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1. INTRODUCTION 

This chapter describes the purpose and organization of this Data Summary Report. Additionally, 
background infonnation for the Groundwater Operable Unit (GWOU) and the site regulatory setting are 
presented. This Data Summary Report supports the Feasibility Study for the Gt:oundwater Operable Unit 
at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky and is identified as Appendix A. 

1.1 PURPOSE AND ORGANIZATION OF THE DATA SUMMARY REPORT 

This section presents the purpose, scope, and organization of the Data Summary Report. 

iI.1.1 Pu~pose 

This Data Summary Report was devel()ped for the GWOU project to provide a comprehensive 
summary of previous site investigations and to provide site background infonnation. Additionally, ,this 
report utilizes the data from these investigations to develop nature and extent for the GWOU. 

1.1.2 Report Organization 

The Data Summary Report includes the chapters outlined below. 

Chapter 1: Introduction. This chapter describes the scope of the project, report organization,and 
background infonnation for the GWOU. 

Chapter 2: Characterization of Environmental Setting. Chapter 2 contains a brief description of 
the environmental setting of the Paducah Gaseous Diffusion Plant (PGDP) including location, demography 
and land use, meteorology, topography, geology, hydrology, and ecology. 

Chapter 3: Summary of Previous Investigations. Chapter 3 presents summary information for 
each of the remedial investigations (RIs) and groundwater investigations completed at the PGDP. Included 
in this chapter are descriptions of solid waste management units (SWMUs), site setting, summary of major 
contaminants, identification of nature and extent, fate and transport summaries, and risk assessment summaries. 

Chapter 4: Nature and ,Extent of Contaminants. Chapter 4 presents the GWOU database and 
discusses the major data sets. This chapter also presents the nature and extent of the operable unit (OU) 
contamination and the major uncertainties. 

Chapter 5: Contaminant Fate and Transport. Chapter 5 includes the modeling assumptions and 
results for sources not identified previously. 

Chapter 6: Summary and Conclusions. Chapter 6 presents the GWOU conceptual site model and 
summarizes the major conclusions reached within this Data Summary Report. 

References cited in this report are contained behind the text of each chapter. 

li,'1.3 Sources of Information 

Prior to calendar year 2000, several Rls were completed following the original remedial strategy that 
emphasized a SWMU-by-SWMU approach, The groundwater and soil data collected from these investigations 
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along with data from separate groundwater investigations and the groundwater monitoring program have 
been compiled and used for this Data Summary Report. Since these data are sufficient for decision-making • 
purposes, a separate GWOU RI was not necessary. An sources of infonnation are cited and a complete 
reference list is available in Chap. 8 of this report. 

1.2 BACKGROlJND INFORMATION 

The following section presents background information concerning the regulatory setting at the 
PGDP. Section 1.2.2 provides the scope of the GWOU and a summary of the GWOU SWMUs. 

1.2.1 Regulatory Setting 

The U.S. Department of Energy's (DOE's) approach to remediation at the PGDPintegrates the 
requirements of the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA~ 
(42 U.S.C.A. §960;1 to 9675), the Resource Conservation and Recovery Act (RCRA) (42 V.S.C.A. §6901 
to 6992), and the National Environmental Polity Act (NEPA) (42 V.S.C.A. §4321 to 4370). This section 
discusses the requirements of these environmental statutes and how they have impacted the regulatory 
framework at the PGDP. 

After the discovery of off-site groundwater contamination at the PGDP, the U.S. Environmental 
Protection Agency (EPA~ entered into an Administrative Order by Consent (ACO) with the DOE on 
November 23, 1988, pursuant to the CERCLA (EPA 1988). The ACO required the DOE to monitor the 
residential wells, provide an alternate drinking water source to affected residents, identify the nature and 
extent of contamination, and take action to protect human health and the environment. 

State and federal RCRA permits are in place at the PGDP to address corrective action and the treatment, 
storage, and disposal of hazardous waste at the facility. The Commonwealth of Kentucky issued the 
Hazardous Waste Management Permit (KY8-898-890-008:"982) on July 16, 1991. On the same date, the 
EPA issued the Hazardous and Solid Waste Amendments (HSWA) Permit (KY8-890-008-982). Since the 
Commonwealth had not yet received authorization to implement the HSW A provisions of the RCRA. 
The Kentucky Department for Environmental Protection (KDEP) was delegated HSW A authority from the 
EPA in April 1996 [61 Fed. Reg. 18504 (April 26, 1996)]-. However, EPA's HSWA permit remains in effect. 

The PGDP was placed on the National Priorities List (NPL) June 30; 1994 [59 Fed. Reg. 27989, 
27993 (May 31, 1994)]. Section 120 ·of the CERCLA requires federal facilities on the NPL to enter into a 
Federal Facility Agreement (FF A) with the appropriate regulatory agencies. The FF A for the PGDP was 
signed by DOE, EPA, and theKDEP on February 13, 1998 (EPA 1998). At that time, the FFA superseded 
the ACO. 

The FF A coordinates the CERCLAprocess with :the requirements of the RCRA Permits and 
delineates a comprehensive plan for cleanup at the PGDP. As part of this plan, the FFA has defined 
potentially contaminated areas at the PGDP as follows. 

• Solid Waste Management Unit means any discernible unit at which solid wastes have been placed at 
any time, irrespective of whether the unit was intended for the management of solid or hazardous 
waste (EPA 1;998). 

00-001 (doc )/08240 I· ·}-2 

• 

• 



• 

• 

• 

• Area of Concern (AOC) means any area having a probable or known release of a hazardous waste, 
hazardous constituent, or hazardous substance which is not from a SWMU and which poses a current 
or potentia). threat ,to human health or the environment (EPA 1i998). 

One of the requirements of the iFF A is that all SWMUsand AOCs at the PGDP undergo an integrated 
RIlfeasibility study (FS) process. This requirement applies to the sites that originally were scheduled for 
investigation under the RCRA permits as well as any sites discovered during subsequent investigations. 

In addition to the coordination of CERCLA and RCRA requirements, the NEPA requirements are 
irtcorporatedinto the planning and impl'ementation ·of remedial actions at the PGDP pursuant to DOE 
Order 451.1A, National Environmental Policy Act Compliance Pr:ogram, and the DOE's Secretarial 
Policy on NEPA. The Order establishes DOE's internal requirements and responsibilities for implementing 
the NEPA, the EPA's procedural provisions for the NEPA (40 C.F.R. Parts 1500 to 1508), and the 
DOE's procedures for implementing the NEPA (lOCFR Part 1021), 

Additional regulatory drivers at the PGDP include the Federal! Facility Compliance Agreements (FFCAs) 
that pertain ,to the storage of land disposal restriction (LDR)/radionuclide (RAD) mixed waste, 'Foxic 
Substances Control Act (TSCA)IRAD mixed waste, and waste not characterized by the RCRA-specified 
Toxicity Characteristic Leaching Procedure (TCLP)~ The DOE and the EPA entered into the LDR FFCA 
{EPA 1992a) and TCLP FFCA (,EPA 11992b) pursuant to the Federal Facility Compliance Act 
(42 U;S.c.A. §6991 to 6195), an amendment to the RCRA. 'JIhe Act also requires DOE facilities that 
generate or store mixed waste to develop plans for treating their mixed waste. The PGDP's Site 
Tt:eatment Plan (DOE 1:996) includes such a plan for the treatment, storage, and disposal (TSD) of the 
DOE's mixed waste. The LDR IFFCA and TSCA FFCA (EPA 1992c) allow the DOE ,to store LDRIRAD 
and TSCAIRAD mixed waste at the PGDP until treatment and disposal options become available . 

1.2.2 Scope of the Groundwater Operable Unit 

In April and August 1998, the DOE, the EPA, and the KDEP met to refine the remedial strategy for the 
PGDP. As a result Of that meeting, the par:tiesagreed to restructufe the strategy to reflect accomplishment 
of sitewide remedial objectives as opposed to the original strategy that emphasized a SWMU-by-SWMU 
approach. Consequently, the ;basis for the new strategy is protection of human health and the environment 
through implementation of various actions focused· on accomplishing the foHowing remedial objectives: 

(1) protection of off-site residents from consumption of contaminated groundwater; 

(2) protection of recreational user associated: with BayouILittle Bayou Creeks and the Western Kentucky 
Wildlife Management Area (WKWMA); 

(3) pmtection of industrial' wOfkers; and 

(4) protection of ecosystems. 

To accomplish these objectives, four remedial action OUs have been defined with each having a' 
specific emphasis corresponding to one of the above remedial objectives. These OUs include the GWOU, 
Surface Water Operable Unit (SWOU), Soils Operable Unit (SOU), and Burial Grounds Operable Unit 
(BGOU). Once completed, a Comprehensive Sitewide Operabl'e Unit will be conducted in conjunction 
with facility decontamination and decommissioning (D&D} to evaluate any remaining residual 
contamination and the cumulative effects fromall media (Massey 1998a; Massey 1998b) . 
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The ,GWOU project will focus on meeting the first remedial objective: protection of off-site residents from 
consumption of contaminated groundwater. As stated in, Sect. 1.111.3, groundwater and soil data from • 
previous RIs, groundwater investigations, and the groundwater monitoring program have been compiled 
and used for this Data Summary Report, the GWOU Risk Assessment, and the GWOU FS Report. 

1.2.3 Waste Area Groupings/Solid Waste Management Units within the Groundwater Operable 
Unit Project 

Table L 1 and Fig. 1.1 identify ithe waste area groupings ~WAGs) and'SWMUs currently within the 
scope of the GWOU. Detailed information for each of these SWMUs is ilOcated in Chap. 3 of this report . 
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0 Table 1.1. WAG and SMWU listing for the GWOU at the PGDP 0 
6 
~ 
0: Was groundwater 0 
n 

Was an FS or other similar documentation previously contamination deferred '< 
0 
00 WAG SWMU Description completed for this SWMU? for this SWMU? N 
-10-
~ WAG 3 SWMU4 C-747 Contaminated Burial Ground No Yes 

WAG 6 SWMU 11 C-400 TCE Leak Site No NA 

SWMU26 C-400 to C-404 Underground Transfer Line No NA 

SWMU 40 C-403 Neutralization Pit No NA 

SWMU47 C-400 Technetium Storage Tank Area No NA 
SWMU 203 C-400 Waste Discard Sump No NA 

WAG 26 AOC 201 Northwest Plume Interim action; ROD (DOE 1993a); Technical NA 
Memorandum (DOE 1993b); Focused FS (DOE 1994a); 
pump-and-treat currently in place 

AOC 202 Northeast Plume Interim action; ROD (DOE 1995a); Technical Memorandum NA 
(DOE 1995b); pump-and-treat currently in place 

AOC 210 Southwest Plume No NA 

WAG 27 SWMU 1 C-747-C Oil Landfarm FS (DOE 1996) and Action Memorandum (DOE 1997a) for NA 
J surface soils only VI 

SWMU 91 C-745-.(3 Cylinder Drop Test Area Feasibility Evaluation (DOE 1997b); ROD (DOE 1998a) NA 
SWMU 196 C-746-A Septic Systems No NA 
SWMU 209 C-720 Compressor Shop Pit No NA 
AOC 211 C-720 TCE Spill Site - Northeast No NA 
C-720 Maintenance and Stores Building No NA 

WAG 28 SWMU99 C-145 Kellogg Building Site No NA 
SWMU 183 McGraw Underground Storage Tank Identified as No Further Action in WAG 28 RIfFS Workplan NA 
SWMU 193 McGraw Construction Facilities No NA 
SWMU 194 McGraw Construction Facilities No NA 
AOC 204 Dykes Road Historical Staging Area No NA 

WAG 22 SWMU2 C-749 Uranium Burial Ground No Yes 
SWMU3 C-404 Low-Level Radioactive Waste No Yes 

Burial Ground 

SWMU7 C-747-A Burial Ground Yes ~ FS (DOE 1998b) (pending) Yes 
SWMU 30 C-?47-A BUI:n Area Yes - FS (DOE 1998b) (pending) Yes 



WAG 6 
SWMU 11-···C-400 Trichloroethene l eak Site 
SWMU 26-···C-400 to C-404 Underground Transfer Une 
SWMU 4Q.·-C-403 Neulralization Pit 
SWMU 47-··C-400 Technetium Storaage Tank Area 
SWMU 203"'C-400 Waste Discard Sump 

WAG27 
SWMU 1--···C·747-C Oil Landfarm 
SWMU 196···C-746-A Septic Systems 
SWMU 209···C·720 Compressor Shop Pit Sump 
AOe 211"-"C-720 TeE Spill Site · Northeast 
C·nO··········-Maintenance and Stores Building 

WAG 28 
SWMU 9S-···C·745 Kellogg Building Site 
SWMU 183"'M:Graw Underground Storage Tank 
SWMU 193"'M:GrawConstruction Facilities 
SWMU 194"'M:GrawConslruction Facilities 
AOe 204······Dykes Road Historical Staging Area 

, 
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2. CHARACTEIUZATION OF ENVIRONMENTAL SETTING 

Chapter 2 presents a summary of the physical settingofthePODP and the terrestrial and aquatic habitats 
found in the contiguous area. The following data are taken from numerous site-specific and regional studies. 

2.1'INTRODlJCTION 

The PODP is one of two operating gaseous diffusion plants in the United States that enriches uranium 
for government programs and commercial customers, primarily electric utilities that operate nuclear power 
plants. Construction of the PODP began January 1951 and: was completed in 1954, although production 
of enriched uranium began in 1952 ~BJC 1998). The PODP is owned by the DOE; however, the DOE 
leased the production areas of the site to the United States Enrichment Corporation in July 1'993. At the 
PODP, the 235U isotope ,is enriched via a physical separation process based on the faster rate at which 
235U diffuses through a barrier compared with the rate of diffusion of the heavier 238U isotope. Product 
from the PODP must be processed further before being used as a nuclear fuel. 

The iPODP consists of a diffusion cascade, which is housed l in five buildings covering a total of 
about 30 hectares (75 acres), and extensive support facilities. Some of the major support facilities include 
a steam plant, four major electrical switchyards, four sets of cooling towers, a building for chemical 
cleaning and decontamination, a water treatment plant, maintenance facilities, laboratory facilities, and 
one active landfill. Several inactive facilities also are located on the PODP site. A raw water treatment 
plant and solid waste laIidfiH are the main operating areas outside of the security area~ 

2.2 DEMOGRAPHY AND LAND USE 

The PODP is ,located in western McCracken County, Kentucky, about 4.8 km (3 miles) south of the 
Ohio River and approximately 16 km (IOmiles) west of the city of Paducah (Fig. 2.1). Approximately 
90% of the area within an8-km (5-mile) radius of the plant is agt'icultural or forested land. Urban and 
industrial lands comprise less than 4% of the surrounding area, and surface-water bodies cover approximately 
5% (MMES 1993). 

The total amount of land held by the DOE at the Paducah Reservation is 1,439 hectares (3,556 acres); 
The industrial portion of the PODP is situated within a fenced security area consisting of approximately 
303 hectares (748 acres). Within this area, designated as secured (i:e., fenced and ipatrolled) industrial land 
use, are numerous buildings and offices, support facilities, equipment storage areas, and' active and inactive 
waste management units. Outside the fenced security area is approximately 804 hectares (1,986 acres) of 
land ,that the DOE leases to ,the Commonwealth of Kentucky as paFt of the WKWMA. The entire WKWMA 
covers approximately 2,761 hectares (6,823 acres). The land leased to the WKWMA is designated as 
recreational and is used extensively for outdoor recreation such as hunting and fishing. The remaining 
portions of the reservation consist of approximately 279 hectares (689 acres) of land maintained by the 
DOE and 54 hectares (B3 acres) of easements acquired by the DOE (Massey 1996). The DOE ,property 
outside the fence is classified as on-site, unsecured (i.e., not fenced) industrial:. Figure 2.2 details the current 
:land use surrounding the PODP. No changes to land use are expected in the future. 

There are four federal highways~U.s. 45,60, 62, and 68) and one interstate highway (1-24) in the 
vicinity of the PODP. Highway 60 is used most frequently by plant personnel for access to the PODP. 
'Fhe closest commercial' airport is Barkley Regional Airport, which is located approximately 8 km (5 miles) 
southeast of the plant. 
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The population of McCracken County, as of July 1995, was reported as 64,577 persons. Counties • 
adjacent to McCracken in closest proximity to the plant reported the following populations: Ballard County, 
Kentucky, 8,232 and Massac County, Illinois, 15,370 ~DOC 1995). The total population within a 80-km 
(50-mile) radius of the plant was estimated at 500,000 with approximately 66,000 people residing within 
a 16-km (liO-mil'e) radius ·of the PGDP (DOC 1994). Between 300 and 500 individuals reside within the 
boundaries of the former Kentucky Ordnance Works (KOW) (TCT-St. Louis 1992). The small communities 
of Grahamville, Heath, and Kevil are within a 5-km C3-mile) radius of the DOE property boundary. 
Larger municipalities such as Paducah and LaCenter, Kentucky, and Joppa and Metropolis, Illinois, are 
within a 16- to 32-km (1:0- to 20-mile) radius of the site. 

McCracken County's employment was recorded at 34,523 persons in June 1999, with unemployment 
recorded as 1,368 persons, or 4% (KCWD 1999). In 1998 in the Purchase Area of Kentucky, which includes 
the counties of Ballard, Calloway, Carlisle, Fulton, Graves, Hickman, McCracken, and Marshall, construction 
accounted for 15% of employment, manufacturing accounted for 34%, mining accounted for 14%, services 
accounted for 13%, and trade accounted for 15% (KCWD 1998). The PGDP employs approximately 
1,750 workers (LMES 1997). The average 1993 per capita income in McCracken County was $19,647 as 
compared to 1'994 averages of $17,807 per capita in Kentucky and $21,809 in the United States (DOC 1995). 

Principal crops grown in the three-county area surrounding PGDP include com, sorghum, wheat, 
soybean, hay, and tobacco. In addition, 26% of the total land area of Ballard County and 24% of McCracken 
County is designated as commercial forest land. In the vicinity of PGDP, the main crops include soybeans, 
corn, and various grain crops. Other foods grown in the area include persimmons and apples. A variety of 
small gardens also are present where ,tomatoes, squash, beans, peppers, okra, potatoes, and other vegetables 
are grown (CH2M HILL 1991a). 

2.3 METEOROLOGY 

The climate of the PGDP area can be described as humid-continental. It is characterized by warm 
and humid summers and moderately cold and humid winters. Temperatures for the summer months average 
29.4°C (85°F), while winter temperatures average 2.2°C (36°F). During the winter months, temperatures 
drop below freezing an average of 60 nights and 10 days. 

Precipitation is distributed relatively evenly throughout the year and averaged 128 cm(50 in.) per 
year from 1969 to 1989 (ClUM HILL 1992). The five-year average annual precipitation for the region from 
1990 to 1994 was 113.13 cm (44.54 in.) per year (MCC 1995~. Most groundwater recharge and stream 
flooding occur between November and May, when evapotranspiration normally is less than the remainder 
of the year. 

The average prevailing wind in the area is from the south to southwest at approximately 16 km per 
hour (9.8 mph). Generally, stronger winds are observed when the winds are fi·omthe southwest or northwest. 

The PGDP is located in the Paducah-Cairo Interstate Air Quality Control Region of Kentucky, 
which includes McCracken County and 16 other counties in western Kentucky. Data from the state's air 
monitors are used to assess the region's ambient air quality for the criteria pollutants (ozone, nitrogen 
oxides,carbon monoxide, par:ticulates, lead, and sulfur dioxide) and to designate nonattainment areas 
(i.e., those ar:eas for which one or more of the National Ambient Air Quality Standards are not met). 
McCracken County is classified as an attainment area for all six criteria pollutants (KEQC 1992). In 
addition, the PGDP operates an ambient air monitoring system to assess the impact of various air 
contaminants emitted by the PGDP on the surrounding envir:onment. Ambient air monitoring of gaseous 
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fluorides and radioactive particulates (gross alpha and gross beta) is accomplished by 12 continuous 
samplers (four fence line and eight off-site).(MMES 1993). The off-site ambient concentrations of fluorides 
at the PGDP in 1994 were well below the air quality standards set by the EPA (40 C.F.R. §61.90) and the 
KDEP, Division for Air Quality. Six additional ambient air sampling stations--one inside the plant, two 
onDOE property, and three off-site-went into operation during July 1'995. 

Noises associated with plant activities generally are restricted to areas inside buildings located on 
site. Noise levels beyond the secul'ity fence are limited to wildlife, hunting, traffic moving through the 
area, and operation and maintenance activities associated with outside waste storage areas located close 
to the security fence. 

2.4 TOPOGRA.PHY AND SURFACE FEATURES 

The PGDP is situated in an area characterized by low relief. Elevations vary from about '1:07 to 119 m 
(350 to 390 ft)(ibove mean sea level (amsl) on the plant property, with the ground surface sloping at a 
rate of approximately 5 mIkm (27 ftlmile) toward the Ohio River. Two main topographic features dominate 
the landscape in the surrounding area: the loess-covered plains, at an average elevation of 119 m (390 ft) 
amsl; and the Ohio River floodplain zone, dominated by alluvial sediments, at an average elevation of 96 m 
(315 ft) amsl (Humphrey 1976). The terrain of the PGDP area is modified slightly :by the dendritic 
drainage .systems associated with the two principal streams in the area, Bayou Creek, commonly referred 
to as Big Bayou Creek and Little Bayou Creek. These northerly flowing streams have eroded small 
valleys that are approximately 6.1 m (20 ft) below the adjacent plain. 

• 2.5 GEOLOGY 

• 

The subsurface at the PGDP site consists of Cretaceous, Tertiary, and Quaternary sediments 
unconformably overlying Paleozoic bedrock. Immediately overlying bedrock at the PGDP is the Upper 
Cretaceous McNairy Formation. The McNairy Formation, consisting of interbedded and interlensing 
sand, silt, and clay, is not exposed near the PGDP. In stratigraphic order, the McNairy Formation is 
overlaid by the Paleocene Porters Creek Clay, undifferentiated Eocene sediments, and Pliocene and 
Pleistocene continental deposits. 

The erosion and subsequent fill of the ancestral Tennessee River Valley during the Pleistocene is a 
primary factor controlling the geologic units beneath the PGDP. During the Pleistocene, the ancestral 
Tennessee River occupied a position close to the present-day course of the Ohio River. The southern 
edge of the former Tennessee River Valley underlies the PGDP. Figure 2.3 presents a general north-south 
cross-section of the geologic units extending from the PGDP to the Ohio River. 

2.5.1 Porters Creek Clay/Porters Creek Terrace 

The Paleocene Porters Creek Clay occurs in southern portions of the site as a massive, glauconitic 
clay with lesser interbeds of sand. A terrace slope of the ancestral Tennessee River completely cuts 
through the thickness of the ,Porters Creek Clay under the south end' of the PGDP. The Porters Creek 
Clay is approximately 30 m (100 ft) thick immediately southwest of the PGDP but is absent, or present 
only as thin isolated remnants, to· the north of the terrace slope. 

Outcrops of the Porters Creek Clay on the PGDP reservation are limited ,to a few isolated locations 
in the bed of Bayou Creek and its tributaries. However, borehole data are sufficient to show that the top 
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of the Porters Creek Clay south of the PGDP has significant topographic relief. Immediately south and 
west of the PGDP, the high elevation of the top of the Porters Creek Clay limits the development of a 
shallow groundwater system in that area. A greater depth to the top of the Porters Creek Clay to the east 
of the PGDP ,permitted deposition of a relatively permeable 'Pliocene gravel deposit near surface. 

2.5.2 Eocene Sands 

Eocene sands, silts, and clays overlie the Porters Creek Clay south of the PGDP. Researchers have 
not attributed these sediments to a specific formation. The thickness of the Eocene sands increases 
southward to greater than 30 m (l00 ft). Eocene deposits do not underlie the PGDP. 

2.5.3 Continental Deposits 

Pliocene and Pleistocene continental' deposits unconformably overlie the Cretaceous through Eocene 
strata in the vicinity of the PGDP. The Pliocene deposits consist of lobes of poorly sorted, silty sand and 
gravel that occur south of the PGDP. These sediments represent an alluvial fan deposit that covered all of 
western Kentucky and parts of Tennessee and Illinois during the Pliocene. 

Beginning under the south end of the PGDP and extending north beyond the Ohio River, a thick 
sequence of Pleistocene continental deposits fills the buried valley of the ancestral Tennessee River. This 
sediment package consists of a basal sand and gravel member, the lower continental deposits, and an 
overlying finer-textured lithofacies, the upper continental! deposits. Where fully developed, the upper 
continental deposits include a bottom sand unit overlaid hy a thick silt and clay interval containing at 
least two 'horizons of sand and gravel. 

Lower Continental Deposits - Pleistocene sand and gravel units, collectively averaging 9 m (30 ft) 
thick, underlie most of the PGDP. Depth to top of this 'lower member is approximately 18 m (60 ft). The 
matrix is characteristically medium to coarse sand and' chert gravel of variable sorting. Thickness of the 
individual depositional units varies widely. However, the lateral continuity of the individual depositional 
units is typically limited. 

IUpper Continental Deposits - The upper member sediments (Pleistocene) include a wide variety 
of textures within three depositional series: 

1) A basal sand unit is generally present, representing the transition from gravel and coarser sandi of the 
II ower member continental deposits to the overlying silty clay unit. The sand generally has a fining
upward texture, becoming siltier toward the ,top of the unit. 

2) An overlying interval of fine-textured sediments defines a middle unit. This unit typically is present 
as a silty clay or clayey silt beneath the plant site. However, a silty, fine sand facies is common, The 
thickness of the unit varies widely, from <3 m (10 ft) up to 12 m (40 ft). 

3) Sand and gravel deposits define an upper unit. Texture and sorting is widely variable among the 
sand and gravel deposits. Where the unit is fully developed,three horizons are present: (1) a basal 
sand and gravel horizon; (2) a middle finer-textured horizon, typically consisting of a silty fine sand 
or silt; and (3~ an upper sand and gravel horizon. 

Other than the broad lens-character of some sand and gravel units, the upper member continental 
deposits do not contain recognizable bedding features. Gradational textural charges are common. Silt and 
clay facies are twically mottled with frequent vertical fracture traces. The fractures are filled with lighter 
coloredsih or clay. 
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2.5.4 Surficial Deposits/Soils 

Silt of the Pleistocene Peorian Loess and an older unit tentatively identified as the Roxanna Loess 
covers sediments both north and south of the buried terrace slope (DOE 1'997a). The loess deposit 
virtually is indistinguishable from silt facies of the upper member of the continental deposits. Loess 
typically is 3 to 5 m (10 to 15 ft) thick beneath most of the PGDP; however, construction activities have 
excavated the loess or replaced the loess with fill material in many areas. Soils ·of the area are 
,predominantly silt loarns that are poorly drained,acidic, and have little organic content. Section 2.7 
discusses the soil types found at the PGOP. 

2.6 HYDROLOGY 

The PGOP occurs in an area of abundant surface-water and groundwater resources. Creeks that 
bound the east and west sides of the PGOP flow north from the PGOP to join with the Ohio River. The 
sand and gravel deposit that forms the shallow aquifer beneath most of the PGDPand the contiguous area 
to the north begins at the Porters Creek Clay Ter:race under the south end of the PGDP and extends to the 
north beyond the Ohio River. 

2.6.1 Surface-Water Hydrology 

The PGDP is located in the western portion of the Ohio River basin. The plant is within the drainage 
areas of Bayou and Little Bayou Creeks and is situated on the divide between the two creeks. 

• 

Bayou Creek is a perennial stream with a drainage area of approximately 29.9 km2 (18.6 miles2
) that 

flows generallynonhward ·from approximately 4 km (2.5 miles) south of the plant to the Ohio River and • 
extends along the western boundary of the plant. Little Bayou Creek, which becomes a perennial stream 
due to PGDP discharges, originates. within the WKWMA, flows northward to the Ohio River, and 
extends along the eastern boundary of the plant. The approximate drainage area of Little Bayou Creek is 
13.6 km2 (8.5 me) (CH2M HILL 1,992). The confluence of the two creeks is approximately 3 miles north 
of the plant site (as measured over land), just upstream of the location at which the creeks discharge into 
the Ohio River. The drainage areas for both creeks generally are rural; however, they receive surface 
drainage from numerous swales that drain residential and commercial properties, including the WKWMA, 
,PGDP, and Tennessee Valley Authority (TV A) Shawnee Steam Plant. A major portion of the flow in both 
creeks north of the PGOP is effluent water from the plant, discharged· through Kentucky Pollutant 
Discharge Elimination System-permitted outfalls. Deer Lick, Snake Creek, and Slough Creek drain the 
nonhwestem portion of the PGOP boundary. 

The United States Geological Survey maintains gauging stations on Bayou Creek 6.6 and 11.7 river km 
(4.1 and 7.3 river miles) from the Ohio River and a station on Little Bayou Creek 3.5 river km (2.2 river miles) 
upstream from its confluence with Bayou Creek. The mean monthly discharge at Bayou Creek varies 
from 0.9 to 1.7 m3/s (6.5 to 60.7 fe/s). The mean monthly discharge on Little Bayou Creek ranges from 
0.03 ,to 0.9 m3/s (0.89 to 33.5 fe/s). 

Two studies have investigated, the dynamics of interaction between surface water and groundwater 
in Bayou and Little Bayou Creeks. The United States Geological Survey (USGS) performed a seepage 
survey in Bayou and Little Bayou Creeks on August 15 and 16, 1989 (Evaldi and McClain '1'989). Mr. Eric 
Wallin monitored indicators of seepage between the creeks and groundwater during the period July 22, 1996 
through October 1'2, 1997, as the subject for a Master of Science thesis at the University of Kentucky • 
(Fryar and Wallin 1998). 
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The 1989 survey determined a point on both Bayou and Little Bayou Creeks where the creeks changed 
from losing streams '(Bayou Creek) or streams of no groundwater interaction ~Little Bayou Creek) to 
gaining streams. On Bayou Creek, the gaining reach began approximately 5.5 river-km (3.5 river-miles) 
upstream from the Ohio River. On Little Bayou Creek, the point where the creek became a gaining 
stream was located approximately 4.2 river-km (2.6 river-miles) upstream from the Ohio River. The 
USGS researchers noted channel-bank seeps along the lower reaches of both creeks. 

The July 1996 through October }997 study assessed both spatial and temporal trends in stream-to
groundwater interaction along the creeks. This ,study assessed Bayou Creek from south of the PGDP to 
the Ohio, ltiver and Little Bayou Creek from the plant outfalls to the river. The investigation found that 
the magnitude of seepage varied with season but :concmred with the 1989 sUJ7Vey location of the 
inflection point on Little Bayou creek where the stream begins to gain. The later study found that gaining 
reaches on Bayou Creek are limited to the area south of the PGDP and very near the 0hio ltiver. 

In summary, gaining reaches of Bayou Creek are found south of the PGDPand north of the plant in 
the·OhioRiver floodplain. Gaining reaches of Little Bayou Creek are limited to the Ohio River floodplain. 

Man-made drainages receive stormwater and effiuent from the PGDP. The plant monitors 17 outfalls, 
which have a combined average daily flow of approximately 4.9 million gallons .per day (LMES 1992a). 
Water ·flow in these ditches is intermittent based on seasonal rainfall. The plant ditches generally are 
considered to be located in areas where the local groundwater table is below the bottoms of the ditch 
channels. Therefore, the ditches probably function as influent (losing) streams most of the time, resulting 
in some discharge to the subsurface. 

Surface-water bodies in the vicinity of the PGDP include the Ohio River to the north, Metropolis 
Lake (located east of Shawnee Steam Plant), Bayou Creek, Little Bayou Creek, numerous smaU tributaries 
and creeks, as well as surface-water ditches and lagoons located within the plant boundary. There is a 
marshy area just south of the confluence of Bayou and Little Bayou Creeks. The smaller surface-water 
bodies are expected ito have only localized' effects on the regionalgroundwaterf1ow pattern. 

2.6.2 Groundwater Hydrology 

The Jackson Purchase Region is characterized by a thick sequence of unconsolidated Cretaceous 
through Holocene sediments deposited on an erosionally truncated Paleozoic surface. The flow system in 
the vicinity of the PGDP exists primarily within unconsolidated sediments. 

The regional groundwater flow systems occur within the Mississippian Bedrock, Cretaceous McNairy 
Formation, Eocene Sands, Pliocene Terrace Gravel, Pleistocene Lower Continental Deposits, and Upper 
Continental Deposits. Terms used to describe the hydrogeologic flow system are the McNairy Flow System, 
Eocene Sands, ,Pliocene Terrace Gravel, the Regional Gravel Aquifer (RGA)~ and the Upper Continental 
Recharge System (UCRS). Specific components for the regional groundwater flow system have .been 
identified and are defined in ,the following subsections~ 

2~6.2.1 Paleozoic bedrock aquifer 

Limestone, which is believed to be Mississippian-age Warsaw Limestone, subcrops beneath the 
PGDP. Groundwater production from the bedrock aquifers comes from fissures and fractures and from 
the weathered rubble. zone near the top of the bedrock. The bottom of a rubble zone developed in the top 
of the Mississippian carbonate bedrock generally marks the base of the active groundwater flow system 
beneath the PGDP. 
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2.6.2.2 McNairy flow system 

This component, formerly termed the "deep groundwater system," consists of the interbedded and 
interlensing sand, silt, and clay of the Cretaceous McNairy Formation. The sand in the McNairy Formation 
is an excellent aquifer in the southeastern part of the Jackson Purchase Region; however, near the PGDP, 
the McNairy Formation contains significant amounts of silt and clay ~LMES 1992b). Regionally, the 
McNairy Formation recharges along areas of outcrop in the eastern part of the region, near Kentucky 
Lake and Lake Barkley (USGS 1973); Water movement is north and northwest toward discharge areas in 
Missouri and along the Ohio River. 

The McNairy Formation subcrops beneath the .plant at depths ranging from approximately 30 to 216 m 
(100 to 710 ft). Overall, sand facies account for 40 to 50% of the total formation thickness of approximately 
68.6 m (225 ft). The upper and middle McNairy members in the area of the PGDP are predominately silty 
and clayey fine sands. However, where the RGA is. in direct hydraulic connection with coarser-grained 
sediments of the McNairy Formation, the McNairy flow is coincident with that of the RGA. 

Values of hydraulic conductivity for the McNairy Flow System were reported as ranging from 1.4 x 10-8 

to 4.6 X 10-2 cmls in a 1973 study ~USGS 1973). During the WAG 6 RI, values of hydraulic conductivity 
were measured from 8.2 x 10-8 to 1.1 X ,10-3 cmls (DOE 1998). The range of five to six orders of 
magnitude difference is due to depositional heterogeneity between the sand and clay of the McNairy 
Formation. A 1996 assessment of hydraulic conductivity of the McNairy Formation (LMES 1996), based 
on annual water level cycles, determined the large-scale horizontal conductiyity to be approximately 
6.3 x 1'0-6 cmls and the large-scale vertical conductivity to be approximately 1.6 x 10-7 cm/s. 

2.6.2.3 Pliocene Terrace Gravels and Eocene Sands 

Pliocene-age gravel deposits and Eocene-age reworked sand and gravel overlie the Paleocene 
Porters Creek Clay in the southern portion of the DOE reservation. A water table flow system developed 
in these units provides some throughflow to the north, across the Porters Creek Terrace. Most of this 
throughflow is realized east of the PGDP, where the Pliocene Terrace Gravel is thickest adjacent to the 
Porters Creek Terrace. The water table flow systems immediately south and west of thePGDP generally 
discharge to Bayou Creek because of the shallow depth of the Porters Creek Clay in those areas. 

2.6.2.4 Regional Gravel Aquifer 

The RGA consists primarily of the coarse sand and gravel facies of the Lower Continental Deposits. 
Permeable sands of the Upper Continental Deposits and the McNairy Formation, where they occur adjacent 
to the Lower Continental Deposits are included' in the RGA. The RGA is found throughout the plant area 
and to the north, but pinches out to the south, southeast, and southwest along the slope of the Porters 
Creek Terrace. Regionally, the RGA includes .the Holocene-aged alluvium found adjacent to .the Ohio River. 

The RGA is the shallow aquifer beneath the PGDP and is the dominant groundwater flow system in 
the area extending from the PGDP to the Ohio River. In general, the hydraulic gradient of the RGA dips 
to the north_ East-west heterogeneities within the Lower Continental Deposits and leaks from PGDP 
utilities cause groundwater flow to be directed locally to the northeast and northwest of the plant. 
Dit:ferences in permeability and! aquifer thickness also affect the hydraulic gradient. Low gradients in the 
north-central portion of the plant site are the result of a thick section of the RGA containing higher 
fractions of coarse sand and gravel. Northward, near the Ohio River, the hydraulic gradient increases as a 
result of either a thinner section ofRGA or of low-permeability bottom sediments in the Ohio River . 
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Regional groundwater flow within the RGA trends north-northeast toward base level represented by 
the Ohio River. The hydraulic gradient varies spatially but is on the order of 1 x 10'"" to 1 X ro-3 mlm. 
Hydraulic conductivities from the RGA have been reported as ranging from 10'"" to 1 cmls (DOE 1997b). 

2.6.2.5 Upper Continental Recbarge System 

The VCRS consists ofa thick.surface loess linit and the Vpper Continental Deposits. Hydrogeologists 
at the PGDP have differentiated· the VCRS into three general horizons, which are .as follows: 

• Hydrologic Unit (HU) I-an upper silt and clay interval (the surface loess unit), 
• HU 2-an intervening interval of common sand and gravel lenses, and 
• HU 3-a lower silt and clay interval. 

Groundwater flow in the VCRS is predominately downward into theRGA, hence the term "recharge 
system." Vertical hydraulic gradients generally range from 0.5 to 1 mlm where measured by wells 
completed at different depths in the VCRS. The presence of steep but undetermined vertical gradients for 
most areas of the PGDP has limited the ability to map a water table at the PGDP. However, the available 
UCRS well network is sufficient to determine the main features ofthe water table. In general, the water 
table is less than 6 m (20 ft) deep in the western half and south quadrant of the PGDP. Depth to water is as 
much as 12 m (40 ft) in abroad trough in the water table in the northeast and central areas of the PGDP. 

Regionally, the thickness of the saturated VCRS ranges from 0 to 15.2 m (0 to 50, ft). Measurements 
ofUCRS hydraulic conductivity from the WAG 6 RI ranged from 1.7 x 10,8 to 3.2 cmls (DOE 1998). The 
range of eight orders of magnitude reflects the varied textures of the VCRS matrix . 

2.7 SOILS 

Six soil types are associated with the PGDP as mapped by the Natural Resources Conservation 
Service (NRCS), formerly the Soil Conservation Service (USDA 1976). These are Calloway silt loam, 
Grenada silt loam, Loring silt loam, Falaya-CoIlins sih loam, Vicksburg silt loam, and Henry silt loam. The 
dominant soil types, the Calloway and Henry silt loams, consist of nearly level, somewhat poorly drained to 
poorly drained soils that formed in deposits of loess and alluvium. These soils tend to have low organic 
content, low buffering capacity, and acidic pH ranging from 4.5 to 5.5. The Henry and Calloway series have 
a fragipan horizon, a compact and brittle silty clay loam layer that extends from 66 cm (26 in.) below 
land surface to a'depth of 127 cm(50 in.) or more. The fragipan reduces the vertical movement of water 
and' causes a seasonally perched water table in some areas at the PGDP. In areas within the PGDP where 
past construction activities have disturbed the fragipan layer, the soils are best classified as "urban." 

Prime farmland, as defined by the NRCS, is land that is best suited for food, feed, forage, fiber, and 
oilseed productions, excluding "urban built-up land or water" (7 CFR §§657 and 658). The NRCS 
determines prime farmland based on soili types found to exhibit properties best suited for growing crops. 
These characteristics include suitable moisture and temperature regimes, pH, drainage class, permeability, 
erodibility factor, and other propemies needed to produce sustained high yields of crops in an economical 
manner . 
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2.8 ECOLOGY 

2.8.1 Terrestrial Systems 

The upland habitats in the PGDP area support a variety of plant and wildlife species. Because much 
of the PGBP's terrestrial habitat is managed for multiple uses, the diversity of habitat is excellent. Forest 
and shrub tracts alternate with fencerows and transitional edge habitats (ecotones) along roads and 
transmission-line corridors. Fencerow communities are dominated by elm, locust, oak, and maple, often 
with a thick understory of sumac, honeysuckle, blackberry, and grape. HeJ:baceous growth in these areas 
includes clover, plantain, and numerous grasses. The numerous ditches, upland embankments along 
streams, and open areas around ponds in the area also provide diversity of habitat for wildlife and for 
recreational hunting (CH2M HILL 1991a). 

The terrestrial community is described by the dominant vegetation sites that characterize the 
community. The communities range from oak-hickory forest, in areas that have been relatively undisturbed, 
to managed fencerows and agricultural lands. Detailed investigations of vegetation have been conducted for 
Ballard and McCracken Counties in Kentucky by the WKWMA and the U.S. Army Corps of Engineers 
(COE). Significant areas ofPGDP include vegetation managed for consumption by wildlife, especially deer. 
Principal crops grown in the three-county area surrounding PGDP include corn, sorghum, wheat, soybean, 
hay, and tobacco. In addition, 26% of the total land area of Ballard County and 24% of McCracken 
County is designated as commercial forestland. 

• 

Most of the area in the vicinity of the PGDP has been cleared of vegetation at some time, and much of 
the grassland habitat is mowed regularly by PGDP personnel. Approximately 810 hectares (2,000 acres) 
in the WKWMA consist of old field grasslands. Much of this herbaceous community is dominated by 
members of the Compositae (sunflower) family andl various grasses. Other common grasses associated • 
with grassland areas include broom sedge (Agropyron virginicus), plume grass (Erianthlls a/opecuroides), 
panic grass (Panicum scoparium), and three awn grass (Aristida purpurescens). Woody species, such as 
red maple, also are present occasionally. 

A large percentage of the WKWMA grasslands are managed to promote native prairie vegetation 
using burning, mowing, and various other techniques. These areas have the greatest potential for restoration 
and establishment of a sizable prairie preserve in the Jackson Purchase area and promote native prairie 
species such as big bluestem (Andropogon gerardii), little bluestem (Schizachyrillm scoparium), Indian 
grass (Sorghastrum nulans), compass plant (Silphium /aciniatum), and rattlesnake master (Eryngium 
yuccafolium), among others ~KSNPC 1991). Some of this acreage also includes remnant prairie, which is 
characterized by the presence of eastem Gamma grass (genus Tripsacum) and Indian grasses. 

Approximately 324 hectares (800 acres) within the WKWMA are in scrub or shrub habitat. This 
community represents a more diverse habitat than grasslands, including both herbaceous and woody 
species. Dominant species include black locust (Robinia pseudoacacia), chet:ry (Prunus spp), persimmon 
(Diospyros virginiana), sumac (Rhus sp.), and young red maples (Acer rubrum) along with various vines 
and herbaceous species. 

Forested habitats characteristic of the WKWMA include two species of hickory (Carya spp.) and 
three species of oak (Quercus spp.), as well as scattered growths of sweetgum (Liquidambar styraciflua) 
and hackberry (Celtis). Some mature trees in the area are over 11100 years old:. Understory species include 
snowberry (SympllOricarpos orbiculatus), poison ivy (Toxicodendron radicalls), trumpet creeper (Campsis 
radicans), Virginia creeper (Parthenocissus qui11que/oUa), and Soloman's seal (Smilacina racemosa), 
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among others. TheWKWMA also has planted white pine in selected areas and perfonns.controlledbuming, 
provides food plantings forwildlife,.or otherwise manages about 203 hectares (500 acres) per year. 

Wildlife commonly found in the PGDP area consists of species indigenous to open grassland; thickets, 
and forest habitats. No quantitative surveys of terrestrial wildlife neat the PGDP were conducted as part 
of site investigation (SI~ activities. However, observations by ecologists during SIs and information from 
WKWMA staff have provided a qualitative description of wildlife communities likely to inhabit the 
vegetation communities in the vicinity of the PGDP. Open herbaceous areas are frequented by rabbits, 
mice, and a variety ·of othersmaN mammals. Birds include red-winged 'blackbirds, quail, sparrows, and 
predators such as hawks and owls. In ecotones (including fencerows, low shrub, and young forests), a 
variety of wildlife is present, including opossum, vole, mole, raccoon, and deer. Birds typical in the 
ecotones include red-winged blackbird, shrike, mourning dove, quail, turkey, cardinal, and meadowlark. 
Several groups of coyotes also reside in the vicinity ·of PGDP. In mature forests, squirrel, various 
songbirds, and' great homed owls may be present. The primary game species hunted for food in the area 
are deer, turkey, opossum, rabbit, raccoon, and squirrel. Much of the area is attractive to game and 
nongame species because of the intense management program for game that has been implementediin ,the 
WKWMA (CH2M HILL 1991a). 

Small mammal surveys conducted on the WKWMA documented the presence of southern short
tailed shrew (Blarina carolinensis), prairie vole (Microtus ochrogaster), house mouse (Mus muscullis), 
rice rat (Oryzomyspalustris),and' deer mouse (Peromyscus sp.) (KSNPC 1991). Larger mammals commonly 
present in the area include coyote (Canis latrans), eastern cottontail (Sylvilagus j1oridanus), opossum 
(Didelphis marsupialis), groundhog (Marmota monax), white-tailed deer (Odocoileus virginianus) , 
raccoon (Procyon lot or), and gray squirrel (Sciuruscarolinensis). 

Late spring roadside surveys conducted by Battelle reported some 45 species of birds in the PGDP area 
with northern bobwhite (Colinus virginianus), northern cardinal (Cardinalis cardinalis), indigo bunting 
(Passerina cyanea), common grackle (Quiscalus quiscula), eastern towhee (Pipilo erythrophthalmus), 
and European starling (Sturn us vulgaris) being the most abundant. Other common species include 
mourning dove (Zenaida macroura), bam swallow (Hirundo rustica), blue jay (Cyanocitta cristata), 
American crow (Corvus brachyrhynchos), northern mockingbird (Mimus polyglottos), brown thrasher 
(Toxostoma rufum), common yellowthroat (Geothlypis trichas), eastern meadowlark (Sturn ella magna), 
and red-winged blackbird (Agelaius phoeniceus). Red-tailed hawk (Buteo jamaicensis) and American 
kestrel (Falco sparverius) were the most commonraptors (Battelle 1:978). 

Amphibians and reptiles presentat PGDP include cricket frog (Acris.crepitans), Fowler's toad (BuJo 
woodhousii fowlerO, common snapping turtle (Chelydra serpe1ltina), green tree frog .(Hyla cinerea), 
chorus frog (Pseudacris triseriata~, southern ,leopard frog (Ran a utricularia utricularia), eastern fence 
lizard (Sceloporus undulatus), and red~ared slider (Trechemys scripta elegans) (KSNPC 1,991). 

Mist netting activities in the PGDP area have captured red bat (Lasiurus borealis), little brown bat 
(Myotis lucifugus), Indiana bat (Myotis sodalis), northern long-eared bat (Myotis septentrionalis), evening 
bat (Nycticeus humeralis), and eastempipistrelle (Pipistrellus subj1avus)(KSNPC }1991). 

2.8.2 Aquatic Systems 

Both Bayou and Little Bayou Creeks and tributaries support a variety of aquatic life. The dominant fish 
taxa in PGDP surface waters (based on density or biomass) include several species of sunfish, especially 
bluegill (Lepomis macrochirus) and green and longearsunfish (L. cyanellus and L. megalotis~, as well as 
spotted and largemouth bass (Micropterus punetlilatus and M. salmoides) , bullheads (Ameiurus spp.), 
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and creek chub (Semotilus atromaculatus). Shallow streams, characteristic of the two main area creeks, 
are dominated by bluegills, green and longear sunfish, and central stonerollers (Campostoma anomalum~. • 

In addition to stream habitats, about 13 fishing ponds are located primarily in the WKWMA. Most 
of these ponds are used for public fishing by about 2;000 registered visitors per year and by many other 
users who do not register (CH2M HILL 1'991a). Pond areas generally are dominated by !largemouth bass, 
bluegill, and to a lesser extent, green sunfish. Prior to the SI studies, Little Bayou Creek also was fished; 
however,due the detection of elevated! concentrations of PCBsirt fish taken from Little Bayou Creek., 
consumption warnings have been posted. Aquatic habitats are used by muskrat and beaver. Many species 
of water birds,including wood duck., geese, heron, and species of migratory birds, also use these .areas. 
There also are many other smaller ponds and abandoned gravel pits that usually contain water and may 
have functioning ecosystems. 

2.8.3 Wetlands 

Habitats that have soil and hydrology capable of supporting vegetation adapted for hydric environments 
are considered wetlands. 'These habitats include marshes (wetlands dominated by herbaceous species) and 
swamps (wetlands dominated by woody species), as well as many other ecotones between terrestrial and 
aquatic habitats. Near the PGDP, there are numerous areas where these conditions prevail, particularly in 
the region adjacent to the Ohio River. Within the WKWMA, approximately 1,620 hectares (4;000 acres) 
have been identified as having hydric soil capable of supporting wetlands. Some of these systems include 
a special-status species, the water hickory. Approximately 162 hectares (400 acres) of this area are 
Tupelo Swamp, and' another 243 hectares (600 acres) are bottomland hardwood. The Tupelo Swamp, 
which is located near the site, is considered very unusual by state and federal land managers and is 
thought to he only one of three similar systems left in the United States. Most of the remainder of the 
wetlands in the PGDP vicinity is in agricultural use or is in some stage of succession to wetland scrub. • 
Other wetland habitats are found associated with the shorelines of ditches and creeks (riparian 
vegetation), although many of these are incised and have only marginal areas of wetlands. Most ponds 
also include shallow wetland systems along their shorelines and along contiguities with bottomland 
hardwood systems (CH2M HILL 1991a} 

The 1994 COE environmental investigations identified 4,742 hectares (11,719 acres) of wetlands 
surrounding the PGDP. This investigation identified and grouped wetlands into vegetation cover types 
encompassing forested, scrub/shrub, and emergent wetlands ( CaE 1994). Wetland vegetation species 
include sedges (Carex spp.), rushes (Juncus and Scirpus spp.),spikerushes (Eleocharis spp.), and various 
other grasses and forbs in the emergent areas; red maple (Acer ntbrum), sweet gum (Liquidambar 
styracij1ua), oaks ~Quercus spp.), and hickories (Carya spp.) in the forested areas; and black willow 
(Salix nigra) and saplings of a variety of other species in the scrub/shrub areas. 

Wetlands inside the plant security fence are confined to portions of drainage ditches traversing the 
site (CDMFederal 1994). Functions and values of these areas as wetlands are low to moderate (Jacobs 
1995) with regard to groundwater recharge, floodwater retention, and sediment/toxicant retention. While 
the opportunity for these functions and values is high, the effectiveness is low due to water exiting the area 
quickly via the drainage system. Other functions and values, such as wildlife habitatlbenefits, are low. 

A floodplain analysis performed by the CaE in 1994 found much of the built-up portions of the 
plant lie outside the 100- and 500-year floodplains of these streams. In addition, this analysis reports that 
ditches within the plant area can contain the expected }!OO- and 500-year discharges (COE 1994). 
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2.8.4 Threatened and Endangered Species 

!Potential habitat for federally listed threatened and endangered (T &E) species was. evaluated for the 
area surrounding the PGDPduring the 1994 COE environmental investigation of the PGOP and inside 
the fence of the PGOP during the 1994 investigation of sensitive resources at the PGDP (COE 1994; 
CDM Federal l 1994) .. No T&E species or potential habitat for any T &E species were observed .during the 
inside-the-fence investigation. However, the Indiana bat is known to be present near the PGOP. Potential! 
habitat for the Indiana bat (listed endangered) has been observed in the area surrounding the 'PGDP . 
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3. SUMMARY OF PREVllOUS INVEST,IGATIONS 

3.1 INTRODUCTION 

Chapter 3 of this Data Summary Report provides summary level information for the RIs completed 
at each of the WAGs. Additionally, this chapter provides background information for the groundwater 
investigations completed at the PGDP. This document is intended to provide only an overview of these 
investigations; all references are identified for the reader. For investigations that were very large, this 
report focuses on the groundwater aspects of the investigation. 

3.2 REMEDIAL SITE INVESTIGATIONS 

The following subsections provide summary information for the remedial studies and site investigations 
completed at the PGDP. Historical information, site geology, nature and extent of contamination, and 
summaries of risk assessments are included. 

3.2.1 Phase 1 Site Investigation 

3.2.1.1 Scope 

After the discovery of off-site groundwater contamination at the PGDP, EPA entered into an ACO 
(IEPA 1988) with DOE on November 23, 1988, pursuant to the CERCLA. The ACO required the DOE to 
monitor the residential wells, provide an alternate drinking water source to affected residents, identify the 
nature and extent of contamination, and take action to protect human health and the environment. To 
meet the objectives of the Consent Order, an SI was conducted ,in two phases. The Results of the Site 
Investigation Phase I (CH2M HILL 1991) documents the results of the first phase of fieldwork completed 
between 1989 and 1990. The primary objectives of Phase I were (1) to determine the lateral and vertical 
extent of the contamination in surface water and groundwater, (2) to evaluate the on-site sources of 99Tc and 
trichloroethene ("rCE) most likely to be contaminating groundwater and surface water, and (3) to evaluate 
the on-site sources of PCB that may be the cause of sediment and surface-water contamination. 

3.2.1.2 Areas of investigation and investigation methods 

The Phase I Investigation evaluated the following areas for the PGDP: contaminant sources, surface 
water and sediment, hydrogeology, surface-water and groundwater users' survey, and the ecology. Each 
of these is described in more detail below. 

Contaminant Sources 

To meet the objectives of the Phase IInvestigation, potential TCE, 99Tc, and PCB contaminant sources 
were investigated. Twelve SWMUs, which included SWMUs 1, 30, 33, 74, 75, 79, 80, 81, 82, 83, 84,and 
85, were investigated as probable sources of PCB contamination. Soil samples were taken from 0 to 1.83 m 
(0 to 6 ft). Twelve soil borings completed to an average depth of 21 m (70 ft) were completed to 
investigate potential on-site sources of "fCE and 99Tc. Borings were located within Ditch 001, SWMU 1, 
SWMU 3, SWMUs 7 and 30, SWMU 11, SWMU 17, SWMU 18, and SWMU911 .. Figure 3.1 identifies 
these locations. 
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Seventeen shallow soil samples were taken to evaluate the distribution and migration of 99Tcinto 
soil from possible past airborne releases. The Phase I Investigation also perfonned a radiological survey • 
of 27 rubble piles and a radiological walkover survey of Little Bayou Creek, Bayou Creek, North-South 
Diversion Ditch (NSDD), and KPDES ditches 00 11, 002, 010, OH,Ot2, and 013. A soil ga's survey was 
conducted within the plant boundary at 76 m (250 ft) intervals around C-400 and at 229 m (750 ft) 
intervals at other areas. The Phase I Investigation also conducted< background soil sampling to evaluate 
radioactivity within the soils around the PGDP. 

Surface water and sediment. Surface-water samples were collected from Bayou Creek, Little Bayou 
Creek, Metropolis Lake, a marsh on TV A property, and the NSDD at various time intervals between June of 
1989 and August 1990. Sediment samples were collected from 15 stations along Bayou and Little Bayou 
Creeks and from Metropolis Lake and area wetlands. Likewise, creek-bank sediment samples were 
collected from 20 locations on the NSDD, Bayou Creek, and bttle Bayou Creek. Additionally, shallow 
soil samples were taken from the banks of the NSDD, Ditch 15, and Ditch 003. The IPhase I Investigation 
also conducted a storm sewer evaluation survey and completed sampling in 14 ponds around the PGDP. 

Hydrogeology. The Phase 1 Investigation evaluated the integrity of 80 monitoring wells, and Martin 
Marietta Energy Systems, Inc., performed geophysical logging on 25 wells at the site. The Phase I 
Investigation installed a total of 35 monitoring wells as identified in Fig. 3.2. Water-level measurements 
were taken discretely (e.g., as wells were installed) and continuously for a 2-week period in July 1990. 

Groundwater samples were -collected from residential wells around the PGDP and from on-site and 
off-site monitoring wells. The groundwater data were evaluated (l) to identify residents in need of an 
alternative water supply, (2) to detennine background conditions, (3) to detennine nature and extent of 
off-site groundwater contamination, (4) to focus subsequent investigations, and (5) to determine the • 
interaction between surface water and .groundwater. 

Groundwater samples were collected from 39 monitoring wells, 22 residential wells, and four TV A 
wells on five separate sampling events between June 1989 and September 1990. Samples were analyzed 
for volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), pesticides, PCBs, 
and metals. 

Variable-head (slug) tests were conducted in a number of wells at thePGDP to detennine order-of
magnitude estimates of in situ hydraulic conductivity. Additionally, an aquifer pumping test was performed 
near the C-404 area. 

Surface-water and groundwater users' survey. The Phase I Investigation conducted a survey 
identifying surface-water and groundwater users. The area surveyed was approximately 6.4 km (4 miles) 
in diameter from the center of the plant. 

Ecology. Five ecological investigations were perfonned that included deer sampling, fish sampling, 
benthic macroinvertebrate sampling, opportunistic sampling, and a terrestrial survey. Twelve whitetail 
deer were taken from the WKWMA and various tissues were sampled for VOCs, SVOCs, pesticides, 
PCBs, metals, and radionuclides. Fish taken from local creeks, ponds, and lagoons were tested for VOCs, 
SVOCs, pesticides, PCBs, metals, and radionuclides. In the fall of 1'989, a terrestrial survey documented 
the dominant vegetation, the wildlife, and the general habitat types within a 6.4-km (4-mile) boundary. 
Opportunistic sampling of various plants and animals also was conducted. 
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3.2.'1.3 Conclusions 

The Phase I Investigation pmvided infonnation on soil, groundwater, and surface-water contamination 
at the PGDP and served as a framewm:k to guide other SIs and studies. The following subsections hriefly 
summarize the nature and extent of contamination for groundwater and the general conclusions of the 
risk assessment. 

Nature and Extentof Contamination 

The Phase I Investigation concluded! that the RGA was the primary transport route for off-site 
groundwater contamination and that the RGA was contaminated by organic contaminants (primarily 
TCE) and by 99Tc. Tables 3.1 and' 3.2 summarize the results from residential wells, monitoring wells, and 
TVA wells. These data provided an early conception of the plumes at the PGDP. The Phase I Report 
concluded that one TCE plume was emanating from the center of the plant (near the C-400 Building) and 
migrating northeastwardly, and that a separate 'fCE plume emanating from the northwestern corner oUhe 
plant was migrating northwestwardly. The Phase I Report also concluded that a 99Tc plume coincided 
with the northeasterly plume and that a separate 99Tc plume was migrating northward from the SWMUs 
in the northwestern part of the plant. 

Summary of Risk Assessment 

The summary presented in this section was taken from Results oj the Site Investigation, Phase I, at 
the Paducah Gaseous Diffusion Plant (CH2M HILL 1991) (Le., Phase Ii SI). Specifically, Chaps. 6 and 7 of 
the Phase I SI contain the pertinent risk infonnation that follows. 

According to Chapter 6.1 of the Phase lSI: 

The assessment of off site receptors is an evaluation of the potential risks posed by PGDP-related 
contaminants. More specifically, the assessment covers risks from PGDP contaminants to the 
health of the public living off the site. The goal of this assessment is to establish a "snapshot" of 
the health risks that may arise from the levels of contamination identified in Phase I of the site 
investigation. Normally, such an assessment would!be made much later in an investigation. The 
assessment does not reconstruct the history of contaminant levels or predict contaminant levels. 
The assessment focuses on contaminant levels at points or locations of possible human exposure, 
such as health risks from contaminants detected at certain concentrations in residential wells 
that supply drinking water or in creeks used for swimming and fishing. No attempt is made to 
model or project releases of contaminants to other areas, such as to wells that may not have 
been sampled as part of the study. 

No attempt was made to identify risks not related to the site and therefore define the total risk to an 
individual living near the site. Similarly, contribution to risk from "background" levels on sources of 
chemicals or radionuclides are not expressly characterized or defined in this assessment. 

Although some human health risks may be increased by exposure to both chemicalsandradionuclides, 
the risks have been discussed and quantified separately for each of the ,two .categories. 
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Table 3.1. Groundwater Analytical Results of Phase I Investigation 

Residential wells 
Concentration 

Detection (Jl2ILt 
Contaminant of concern frequenct Ranee 

4-Nitrophenol 
Bis(2-ethylhexyl)phthalate 6/44 2.0-69.0 
Di-n-butyl phthalate 2/44 2.0-3.0 
Di-l1-octyl phthalate 1/44 27.0 
Diethyl phthalate 
1,2-Dichloroethalle 4/61 1.0-2.0 
I ,2-Dichloroethene (total) 2/61 5.0-18.0 
2-Butanone 
Benzene 
Carbon tetrachloride 3/61 1.0-8.0 
Chloroform 6/61 1.0-34.0 
Tetrachloroethene 3/61 1.0-2.0 
Toluene 2/61 1.0-2.0 
Trichloroethene 15/61 \.0-1,600.0 
X)'lene -- . 

--

Aluminum 30/44 24.1"3,400 
Arsenic 6/44 1.3-2.5 
Barium 44/44 19.4-464 
Beryllium 12/44 0.05-2.5 
Cadmium 2/44 1.8- \.9 
Chromium 8/44 4.4-107 
Copper 33/44 5.4-1,120 
Iron 31/44 23.1-166,000 
Lead 37/44 1.0-287 
Magnesium 44/44 1,810.0-24,300 
Mercury 3/44 0.2-0.2 
Nickel 8/44 5.7-58.6 
Selenium 16/43 \,1-13.8 
Silver 3/44 2.1"10.3 
Zinc 39/44 -- __ 3.4/5,090 
"Total metals (unfiltered sample). 
"Number of detected values/total samples (including duplicates). 
r Average of detected values only (including duplicates). 

Averaeec 

27.8 
2.5 
27.0 

1.3 
11.5 

5.3 
13.3 
\.3 
\.5 

380.0 

384.1 
\.9 

121.2 
0.6 
1.9 

19.5 
59.3 

7,422.5 
15.6 
790 
0.2 
17.9 
4.7 
6.1 

291.7 

Monitorine wells 
Concentration 

Detection (Jl2IL)a 
frequenCy Ranee Averaee 

Organic 
-2/18 - 15.0-15.0 15.0 
9/18 5.0-320.0 119.7 
1118 2.0 2.0 
1/18 5.0 5.0 
1/18 2.0 2.0 

4/42 2.0-12.0 7.3 
1/26 7.0 7.0 
1/43 3.0 3.0 

2/43 1.0-2.0 1.5 

5/43 \.0-23.0 7.6 
16/43 1.4-340.0 119.2 
2/43 3.0-4.0 3.5 

Inorganic 
18/18 31.4~66,300 9,998.9 
3/17 0.6-\.9 1.1 
18/18 42.8-1,030 304.2 
7/18 0.2-9.3 3.4 
5/17 0.9-4.1 3.0 
15/18 7.0-178 66.7 
18/1 8 3.6-622 62.5 
18/18 51.3-288,000 36,735.3 
18/1 8 0.6-42.6 9.7 
18/18 5,950.0-20,500 11,333.9 

15/18 6.1-159 55.3 
12/18 0.4-7.2 3.3 
3/15 12.4-27.5 19.9 
18/18 4 \.7-537 176·6 

-

• 
TVA wells 

Concentration 
Detection jpg/Ll 
frequency Ranee Average 

1/4 11.0 11.0 

5/28 1.0-74.0 16.0 

- -

516 1,270.0-58,600 14,528 
3/6 1.8-38.2 14 
6/6 71.2"536 189.3 
3/6 2.4-4.2 3 

4/6 7.4-94.6 33.8 
4/6 16.9-76 36.5 
6/6 49\.0-121,000 32,383.5 
516 2.0-21.3 8.7 
6/6 3,570.0-15,900 8,075 

4/6 2 \.4-73.8 47.4 
3/4 1,6-10.3 5.1 
1/6 4.9-4.9 4.9 
6/6 48.1-371 178.9 



Table 3.2. Groundwater Analytical Results of Phase I Investigation 

Radionuclide 
99Tc 
238U 
23SU 

239
pU 

Residential well: concentration range 
: (pCiIL) 

Monitoring well: concentration range 
(pCiIL) 

237Np 

23017h 

1.82 to 1,200.0 
1.50 to 3.40 
0.13 to 0.13 
0.02 to 0.07 
Not found 

0.21 to 1.10 

According to Chapter 7.1.3 of the Phase lSI: 

4.0 to 220.0 
0.21 to 97.0 
0.08 to 2.00 
0;06 to 0.6 
Not found 

0.24 to 3.50 

"For calculating the risk to off-site receptors, the pathways of exposure were evaluated; see 
Table 7-1'6. The receptors can be ranked according to significance as follows: 

(1) Ingestion of Groundwater 
(2) Ingestion ofFish 
(3) Ingestion of Soil by Children 
(4) External Exposure to Little Bayou Creek 

The risks of the various exposure situations are summarized in Table 7-16. See Tables 7-17 
through 7-24 for risks of the specific situations." 

For ease of reference, Table 7-16 of the Phase I SI is recreated here and titled Table 3.3. The 
primary contaminants identified in groundwater in Tables 7-17 through 7-24 were TCE, arsenic, bis(2-
ethylhexyl)phthalate, 99Tc, 238U, 235U, 234U, 23'Th, and 239PU. 

Table 3~3. Summary of Phase I Site Investigation riskD 

Pathway 
Residential Use of Groundwater: Residential Wells 

Residential Use of Groundwater: Monitoring Wells 

Ingestion of Fish: 
Ponds 
Bayou 
Combined 

Sediment or Soil Ingestion 

Direct Gamma Exposure, Little Bayou, South 
Ingestion of Food: 

Apples 
Deer 

Residential Use<of Groundwater: 
TVA Wells 

Excessive lifetime cancer 
risk 

6 x 10-4 (Chemical) 
5 x 1 O·s (Rad) 

1.8 x 10-4 (Chemical) 
5 x lO's (Rad) 

3 x 10.4 (Chemical) 
I x 10.4 (Chemical) 

3 x 10;6 (Rad) 
1.1 x 10-4 (Chemical) 

2.61 x 10-5 (Rad) 
1.35 x 10-4 (Rad) 

6 x 10.5 (Chemical) 
4 x 10.5 (Chemical) 

45 x 10.5 (Rad) 
3 x 10.5 (Chemical) 

3 x 10-4 (Rad) 
• Fonnerly Table 7-16, "SUMMARY OF RISK" of Phase I SI. Source: CH2M Hill 1991. 
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Fatal cancer risk 
(Rad)* 
2 X 10.5 

2 x 10.5 

3 x 10-6 

1.4 x 10-6 

1.8 x 10;5 

8.5 X 10-5 

1.4 X 10.5 

I x 10,4 

Systemic 
risk 

20 

• 
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3.2.2 Phase II Site Investigation 

3.2.2.1 Scope 

The Phase II SI (CH2M HILL 1992) was conducted from 1'990 through 1991 to further assess the 
natufe, extent, and risk of off-site contamination identified during the Phase I investigation. Phase II field 
activities were conducted in two stages. In Stage A, potential on-site sources were characterized to estimate 
probable limits of the source areas or source-specific contamination, and to identify the nature of releases 
attributable to each source area. The Stage Bactivities included further evaluation of boundary conditions 
of the off-site plume configuration and aquifer characteristics identified during Phase I activities, as well 
as further evaluation of the extent and nature of off-site contamination. Information contained in this 
section was taken fmm Results of the Site Investigation, Phase II at the Paducah Gaseous DiffUSion 
Plant (CH2M HILL l i992). 

The Phase H SI consisted of the following field! activities: 

11. Water level measurements 

2. Geophysical field work 
(a) Geophysical surveys 
(b) Surface radiation survey 

3. Groundwater well installation and development 

4. Aquifer testing 
(a) Slug tests 
(b) Pump tests 

5. Groundwater sampling 
(a) Stage A 
(b) Stage B 

6. Soil sampling 
(a) Stage A 
(b) Stage B 

7. Surface-watef/sediment sampling 
(a) Sediment and surface water 
(b)Outfalls, creeks, tloodplains sediments, and surface water 

8. Double-ring infiltrometer testing 

9. Radiation dose assessment 

10. liest pits 

3~2.2.2 Areas of Investigation 

The areas of investigation varied depending upon the field activities conducted. Areas of investigation 
are ifisted for each -of the individual field activities identified above. 
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Water Level Measurements 

Groundwater level measurements were collected from numerous wells across the PGDP site, screened 
at various depths within three distinct hydrologic units: the Shallow Groundwater System, the Regional 
Groundwater Aquifer, and Deep, Groundwater System. 

Geophysical Field Work 

Geophysical survey. Surface reconnaissance surveys using electromagnetic ground conductivity 
and magnetic techniques were used to delineate the location and distribution of buried waste and scrap at 
select SWMUs. Table 3.4 lists those SWMUs where electromagnetometer and/or magnetometer field 
activities were conducted and the interpretation of the results. 

Table 3A. Location of Phase USI electromagnetometer/magnetometer surveys 

SWMU 
Oil Landfarm (SWMU I) 

Contaminated Burial Yard (SWMU4) 

C-747-A Burial Ground (SWMU 7) and 
C-747-A Bum Area (SWMU 30) 

UF6 Cylinder Drop Test Area (SWMU 91) 

Investigation type Results 
electromagnetometer Three areas indicative of buried wastes or landfarming; 

two areas appear to contain buried metals 

electromagnetometer; Five areas appear indicative of buried wastes. 
magnetometer 

electromagnetometer; Seven areas indicative of buried wastes; scrap metal 
magnetometer located at the surface in some areas. 

magnetometer One area identified which could not be attributed to 
known structures. 

Surface radiation survey. Surface radiation surveys were conducted at select SWMUs and along 
the drainage ditches south of SWMUs 2 and 3 and SWMUs 7 and 30 to identify areas of surface 
radiological contamination, bound the radiologically contaminated' areas, and differentiate beta and gamma 
radiation. Table 3.5 provides a list of those areas where surface radiation suweys were conducted. 

Table 3.5. Location of surface radiation surveys during Phase II SI 

SWMUorAOC 
1 
4 
7 
30 
91, 

Ditches south of SWMUs 2 and 3 
Oitches south.ofSWMUs 7 and 30 

Investigation type 
Gamma walkover survey and beta/gamma measurements 
Gamma walkover survey and beta/gamma measurements 
Gamma walkover survey and beta/gamma measurements 
Gamma walkover survey and beta/gamma measurements 
Gamma walkoveT'Survey and beta/gamma measurements 
Gamma walkover survey and beta/gamma measurements 
Gamma walkover survey and beta/gamma measurements 

GroUl,dwater Well Installation and Developmellt 

Fifty-one monitoring wells were installed and developed .on-site and off-site during the Phase n 
investigation, with one to three wells constructed at each location. The locations were selected to provide 
information about the shallow groundwater system and the RGA. Phase IT SI off-site well locations are shown 
inlFig. 3.3. The soils encountered in the deepest boring at each well cluster location were sampled. Analytical 
results from soil samples collected during well installation were used with other on-site soil data to evaluate 
the effect of potential soilrces on the adjacent soil and groundwater. All wells were sampled and analyzed 
for radionuclides, Target Analyte List (TAL), and Target Compound List (TCL) constituents. Additionally, 
12 wells surrounding the C-404 Burial Area (SWMU 3) were sampled for RCRA Appendix iIX parameters. 
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Aquifer Testing 

Slug tests. Aquifer slug tests were performed to evaluate the hydraulic characteristics of the 
hydrogeologic units underlying the PGDP. Slug tests were conducted on 35 select wells completed during 
Phase II SI activities to assess the screened aquifer unit properties and evaluate the areal distribution of 
permeable zones throughout the site. 

Pump tests. A 72-h-duration pump test of the RGA was conducted on a well installed during the 
Phase n SI. The objectives of the pump test were to obtain data necessary to estimate transmissivity, 
storativity, and hydraulic conductivity of the RGA, obtain data relative to the anisotropy in the RGA, and 
evaluate leakage into the RGA from overlying shallow groundwater system, The pump test well location 
is shown in Fig. 3.4. 

Groundwater Sampling 

Two rounds of groundwater sampling (Stages A and B) were conducted to provide a more complete 
understanding of groundwatetcontamination at a given time and to provide data concerning contaminant 
trends over time. Analytical results from the sampling were also used in estimating the nature and extent 
of contamination and evaluating the potential sources of contamination at the site. 

Soil Sampling 

• 

Twenty-five deep soil borings were d~illed~ near SWMUs and other areas of concern during the 
Phase II SI field activities. Soil samples were also taken from ground surface and from 25 shallow borings. 
Information from the borings was used to evaluate the depth of contamination at SWMUs and AOes. 
Surface soil samples were used to estimate the probable limits of the surface source areas, and to identify the • 
nature of the extent of releases attributable to each source area. Boring and surface soil samples were most 
often taken from the perimeter of the SWMU or Aoe to provide direct indications of surface and subsurface 
migration of mobile contaminants. Surface soil sampling locations at peB spill areas were selected to 
evaluate the extent of contaminant migration and transport through drainage ditches located on-site. 

Surface-Water/Sediment Sampling 

Surface-water samples were collected from outfalls within the PGBP to assess whether existing plant 
discharges (as opposed to past disposal practices) may affect water quality. Sediment samples were collected 
and analyzed to assess the nature and extent of sediment contamination at the PGDP. Figure 3.5 shows the 
locations of surface-water sampling locations and sediment sampling locations during the Phase II SI. 

Double-Ring Infiltrometer Testing 

Double-ring infiltrometer testing was conducted at five units: SWMUs 1, 2, 4, 7, 30, and 9:1. The 
test was performed to estimate the infiltration rate of the soil overlaying the waste cells at these units. 
Infiltrometer test data, used in conjunction with data collected from soil sampling and groundwater sampling, 
were used in estimating the potential quantity of rainfall percolation in the waste, and the volume of 
'leachate which may be produced from the waste cells. The test results were also used to evaluate the 
effectiveness of any soil caps or covers placed over the respective waste cell'. 

Radiation Dose Assessment 

Using data obtained during a radiation walkover survey conducted' in 1990, a detailed radiological • 
dose assessment was conducted in 1991 to characterize the radiation exposure distribution within the banks 
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of Bayou Creek and Little Bayou Creek. The specific objectives were to provide accurate, time-integrated 
radiation dose rate data from along the creek beds and to provide specific dose information on the 
relative extent of the contamination in the creek banks. 

Test Pits 

A total of four <test pits were excavated with a tracked backhoe at SWMUs 7 and 30 to evaluate the 
presence of drums or other containers of buried wastes. Data collected from the electromagnetic terrain 
conductivity .and magnetometer surface geophysical surveys were used to locate the excavations. Test 
pits were excavated from 1.5 to 3.0 m~5 to 10 ft) deep, and: were terminated when groundwater was 
encountered. Locations of the test pits are shown in Fig. 3.6. 

3.2.2.3 Investigation ,methods 

Water LevelMeasurements 

Water level data were collected from 61 of the scheduled 76 groundwater wells; access arrangements 
from :n TVA wells could not !be obtained in time for measurements, MWs 69 and 153 were dry, and 
MW27 could not be located. Water level measurements, were taken with an electronic water level meter, 
measuring from the top of the datum index. 

Geophysical Field Work 

Geophysical, survey. Instruments used in the field investigations included a Geonics™ Model EM31 
ground conductivity meter to collect the electrornagnetometer data, and a GEWM rnagnetometer/gradiometer 
for the magnetic investigation. Each of the areas was plotted into a6- by J-m (20- by IO-ft) grid, with 
data recorded in field :logs. 

Surface ,radiation survey. A IS-by 1.5-m(50- by 5-ft) grid coordinate system was developed over 
each Of the survey areas. Low.:levelgamma radiation surveys were conducted using an SPA-3 to 
determine the location of elevated gamma readings. SWMUs 1, 7, and 30 were surveyed, with areas of 
elevated count marked with pin flags, and shielded/unshielded GMTM detector measurements were then 
taken. At other locations where the ,background gamma, radiation was elevated due ,to gamma radiation 
emanating from nearby sources, such as the uranium cylinder storage yards, point measurements were 
generally taken at 8-m (25-ft) intervals with a cone shield. 

Point shielded and unshielded GMTM detector measurements were taken: at the four grid corners at 
eachSWMU. Additionally, biased point measurements were ,taken at locations where elevated readings 
were identified during the gamma walkover survey. Measurements were taken using thin-window GMTM 
detectors and portable ESP-l and PRS-l count rate meters. 

Groundwater Well Illstallation alld Development 

Two stages of groundwater installation and development occurred during the Phase II SI field 
activities. The ,objective of Stage A was to .characterize on-site sources of contamination; 35 groundwater 
monitoring wells were installed on-site and adjacent to SWMUs. The objective of the Stage B well 
installation activities was to further define the vertical and lateral extent of the TeE and 99Tcplumes by 
characterizing the water quality downgradient ·of the PGDP. The target of the Stage A and Stage B well 
installation was the shallow groundwater system of the Upper Continental Deposits and the deep groundwater 
of the RGA. Groundwater welli ,boreholes were drilled using hollow stemmed augers. All boreholes were 
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logged in the field, and soil samples were collected from ,the deepest 'borehoie at each well' group location. 
Each groundwater monitoring well was developed prior to sampling.. 

Aquifer Testing 

Slug tests. Slug tests were conducted hy measuring the rate of water level recovery after it had been 
lowered by either pressurized gas or a solid slug. With the gas method, the water level in a well was 
lowered by attaching a manifold to a well head and, using pressured, nitrogen gas,displacing water from 
the well screen. Releasing the pressure with a valve allowed groundwater to flow back in to the well; the 
rate at which the water level rose within the well was recorded, providing data about the aquifer 
hydraulic properties. With the second method, a solid slug was lowered into the well, partially displacing 
water upward, higher in the well casing. The water level in the wen was observed and measured until it 
returned to pre-test levels. After the water level stabilized, the slug was quickly removed from the well, 
and the rate of water level rise in the well was recorded. 

Pump tests. The pumping well, located north of the process buildings in an area just west ofthe C-537 
Switchyard (SWMU 85), was constructed to be a fully penetrating well, and eight observations wells 
(five in the RGA and three in the shallow groundwater systems) were constructed nearby to observe 
drawdown in both the stressed aquifer and the overlying units. Following a step rate test to detennine the 
specific capacity of the well, the pumped well was stressed at approximately 92 gal/min for the duration 
of the test. Multichannel data loggers were used ,to record piezometric pressure in observation and 
monitoring wells during the test and for several days prior to and following. 

Groundwater Sampling 

Stage A. One round of samples was collected from on-site plant wells, all wells installed in the • 
Phase I and Phase II SIs, and selected TV A and residential wells. Existing plant monitoring wells that 
had been sampled during Phase I were re-sampled to provide a more complete understanding of 
groundwater contamination at the given time, and to provide data concerning trends over time. The 
residential wells sampled include those in which contaminants had previously been detected. Samples 
were analyzed' for Target Analytical List (TAL), Target Compound List (TeL), and radionuclides. 
Additionally, water samples from eight select wells were analyzed for general water quality parameters. 

Stage B. A second round· of sampling and analysis was conducted on the 51 groundwater monitoring 
wells installed for the Phase II SI as a confirmatory sampling event. These samples were analyzed for 
TCL organic, TAL inorganics, andradionuclides from filtered aliquots. Also, samples were collected 
from Phase lSI well clusters 2, 7, 1,2, and 13 to be analyzed for TCE and 99Tc. 

Soil Sampling 

Twenty-five deep soil borings (12 to 38 m, 40 to 125 ft, deep)were drilled during the Phase n SI. At 
suspected spill' sites, borings were drilled to depths of approximately 21 m (70 ft), or to about 3 m (1'0 ft) 
of the RGA. Additional borings were drilled to just above the water table [approximately 112 m, 40 ft, 
below ground surface (bgs)]. Three borings extended through the RGA for stratigraphic control. The 
borings conducted near burial areas were conducted' so the boring did not extend through the waste mass; 
these borings were intended ,to evaluate whether or not contaminants were migrating from the SWMUs. 

Surface-Water/Sediment Sampling 

Where sediment was present for collection, samples were taken at the same locations as surface-water 
samples to allow comparison of contaminants. Sediment samples were also collected from locations 
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along Little Bayou Creek, Bayou Creek, and the NSDD. Sediment samples were collected from the 
outfall structure sediment traps to confinn contamination reported by earlier studies. 

Additionally, samples of sediment deposited in the floodplains of Bayou and Little Bayou Creeks 
during high water events were also collected and analyzed. Preference was given to sampling floodplain 
deposits in .areas used for crop production. 

Double-Rillg Infiltrometer Testing 

Double-ring infiltrometer tests were perfonned in general accordance with AS'FM~D-3385, "Infiltration 
Rate of Soil inField Using Double·Ring lnfiltrometers." The results of the infiltrometer testing are 
provided in Table 3.6. 

Table 3.6. Results of double ring infiltronieter testing during Phase II SI 

SWMU 
1 
2 
4 
7 

30 
Background 

Radiatioll Dose Assessment 

Infiltration rate range, em/sec 
2 X to""" -4 X 10-6 
5 X 10-6 - 2 x 1 0~6 

5 x 10-6 - < 3 x 10-6 
2 x 10-3 

- < 2 x 10-6 

1 X fO""" - < 2 xJ10-6 
2 x 10-5 - < 2 x 10-6 

This study used thennoluminescent dosimeters (TLDs) to measure background'radiation levels, as 
well as dose levels from suspected contamination areas. Approximately 150 TLDs were placed along the 
creeks to collect dosage data throughout the majority of the stream reaches where contamination was 
known or suspected to exist. The TLDs were left in place over a 3-month period to collect site-specific dose 
data and' reduce uncertainties caused by short-tenn fluctuations in ambient or background dose rates. 

Test Pits 

During the excavations, a clean access road was provided for a track hoe to approach the test pit 
area. Spoils pads were constructedl near the excavations to contain excavated materials. 

Test Pit 1 (TP-I) was located' in the southeast comer of SWMU 30, north of the clean road. This 
location was selected due to a magnetic geophysical anomaly in the area. The excavation log indicated 
the presence of railroad rails at 1.11 m (3.5 ft) bgs, and bum ash with wood and metal at a' depth of 
approximately 1.2 to 1.5 m (4 to 5 ft) bgs. Radiological survey indicated 400, to 500cpm beta/gamma 
counts on the excavated materials. 

'Fest Pit 2 (lfP-2) was located inthe northeast quadrant of SWMU 30, approximately 31 m (100 ft) 
west of MW 66. This location was selected due to a large magnetic geophysical anomaly in the area. The 
pit was excavated in a north-south line. The excavation log indicated rebar and' metal shavings 
encountered at 0.6 to 1.2 m~2 t04 ft) bgs, bum ash and solid cinder ash at k2 to 1.5 m (4 to 5 ft) bgs, 
and railroad railing at the 1.5- to 2.I-m (5- to 7-ft) depth interval. Radiologicall surveys conducted on the 
excavated materials indicated 150 to 400 cpm beta/gamma contamination. Groundwater was encountered 
at approximately 2.1 m (7 ft) bgs. 

00-001 (doc )108240 1 3-19 



Test Pit 3 (TP-3) was located in the northwestern quadrant of SWMU 7, in an area suspected to 
contain contaminated non-combustible scrap. This location was selected due to large geophysical anomalies in 
the area. The original pit location was moved 3 m(l'O ft) to the east to,excavate a slope assumed to be the 
cover for the burial area. The excavation log indicated the presence of uranium salt in the 0- to 0.6m (0-
to 2-ft) depth interval; metal strips, wire, and wood debris in the 0.6 to 1.5 m (2- to 5-ft) depth interval; 
waste metal, wood, drum pieces, metal pipe, and, oily material with a notable petroleum odor in the 1.5-
to J.8-m (5- to 6-ft) depth interval; no notable materials in the 1.8- to 2.4-m (6- to 8-ft) depth intefVal, but 
high radiological readings; and at the 2.4- to 3.0-m (8- to IO-ft) depth interval, groundwater with a black 
oily sheen on the surface was encountered. A radiological survey of the excavated material indicated 
beta/gamma readings as high as 7,900 in the excavated materials. 

A decision was made to excavate Test Pit 5 (TP-5) instead of the proposed Test Pit 4 (TP-4) due to 
extenuating circumstances. Test Pit 5 was located in the southwest quadrant of SWMU 7. This location 
was selected due to large magnetic geophysical anomalies in the area. A radiological survey of green and 
yellow salt material noticeable on the ground surface indicated in excess of 200,000 cpm beta/gamma 
readings. The excavation log indicated the .presence of green saIts in the 0- to 0.6-m (0- to 2-ft) depth 
interval, and buried drums at the 0.6- to 1.2-m (2- to 4-ft) depth interval. Groundwater was detected at the 
1.2- to l.5-m (4- to 5-ft) depth interval. At least six drums were uncovered during the excavation 
activities. Two drums were removed, and .placed in overpacks; the remaining drums were left in the pit. 
A radiological survey of the excavated materials indicated beta/gamma readings as high as 40,000 cpm in 
the subsurface materials. 

All excavated material' was returned to the test pits, and clean fill material was used to cover the test 
pit areas. 

3.2.2.4 Geology/Hydrogeology 

Deep soil borings and groundwater monitoring wells installed dUBng the Phase II SI provided 
information of the on-:site stratigraphy at the PGDP. In general, well borehole logs generally correlated 
with the borehole logs collected during the Phase I investigation. 

The first 1'5 to 23 m (50 to 75 ft) of deposits contain the shallow groundwater system within the 
relatively permeable sands and occasional gravels of the Upper Continental Deposits. Site stratigraphy 
consisted of 0 to 1.8 m (0 to 6 ft) of fill underlain by approximately 4.6 to 7.6 m (15 to 25 ft) of lean clay, 
underlain by alternating layers of sands (typically less than 1.5 m, 5 ft, thick) and up to 18 m (60 ft) of 
clayey sands or sandy clays. The boring logs revealed an uppermost stratigraphic unit consisting of a' clay 
and clayey sand underlain by a silty clay. This two-part unit can be up to 11 m ,(35 ft) thick and is 
underlain by what is interpreted as the Upper Continental Deposits. 

The Upper Continental Deposits consist of alternating layers of sand and clay or clayey sand with 
thin 'layers of angular to sub angular gravel. The total i depth to the bottom of the Upper Continental 
Deposits was detetmined to be 11 to 20 m (35 to 65 ft). In genera}: the Upper Continental Deposits were 
determined to contain the shallow groundwater system. Data collected during the Phase II suggested that 
the flow gradient within the shallow groundwater system is predominantly vertical to the RGA. 

The Upper Continental Deposits were noted to be underlain by the Lower Continental Deposits, 
consisting of gravel with varying amounts of non-cohesive silt and sand. 'fhe Lower Continental Deposits 
contain the RGA. Typically, there were approximately 0.6 to n m (2 to 35 ft) of loose sands directly 
above the RGA. These sands appeared to be in hydraulic connection with the RGA.The RGA, identified by 
loose sands and gravels was encountered consistently at depths between 1'5 and 24 m (50 and 80 ft) bgs. 
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The base of the gravel aquifer was established, underlain by a· fine grained sand and sandy lean clay,and 
a lean clay across the site. From data collected during the Phase II, it appeared that groundwater flowed 
nonh across most of the plant. Data also indicate that water level elevations within the Ohio River influence 
water levels in the RGA at or near the river, and gradients in these areas ,are upward into the shallow 
groundwater system. Groundwater flow velocities in the RGA were calculated to range from 4.2 x 10-8 to 
8.54 x to·Scmls. 

The Lower Continental Deposits were detennined to be underlain by the Porters Creek Clay, the 
McNairy Formation, and Eocene Sands across ,the site. A small downward gradient from the RGA to the deep 
groundwater system was noted, suggesting vertical connecti¥ity. According to available hydraulic gradient 
and conductivity data, groundwater flow rates in the deep groundwater system ranged from 4.64 x 110.11 

to 4.64 X 10.5 cmls. 

3.2.2.5 Nature and extent of contamination 

Soil 

The evaluation of chemical and radiological contaminant distribution in the off-site soils indicated 
that metals concentrations were within a range of common values. Further, no pattern of off-site 
radiologicali contamination was apparent. 

Groundwater 

Off-site groundwatef contamination was detennined to consist primarily of TCE and 99Tc plumes 
within the RGA, although contamination within the shallow groundwater system has also occurred. The 
deep aquifer system (i.e., McNairy Fonnation) was generally free of contamination, although trace 
amounts of petroleum products and 99Tc were reponed. Both TCE and 99Tc are mobile in groundwater 
and were detennined to be migrating from the plant from several source areas. 

The presence of TCE as a dense, nonaqueous-phase liquid (DNAPL) was inferred in two locations 
on-site: the C-400 TCE SpiN Site and the Cylinder Drop Test Area (SWMU9l). 'Fhe occurrence of 
DNAPL was also suspected to be pfesent at the C-747-A Burial Ground. 

Surface-Water alld Sediment 

Chemical' and radiological contamination associated with the PGDP was detected I in Little Bayou 
Creek and the NSDDin both the surface water and sediment. Contaminants included uranium and PCBs. 

3.2.3 WAG 6 

3.2.3.1 Overview of WAG 6 

The WAG 6 Rl focused upon fiveSWMUs associated with theC-400 Cleaning Building processes 
and included a general Site Evaluation of the C-400 Building area. Infonnation contained in this section 
was compiled from the Remedial Investigation Report for Waste Area Grouping 6 at the Paducah 
Gaseous Diffusion Plant (DOE 1999a). These SWMUs were grouped together as suspected sources of 
off-site groundwater contamination by TCE and 991'c that were expected to be addressed collectively. 
Table 3.7 lists the specific SWMUs targeted by the WAG 6 project. 
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Table 3.7. The SMWUs of WAG 6 

SWMU 
11 
26 
40 
47 
203 

PGDP facility number 
C-400 

not applicable 
C-403 
C-400 
C-400 

Description 
Trichloroethene LeakSite 
C-400 to C-404 Underground Transfer Line 
Neutralization Pit 
Technetium Storage Tank Area 
C-400 Waste Discard Sump 

The C-400 Building is located near the center ·of ,the PGDP fenced security area. In addition to the 
immediate C-400 area, the WAG 6 RI characterized the SWMU 26 corridor, extending west from C-400 
along Virginia Avenue to the C-404 Radioactive Waste Burial Area~ and' confirmed the occurrence of a 
C-400 groundwater contaminant plume extending to itheeast, in the area south of the C-335 and' C-337 
Process Buildings. Figure 3.7 shows the location of the area addressed by the W AG6 RI as it relates to 
the PGDP groundwater contamination plumes. 

3.23.2 SWMU ll-C-400 Trichloroethene LeakSite 

Location 

'The C-400 Trichloroethene Leak Site consists principally of TCE-contaminated soil along the I 11th Street 
storm sewer near the southeast comer of the C-400 Building. Figure 3.8 is a map of the SWMtJ II area. 

Setting 

• 

SWMU II is located in a graveled lot, measuring 12.2 m (40 ft) wide and 36,6 m (120 ft) long, • 
located between 11 th Street and the east-side C-400 Building security fence. An access road to the C-400 
Building office parking lot and a paved truck unloading dock bound the SWMU to the north and south, 
respectively. 

Surface-water hydrology, wetlands, and floodplains. Surface drainage is routed through storm 
sewers ,to the Outfall 008 effluent ditch, which empties into Bayou Creek on the west side of the plant. 
There are no streams, wetlands, or 100-year floodplain areas within SWMU 11. 

Biological resources. The C-400 Trichloroethene Leak Site is maintained as a graveled lot that is 
nearly devoid of vegetation. This setting does not provide critical habitat for T &E species ,of plant or animal. 

Soils and prime farmland. The soils of SWMU 11 are Calloway series silt loams, with a shallow 
fragipan. However, construction and maintenance activities and the excavation and placement of backfill 
in the C-400 TCE Leak Site have heavily disturbed the original soil' structure. 

Underground utilities. ~he Ilth Street storm sewer, at a depth of approximately 4.0 m (13 ft) bgs, 
is the primary utility of interest. A utilities corridor containing aconrtector pipe between the storm sewer 
and a C-400 Building basement sump, a sanitary water line, and a sanitary sewer pipe, underlies the north 
boundary ofSWMU 11. Electrical service lines cross the IlthStreet storm sewer in the vicinityofMWli57. 

Manu!acturillglTSD Processes 

A basement sump for the nearby C-400 Building TCE degreaser inadvertently discharged leaks and 
spiUs ofTCE, along with wastewater, to the storm sewer line. Before the discovery of the TCE Ileak, it 
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was thought that the basement sump discharged to the C-403 Neutralization Pit. Although the actual 
duration of the leak is unknown, it is believed that TCE may have been discharged to the storm sewer 
from the early 1950s until the discovery of the leak in '1986. 

Previous Remedial Action 

An excavation along the 11 thStreet storm sewer in June 1986, to connect a discharge line from a 
truck-unloading-dock containment sump, revealed the TeE-contaminated soils. Once the leak was 
discovered, the DOE routed the basement sump discharge line into 208-liter (55-gal) drums and excavated: 
an area measuring approximately 6.1 m (20 ft) wide (east to west) by 12.2 m,(40 ft)long (north to south). 
A 3.0 m (,liO ft);.wide trench, centered on the storm sewer, was dug 4.9 m (16 ft~ deep to expose the storm 
sewer. The remainder of the excavation was 2.,11 m (7 ft) deep. Analysis of soi'll samplescollectedi adjacent 
to and below the storm sewer line revealed TCE concentrations as great as 7,000 mg/kg (ppm). Some 
contaminated soil is known to have been left in place because of concerns for the structural integrity of 
11 th Street and the TCE Tank Pad, located between the spill site and' the C-400 Building. The DOE 
backfilled the excavation with clean soil and capped the area with a layer of clay. Approximately 8.8 m3 

(HO fe)of TCE-contaminated soils was drummed for off-site disposal. 

Summary of previous investigatiOlls 

Analyses of soil and water samples of the C-400 Trichloroethene Leak Site are derived from three 
separate investigations, in addition to the routine Environmental Surveillance program. 

After the initial discovery of the TCE leak, the DOE had four soil borings drilled adjacent to the 
excavation area to better define the lateral and: vertical extent of soil contamination. The samples 
revealed that soil contamination existed along the storm sewer, to depths of 6.7 and 8.5 m (22 and' 28 ft), 
but not east of 11 th Street. 

The Phase I and Phase IT .SIs (1989 through 1991) included the C-400 I:richloroethene Leak Site. As part 
of the SIs, soil boring H007 and MW155 (basal RGA well), MW156 (upper RGA well), and MW157 (!VCRS 
well) were installed in the SWMV 11 area. Soil samples from boring H007 contained TCE at detectable 
concentrations throughout the sample interval [1.2 to 28.3 m (4 to 93 ft)] bgs with, the highest levels, 220 Jlglkg, 
occurring from 16.8to 18.3 m(55 to 60 ft) bgs. Technetium-99 was detected in the 3.0- to 4.6-m ('1'0- to 15-ft) 
bgs sample at 6;.6 pCi/g. No other compounds or analytes were detected in any of the samples. Dissolved 
TeE 'levels were highest in groundwater samples from the VCRS well, up to 890,000 Jlg/L, and .declined 
with depth, 360;000 Jlg/L in the upper RGA and 2,000 IJlg/L in the basal RGA. 

The W AG6 RI characterized soil' contamination in the immediate C-400 'Frichloroethene Leak Site 
vicinity with nine soilborings 'located adjacent to the utility pipelines and sampled at the depth of the 
utilities, one area soil boring drilled to 7.6 m (25 ft) depth, and three other area soil borings completed to 
114;6 m (48 ft) depth. The soil analyses revealed that TeE levels of 10,000 to 15,000 Jlglkg were common 
along the utility lines and that concentrations as high as 8,208,600 Jlgikg remained Ibelow the 'leak site at 
a depth of9.8m (32 ft) bgs. 

To furthef characterize deeper contamination, the W AG6 RI collected water samples of the RGA 
from MWs 155 and 156 and soil and water samples of the RGA and McNairy from two nearby soil 
borings. Dissolved TCE levels remain highest in the upper RGA beneath SWMV 11. 
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Sources of Data 

As described in the previQus section, a number of investigations have targeted the SWMU 11 area. 
Of these investigations, the WAG 6 R:I provides the most comprehensive characterization of the area. 
Figure 3.9 shows the location of area boreholes, wells, and piezometers. 

GeologynIydrogeology 

Where undisturbed, the shallow sediments consist of silt with clay (HUI) to a depth of 8.5 m (28 ft). 
In the area of the SWMU 11 excavated soils, the backfill is composed of sand overlain by 2.4 m (8 ft) of 
clayey silt. From 8.5 m (28 ft) to 12.5 m (41ft) bgs, interbedded sand and gravel lenses with lesser silt and 
clay beds make up the HU2 member. This, in tum, is underlain by clayey silt (HU3 )to a depth of 16.5 m 
(54 ft) bgs. Area borings have shown that the 003 becomes very sandy locally. 

Coarse sand and gravel units of the 004 and HU5 members (RGA) occur from 16.5 m (54 ft) to 
28.0 m (92 ft) bgs at the C-400 Trichloroethene Leak Site. These sediments overlie interbedded fine to 
medium sand and clay of the McNairy Formation. 

The water table in the VCRS is approximately 11.3 m (37ft) bgs in the SWMU 11 area. An anomaly 
occurs in the immediate vicinity ofMW157 where the water table typically is elevated to 9.3 m (30 ft) bgs. 
As measured in MWs 155 and 156, the hydraulic potential of the RGA averages 15.5 m (51 ft) bgs. Thus, a 
vertical hydraulic gradient of approximately 1 exists across the 003 interval over most of SWMU 11. 

The strong vertical gradient across the HU3 member allows little lateral flow of shallow groundwater 
to occur. Once in the RGA, however, groundwater flow is predominately lateral to the northwest from 
SWMU 11. 

Nature alld ExtelJt of ColJtam ill atioll 

The primary contaminant associated with SWMU 11 is 'FCE. Trichloroethene levels of up to 
8,208,600 Ilg/kg were detected in the .soils below the backfill of the former excavation. These 
concentrations are indicative of the presence ofDNAPL. High contaminant levels in the soils adjacent to 
the storm sewer to the south of the excavation area suggest DNAPL has spread in that direction through 
the pipeline bedding. 

The WAG 6 Rldiscovered another area leak site associated with a former TCE unloading pump. 
The subsmface area impacted by these two leak sites merge to fonn a single large DNAPL zone off the 
southeast comer of the C-400 Cleaning Building with over 464.5 m2 (5,000 ft2) in area in the UCRS. 
High dissolved-phase TeE levels in the RGA to the southeast .of the C-400 Building indicate DNAPL has 
migrated into the RGA from these UCRS source areas. 

Polyaromatic hydrocarbons (PARs) and 99Tc were the only other contaminants found in SWMlJ 11 
above the RI reference levels. There was no systematic distribution of these contaminants that suggested 
that SWMU 11 was the source. 

Fate alld Trallsport 

The SWMU ,H' area is a graveled lot with stonn sewers that collect surface runoff. Therefore, the 
primary exposure route for contaminants to reach a receptor was modeled as the RGA. In the model', soil 
contaminants leach to groundwater and migrate off-site as dissolved contamination in the RGA. Both the 
distribution of TCE and the location of potential sources of TCE suggested at least two distinct release 
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points in the southeast C-400 sector. In the conceptual model of the TCE sources, TCE was distributed 
along the entire length of the SWMU 11 stonn sewer within the sector. In addition, the RI sample • 
analyses defined a distinct TCE source associated with a TCEoff...:loading pump station. The modeled ' 
TCEsource tenn for the UCRS in the southeast C-400 sector was a combined volume of both sources. A 
TCE degradation product, vinyl chloride, was included in the source tenn. 

. Based on the one available surface soil sample, the RI identified the PCB Aroclor-I262 and 
phenanthrene as contaminants in surface soils. Within the VCRS, 237Np was identified as an area-wide 
subsurface soil contaminant, whereas 239pU was a subsurface soil contaminant only in the area of the TCE 
spil1'.Several other organic compounds and chromium were found associated with one soil boring within the 
VCRS DNAPL source zone. Ifable 3.8 summarizes the model results for the southeast C-400 sector. 

Table 3.8. Fate and transport modeling results for the SWMU n area 

Plant fence Pro~erty boundary 
Max cone. Time Max cone. Time 

Constituent (mWL) (~CI/L) b:ear) (mWL) (~Ci/L) (~ear) 

Sur/ace 
PCB O.OOE+OO 10,000 O.OOE+OO 10,000 
Phenanthrene 6.34E-07 7,559 4.03E-07 7,979 

Subsurface 
1 , 1-Dichloroethene 4.l4E-03 62 2.50E~03 67 
Carbon Tetrachloride 4.87E-04 386 2.94E-04 406 
Phenanthrene 6.36E-06 10,280 3.89E-06 10,830 
Tetrachloroethene 6.44E-04 285 3. 89E-04 298 
Trichloroethene 5.00E+Ol 105 3.17E+Ol 112 
Vinyl Chloride 1.14E-03 54 7.27E-04 61 
Chromium" 2.69E-53 10,000 O.OOE+OO NA 
237Np 1.47E-06 455 9.08E-07 497 
239pU 1.22E-08 10,200 7.00E-09 11 1,960 
a Chromium did not reach amaximum.during the model runs. 

The C-400Cleaning Building, in general, and the southeast comer of C-400, in particular, is the source 
of a large DNAPL zone in the RGA. This DNAPL zone is the principal source of one large dissolved-phase 
plume of TCEknown as the Northwest Plume and a contributor to another large dissolved-phase plume of 
TCE known as the Northeast Plume. The Northwest Plume monitoring results, spanning 10 years, and the 
vast extent of the Northwest Plume suggest the Northwest Plume has been developed fully for decades. Thus, 
transport modeling was not required to assess levels of contaminant exposure from the RGA DNAPL zone. 

3.2.3.3 SWMU 26-C-400 to C-404 Underground Transfer Line 

Locatio" 

The C-400 to C-404 Underground Transfer Line is located approximately 18.3 m (60 ft) north of 
Virginia Avenue, between the C-400 Cleaning Building and the C-404 Radioactive Waste Burial Area. 
Figure 3.1iO is a map showing the trace of the pipeline and other features in the vicinity of SWMU 26. 

• 

Feeder lines extend north from the C-403 Neutralization Pit (SWMU 40) and the Waste Discard Pit 
(SWMU 203) to join with the Transfer Line. The Transfer Line parallels Virginia Avenue for a distance • 
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of approximately 410 m (1,350 ft), at depths of'0~9 to 1.5 m (3 to 5 ft). As the Transfer Line passes under 
the rail spur located east of C-404, the line deviates to the northwest to meet C-404 on its east side. The • 
DOE maintains most of the areas overlying the pipeline as nearly level, grassed plots. 

Surface-water hydrology, wetlands, and floodplains. North ofC-400, the Transfer Line lies adjacent 
to the NSDD. Flow is routed north in the NSDD,to discharge to Little Bayou Creek near the north DOE 
propenyboundary. However, west of 10th Street, theTransfer Line parallels a roadside drainage ditch of 
the 015 Outfall effluent ditch system. The effluent of the 015 Outfall empties into Bayou Creek on the 
west side of the plant. Neither of the ditches, where they are adjacent to SWMU 26, is included in 
wetlands or a 100-year floodplain. 

Biological resources. SWMU 26 is maintained as mowed grass lots within the PGDP security-fenced 
area. Vegetation is limited to fescue grasses. This setting does not provide critical :habitat for T &E species 
of plant or animal. 

Soils and, prime farmland. The Transfer Line is buried in Henry Silt Loam~ These soils ~ically 
develop a shallow fragipanat depths of 0.5 to 1.8 m (1.5 to 6 ft~. Construction and maintenance activities 
have disrupted the original soil profiles across most of the PGDP site, including SWMU 26. Hence, the 
site contains no prime farmland. 

Underground utilities. The only utility of significance in the area of SWMU 26 is the Transfer Line, 
itself. Little is known about the construction characteristics of the Transfer Line. Available documentation 
of the pipe material provides conflicting information. The pipe material was reported as being 1:5.2-cm 
(6-in.) vitrified clay pipe and 1O.2-cm (4-in.) iron pipe with leaded points. Excavation of a small section 
of the pipe in 1998 showed to pipe to be made of metal, probably iron, 

Manufactur;"gITSD Processes 

Between 1'952 and [957, the Transfer Line conveyed liquid effluent from the C-403 Neutralization Pit 
(SWMU 40) and Waste Discard Sump (SWMU 203) to the C-404 Radioactive Waste Burial Area. Blueprints 
document the location offeeder lines that extend north from the C-400 Buildingto the 'FransferLine. Pumps in 
the C-403 Neutralization Pit and the Waste Discard Sump pressurized the system during.discharge periods. 

With the development of treatment facilities within the C-400 Building, the Transfer Line was 
abandoned in ,1:957. At that time, effluent from the C-403 Neutralization Pit and the Waste Discard Sump 
was allowed to discharge to the NSDD~ No spills or releases associated with the Transfer Line have been 
documented or are known. 

Summary of Previous Investigations 

The Phase II SI (J!990 through 19911) sampled shallow soil's at six locations in the vicinity of the 
Transfer Line. The soil analyses revealed the presence of pentachlorophenol and several metals above 
reference values. Prior to the WAG 6 Rl, the only data available for assessment of the historical pipeline 
contents were samples from the C-403 Neutralization Pit and the Waste Discard Sump. These analyses 
suggested that TCE, PCBs, and radionuclides also may be chemicals of concern. 

To assess the Transfer Line, the WAG 6 Rl sampled surface soils and subsurface soils immediately 
'below the pipeline in 15 locations. In addition, samples of the sludge remaining in ,the pipeline were 

• 

collected from a break in the east end of the line where the previous C-40J feeder line crossed the NSDD. • 
Figure 3.11 maps the sample locations related to SWMU 26. 
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The sample results identify the east end break in the pipeline to be an impacted area. Metals and 
radionuclides with elevated levels in the soils collected .directly beneath the pipeline match the contents 
of the pipe sludge. 'PCBs were also found in the subsurface soil samples from the east end break. Both 
elevated radionuclide levels and VOCs were found in soil samples taken from along the far west end of 
the Transfer Line. These contaminants may be related either to the pipeline or to the C-404 Radioactive 
Waste Burial Area. The only indication of potential 'leakage along the main length of the pipeline was 
low levels of VOCs and SVOCs in the subsurface soils. 

Sources of Data 

The Phase II SI and WAG 6 Rl afford the only contaminant characterization data for area soils as 
well as the best description of the SWMU 26 geologylhydrogeologysetting. Figure 3.11 is a map of area 
sample locations. 

Geologymydrogeology 

Clayey silt loess deposits. (HV1) underlie SWMU 26 to a depth of 5.5 to 8.2 m (18 ,to 27 ft) bgs. 
Overall, the HU2 interval is relatively uniform in thickness (6.1 ml20 ft) and depth [over the interval of 
6.1 to 12.2 m (20 to 40 ftn bgs. The HU2 sediments are composed predominately of gravel and sand 
lenses with minor silt and clay interbeds. In contrast, theHV3 interval thickness varies significantly [1.5 to 
6.4 m (5 to 21 ft)], depending upon the elevation of the underlying HV4 horizon. Silty clay and silty sand 
make up the HU3 sediments. 

• 

The HU4 and HU5 sediments beneath the Transfer Line uniformly grade downward from a silty 
sand in the HV4 interval to sandy gravel and gravely sand in the HV5 interval. These coarse-grained 
deposits overlie the McNairy Formation with its typical interbeds of sandy silt, clayey silt, and fine sand. • 

The depth-to-water of the UCRS water table varies significantly across the length of the Transfer 
Line. On the north end of the C-400Building, depth-to-water ranges typically between 9.1 and 12.2 m 
(30 and 40 ft). A steep rise in the water table occurs immediately west of the C-400 Building, reflecting a 
more effective HV3 barrier to vertical flow. The depth of the water table west of C-400 is approximately 
3.7 m (12 ft). 

Vertical gradients across the UCRSin the vicinity of SWMU 26 typically range hetween 1 and 2. Thus, 
there exists a significant vertical (downward) component of.flow in the VCRS. Once in the RGA, groundwater: 
flow is predominately lateral. The orientation of groundwater contaminant plumes indicates that RGA 
groundwater flow bifurcates beneath the C-400 Cleaning Building. On the east end of the Transfer Line, 
groundwater flow is eastward, while flow from the northwest comer of the C-400' Building is to the northwest. 
Near the C-404 Radioactive Waste Burial Area, groundwater flow in the RGA is predominately west. 

Nature and Extellt of Contamination 

In general, area surface soils near the C-400 Building were found to be contaminated with trace levels 
of semi volatile organic analytes (SVOAs) and four radionuclides. These contaminants appeared to be 
unrelated to a release from the Transfer Line. Subsutface soil samples taken .along the pipeline commonly 
contained low levels of toluene ~up to 320 J.lglkg), TCE (maximum of 34 J.lg!kg), and cis-lt,2-dichloroethene 
(cis,I-2,-DCE) (as much as 15 J.lg!kg) , as well as several radionuclides that only slightly exceeded the RI 
reference levels. The two detections of PCBs, 32 mg/kg PCB-1254 and 63 mglkg PCB-1260, were from 
pipeline subsurface soils. 
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The uranium isotopes 234U (7 pCi/g~ and 238U (53.2 pCi/g) were found in soils from the western end 
of the pipeline. A break on the eastern end of the pipeline is also a site of elevated soil contaminants. The 
subsurface soil contaminants copper (390J,lglk.g), nickel (467 Ilglkg), 99Tc (265 pCi/g), 234U (28.2 pCi/g), 
and 238U (36.5 pCi/g) from the east end soils match contaminants found in the pipeline sludge. 

Fate and Transport 

The primary sources of contamination for the C-400 to C-404 Underground Transfer Line were 
modeled as subsurface releases. Contaminants have infiltrated the soil surr:ounding the line. The 
contaminants in soil have impacted the groundwater via further infiltration and percolation and are 
migrating off-site through the RGA. Fate ,and' transport modeling of the Transfer Line for ,the WAG 6 Rl 
simulated! three source zones: an east end source associated with the break in the pipeline, the central 
maintrunkline, and the west end of the pipeline adjacent to the C-404 Radioactive Waste Burial Area. 
Table 3.9 presents a summary of the model results for the SWMU 26 area. 

'Fable 3.9. Fate and transport modeling results for the SWMU 26 area 

Plant fence Propel7tyboundary 
Max conc. Time Max conc. T:ime 

Constituent (mgll) (pCVL) (year) (mglL) (pCi/L) (year) 
Surface 

Phenanthrene 9.92E-06 7,560 7.29E-06 7,9S0 
237Np 2.16E-07 320 1.50E-07 359 
~39pU 3.40E-09 10,200 2.30E-09 II,SOO 
99Tc 9.24E-07 2,090 6.6IE-07 2,340 
238U 1.03E-07 5,160 7.37E-OS 5,9S0 

Subsurface 
2,4'-Dinitrotoluenc I.D7E-OI 47 3.73E-02 50 
Phenanthrene 5.40E-OS .IO,SOO 3.63E-05 10,SOO 
Chromium" I.S9E-26 '10,000 O:OOE+OO NA 
Copper 4.00E-01 9,S05 2.56E-01 11,100 
Nickel 1.25E-02 9,814 8.41 E-03 10;840 
241Am 2.97E-21 13,500 3.2IE-24 14,900 
137Cs O:OOE+OO 10;000 O.OOE+OO 10;000 
137Np 9.41 E-05 4S5 5.S2E-05 497 
239pU S.67E-07 10;200 3.46E-07 ),11,960 
Q9Tc 1.14E-03 2,2'J13. 7.48E~04 2,463 
23D-rh 3.99E-50 10;000 'O.OOE+OO 10,000 
134U 4.90E-OS 5,162 3.48E-OS 5,953 
23SU 2.04E~06 5,163 1.32E-06 5,9SI 
238U 9.37E"05 5,163 6.67E-05 5,951' 
• Chromium did nol'reach a maximum during Ihe model runs. 

3.2.3.4 3.2.3.4 SWMU 4O-C-403 Neutralization Pit 

Locatio" 

The C-403 Neutralization Pit is located off the northeast corner of the C-400 Cleaning Building, at 
the intersection of 11th-Street and Virginia Avenue. MWs 177 and 178 are positioned on the south side 
of the tank. Figure 3.12 shows the :)ocationofSWMU 40 .. 

Setting 

SWMl!J 40 consists of a 7.6-m (25-ft) square by 7.9-m (26-ft) deep, in-ground open-top tank 
constructed! of concrete and lined with two layers of acid brick. A Hypalon awning stretched over a 
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wooden frame prevents the accumulation ,of rainwater in the tank. The area surrounding SWMU 40 is a 
:level lot, paved with concrete on three sides and' covered in gravel on the south side. 

Surface-water hydrology, wetlands. and floodplains. Runoff from SWMU 40 collects in the 11 th 
Street storm sewer and is routed through the storm sewer network to the Outfall OOS effluent ditch. 
Outfall OOS discharges into Bayou Creek on the west side of the plant. There are no streams, wetlands, or 
IOO-year floodplain area within SWMU 40. The eastern end of the NSDD is located across Virginia 
A venue from SWMU 40 but recei,ves no contribution from the C-403 area. 

Biological resources. The C-403 Neutralization Pit is located in a heavy industrial setting, surrounded 
by concretepaverrient or gravel cover. There is no significant vegetation in the immediate vicinity. 
Threatened or endangered species do not rely on this area for critical habitat. 

Soils and prime farmland. The original undisturbed soils of the SWMU 40 area were Calloway 
series silt loams with a shallow fragipan. Construction activities have significantly disrupted the original 
soil structure. Gravel or concrete pavement now cover the area. Rere is no prime farmland present at 
SWMU40. 

Underground utilities. Underground influent and effluent lines connect to the C-403 Neutralization 
Pit from all' four sides. A dOOron acid waste line from the C-400 Cleaning Building joins with C-403 on the 
westside. The C-402 Lime House amendments to C-403 entered through a cast iron pipeline on the south 
side. Effluent from C-403 passed through a discharge line on the north side of the tank. A recent excavation 
of the north end of this pipeline revealed it to Ibe constructed of iron. A vitreous clay pipe connection, via 
a storm sewer, with the C-4lO-B HF Neutralization Lagoon joins with C-403 on the east side . 

Buried sanitary water and return cooling water pipelines pass east-west against the north end of the 
C-403 Neutralization Pit. A buried north-south electrical line lies near the west side of the tank. 

MallufacturillglTSD Processes 

The C-403 Neutralization Pit was used for the storage and treatment (i.e., neutralization) of acidic 
uranium-bearing waste solutions generated during cleaning operations in Building C-400~ The operation 
of the C-403 Neutralization rank may have been limited to the period between 1952 and 1957, although 
effluents from the C-400 Cleaning Building were discharged to the C-403 Neutralization Pit .until 1990'. 
These discharges included UF6 cylinder hydrostatic-test water, overflow, and runoff from cleaning tanks, 
discharge from floor drains, and other unknown sources. 

A lime slurry was added to the wastewater from the C-402 Lime House to raise the pH and 
precipitate out the uranium in the form of a low-level radioactive sludge. Once the pH was raised to the 
proper level (liO to 12 standard units), the effluent was discharged to the C-404 Radioactive Waste Burial 
Area (previously a holding pond) where the sludge was allowed to settle out of the solution. In 1957, 
treatment equipment installed in C-400 allowed the building effluent to be discharged to the NSDD, 
where it t:1owedto the Little Bayou Creek. Inrthe late 1970s, the flow from the NSDD was routed into the 
C-616-F Fulli Flow Lagoon, and direct discharge to Little Bayou Creek subsequently was discontinued. 
Drawings for C-40J document a 3S.I-cm (l5-in.) vitreous-clay pipe was installed between the C-403 
Neutralization Pit and theC-4lO-B HF Neutralization Lagoon, using part oCan existing stormwater line. 
The intended purpose of this Ene is unknown. The C-41 O-B HF Neutralization Lagoon was used for the 
treatment of hydrogen fluoride ceH electrolyte . 
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Summary of Previous Investigations 

The Phase n SI (1'991 and 1992) instal1ed two monitoring wel1s south of C-403. MW 177 was 
screened in the VCRS and MW178 was screened in the upper RGA. As part of the characterization of the 
site, five composite soil samples were collected from the 4.3- to 13.4-m (14- to 44-ft) depth range and 
water samples were col1ected from the wel1s. No contamination was detected in the soil samples. 
However, elevated TCE and 99Tc levels were discovered in the water samples from both wel1s. 

The DOE conducted a RCRA characterization of the C-403 Neutralization Pit contents in 1993. Water 
and sediment samples revealed the presence of elevated levels of TCE, PCBs, and uranium in the tank. 

The WAG 6 RI characterized soil contamination from the adjacent utility and influent and effluent 
lines with five soil borings, and from thein-ground tank with three deeper soil borings. In addition, possible 
surface soil contamination was investigated by three samples located to the west ofC-403. The soil analyses 
revealed the presence of elevated radionuclides and metals (i.e., silver and antimony), but limited to the 
backfill around the tank and along the storm sewer connection to the C-4lO-B HF Neutralization Lagoon. 

Contingency samples of soil and water were collected from the tank backfill using six soil borings to 
specifically investigate the backfill as a source of elevated radiological activity and TCE to water that 
had collected in the tank during the RI. Elevated' levels of both alpha and beta activity were detected in 
the samples of backfill material. However, TCE was not detected in the soil samples. 

Sources of Data 

The WAG 6 RI provides the primary data available to characterize SWMU 40. In addition to the 
previously described investigations, .the DOE's environmental surveillance program contributes groundwater 
analyses for MWs 177 and 178. Figure 3.13 shows the location of sample points for the SWMU 40 area. 

Geology/Hydrogeology 

The HV 1 interval in the C-403 area is primarily composed of a loess-derived silt to depths of 
approximately 5.5 m (18 ft). However, thick clay lenses locally underlie the silt deposit, deepening the 
HUI interval to 7.4 m(24' ft). It appears that the C-403 Neutralization Pit completely penetrates the HV1 
horizon. In many borehole locations adjacent to the tank, gravel: backfill is encountered to 4.9 to 5.5 m 
(1;6 to 18 ft)bgs. 

The local chafacter of the HV2 member is highly variable, composed of thin interbeds of sand and 
gravel with silt and clay. However, the HV3 appears to be a uniform, 4.6-m (15-ft) thick clay. ~he RGA 
is dominated by gravel and sandy gravel units. Only 1.5 m (5 ft) of sand defines the HU4 horizon~ 
Interbedded fine-to-medium grained sands and clays make up the upper McNairy Formation. 

VCRS water levels are highly variable. Depth of water in the HU2 horizon ranges from near 
negligible to approximately 2.4 m (8 ft) over a distance of 21.6 m (71 ft). This variation reflects the 
heterogeneity of the :HU2 sediments and the strong do:wnward vertical gradients typical of the VCRS, but 
may also attest to enhanced recharge around the C-403 Neutralization Pit. As determined by a TCE 
plume that passes beneath SWMU 40, area groundwater flow in the RGA is typically eastward. 

Nature and Extent of Contam;nat;oll 

• 

• 

The 1993 RCRA characterization of contained water and sediments determined the presence of 'fCE, • 
PCBs, and uranium. Dissolved: contaminant :levels ranged up to 1,300 f..Lg/L TCE, 110 f..LglL PCBs, and 
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1.075 pCilL uranium. Contaminant levels in the sediments were as high as 6,700 Jlg/kg TCE, 17.6 mg/kg 
PCBs, and 1.073 pCi/g uranium.. 

The WAG 6 RI samples of the backfill around the tank revealed the presence of elevated levels of 
alpha (62.2 pCi/g) and beta activity (243 pCi/g) in the gravel fill'material but no TCE. Several radionuc1ides 
were discovered in a soil sample of an adjacent borehole collected from below the depth of the tank. 
Uranium-238 activity, at 13.4 pCi/g, was highest among the isotopes detected. Apparently, the soil! 
contamination is limited to the immediate vicinity of the tank and the former storm sewer. The Phase U 
SI soil samples from the nearby MWI78 borehole did not contain any detectable levels of contaminants. 
However, soil samples near the storm sewer connector line [at approximately 4.6 m (15 ft) bgs] contained 
silver and antimony at 4.28 and 4.7 mg/kg, respectively, and up to 20.2 pCi/g 238U. 

The WAG 6 water samples collected from the tank backfill contained up to 2,340 pCilL beta activity 
and 400 JlglL TCE. Water samples from VCRS MWI77 and RGA MWI78 were collected during the 
Phase II SI. The 99Tc activities of the two water samples, 1,200 and 1,735 pCilL, respectively, were the 
highest levels reported for groundwater during the SIs. 

Fate and Transport 

The probable release mechanism identified by the WAG 6 RI for the C-403 Neutralization Pit was a 
subsurface leak from the tank or from the stOrrrl sewer connection to the C-410-B HF Neutralization 
Lagoon. Contaminants have infiltrated the soil surrounding the tank and line. The fate and transport model 
for SWMU 40 assessed the potential for contaminants to reach a point of exposure through the RGA. 
Soil contaminants were modeled to leach to groundwater and migrate off-site as dissolved contamination 
in the RGA. 

The WAG 6 investigation detected contamination from several sources in the vicinity of theC-403 
Neutralization Pit that were unrelated to the tank processes. The fate and transport model collectively 
assessed the area contamination. Table 3.10 reports the model results for contaminants detected in the 
SWMU 40 area. 

Table 3.10. Fate and .transport modeling results for the SWMU 40 area 

Plant fence Property boundary 
Max cone. Time Max cone. Time 

Constituent (mgIL) (pCiIL) (year) (mgIL) (pCiIL) (year) 
Surface 

Phenanthrene 4.68E-06 7,560 3.00E-06 7,980 
238

U 7.22E-08 5,1'60 4.51E-08 5,950 
Subsurface 

N-Nitroso-di-propylamine 2A7E-02 24 1,.37E-02 27 
Phenanthrene 8.62E-06 7,810 5.41E-06 8,450 
Chromiwna 2.56E-53 10,000 O.OOE+OO NA 
Thallium 8.45E-04 31 4.94E-04 37 
234U 9.61E-07 6,460 6.08E-07 7,580 
23~ 3.4m-08 6,640 2.16E~08 7,580 
238

U 6.62E-06 7,380 4.28E-06 8,050 
• Chromium did not reach a maximumduring the model runs. 
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Previous Remedial Actions 

At the time of the 1993 RCRA characterization of the C-403 Neutralization Pit water and sediments, 
295,2301 (78,000 gal~ of water were contained in the tank along with a limited amount of sediment [<0.3 m 
«Ii ft)]. A new Hypalon plastic cover was placed over the top of the tank to prevent additional rainwater 
from entering the tank. This new cover replaced a cover installed in 1990. The inlet pipe from the C-410-B 
Neutralization Lagoon also was plugged to preventadditionalstomlwater runoff from entering C-403. 
The DOE pumped the contents from the tank and shipped the wastewater to the TSCA incinerator in Oak 
Ridge, Tennessee, for treatment. 

3.2.3.5 SWMU 47-C-400 Technetium Storage Tank Area 

Locatio" 

The C-400 Technetium Storage Tank Area consists of a former tank site outside of the C-400 
Building on the west side of the buiiding. Figure 3.14 is a map ofthe SWMU 47 area. 

Sening 

A 3-m (10-ft) wide concrete pad and soil berm, measuring approximately 6.1 m (20 [t)on the west 
side and 7.6 m (25 ft) on the north and south sides, marks the site of the Technetium Storage Tank. The 
bermed area is located against the west wall of the C-400 Building ina graveled yard. 

Surface-water hydrology, wetlands, and floodplains. No streams are found in the vicinity ofSWMU 
47. Rainwater runoffaccumulatesin ditches on the east side of 10th Street, which, in tum, drains to the 
Outfall 008 stormwater sewef system. There are no wetlands or 100-year floodplain areas near the 
Technetium Storage Tank Area. 

Biological resources. Little vegetation can be found in the graveled lot containing the Technetium 
Storage Tank Area. It is an industrial setting which does not provide critical habitat for thfeatened or 
endangered species of plants and animals. 

Soils and prime farmland. Soils of both the Calloway series siltloams and the Henry Silt Loam 
were found in the Technetium Storage Tank Area prior to construction of the iPGDP.Construction and 
maintenance activities have heavily disturbed the soils. No prime farmland exists near SWMU 47. 

Underground utilities. The only utility to directly underlie the C-400 Technetium Storage Tank is a 
drain line that originally collected the effluent ·of the west-side floor drains and routed ,the wastes to the 
C-400 Waste Discard Sump (SWMU 203} A buried north-south utility corridor, consisting of a sanitary 
sewer line and.retum cooling water lines, passes to the west of the bermedi area. 

Manu!acturi"gITSD Processes 

SWMU 47 contained a 115,000 liter (4,000 gal:) tank that was used in the early 1960s to store waste 
solutions containing 99Tcand chromium. The tank was located in an asphalt-paved, bermed area. Drain 
lines from C-400 Building processes were connected directly to the tank. There are no documented spills 
Of releases from the tank . 
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Previous Remedial Actions 

The Technetium Storage Tank was removed in December 1986 and placed in an on-site mixed waste 
storage facility. At the time ofremoval, the tank contained approximately 750 liters (200 gal) of aqueous 
waste and 1,500 liters (400 gal) of sludge. The sludge had elevated levels ·of chromium and the 
radionuclides 237Np, 239pu, 99Tc, 23~, and the uranium isotopes. 

Summary of Previous Illvestigatiolls 

In December 1986, t3 concrete samples were collected from the concrete pad and 16 soil samples 
were collected! from the area surrounding the tank pad. The samples were collected over a uniform grid 
covering an area of 4.3 m hy 4.3 m (14 ft by 14 ft). Elevated levels of chromium and uranium were 
detected in both media. 

Subsurface characterization data for SWMU 47 are .derived from the Phase II SIand the WAG 6 Rl 
The Phase II SI installed two monitoring wells on the south side of the bermed area, MW175 (screened in 
the upper RGA) and! MW176 (screened in the UCRS)~ Soil samples collected from the well boreholes 
contained TeE, chromium; and 99Tc above reference levels. Elevated levels of dissolved 991'c and TCE 
were present in RGA water samples from MW175. In addition, the Phase II SI sampled one shallow soil 
boring in the vicinity of the Technetium Storage Tank Area. The maximum radionuclide activities for 
soil samples collected during the SI were reported from this boring. 

The WAG 6 Rl ,of the Technetium Storage Tank Areainc1uded the collection of seven surface soil 
samples from within the berm area, sampling subsurface soils in one borehole to a depth of 14.3 m(47 ft), 
and installation of a VCRS piezometer. Elevated levels of TeE, P AHs, and radionuclides were associated 
with the site. 

Sources of Data 

As previously discussed, several sources of data are available for the characterization of SWMU 47. 
Figure 3.15 presents the location of area boreholes, wells, and piezometers. 

Geology/Hydrogeology 

In the Technetium Storage Tank Area, clayey silt makes up the uppermost sediments, the HUI 
member, to a depth of 6.1 m (20 ft). This, in turn, is underlain by a 6.1-m (20-ft) thick interval'of sand 
and gravel units separated by thin silty clay layers that constitute the HU2 horizon. A 3-m (10-ft) thick 
interval i of several clay beds with variable sand content, the HU3 member, forms the base of the UCRS. 

Locally, the RGA interval (both the HU4 and the HU5 horizons) is comprised of several coarse 
sediment packages that form an overall fining upward sequence. The contact of the basal sandy gravel 
member of the RGA and theunderlying.clays of the McNairy Formation occurs at a depth of26.8 m(88 ft). 

The HUll and 002 intervals of the Technetium Storage Tank Area and most of the west C-400 
block are unsaturated. Groundwater flows northward in the RGA. 

Nature and Extellt of COlltamill atioll 

The immediate vicinity of the Technetium Storage Tank berm is contaminated; with radionuclides, 
SVOAs, and PCBs. All surface soil samples from the berm area contained elevated levels of some 
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radionuclides. A total of nine radioisotopes were identified from the area surface soil samples with activities 
exceeding background levels, including 99Tc (maximum of 53 pCi/g), 234U (maximum of 3,1.lpCi/g), 235U 
(maximum of 1.9pCi/g~, and 238U (maximum-of 39.5 pCi/g)~ 

The WAG 6 RI identified 15 PAR compounds and 1 phenol compound from the berm-area surface soil 
samples. Chrysene, fluoranthene,phenanthrene, and pyrene were commonly detected SVOAs. Contamination 
by these compounds is typical of areas that were previously paved with asphalt. 

The iPCB Aroclor-1254 was identified in surface soil only, in two samples from the berm area. 
Contamination levels were 77 and 960 J..lg/kg. 

Radionuclideand SVOA levels decreased significantly with depth. The uranium isotopes 234U (at 
41.7 pCi/g) and 238U (at 42.8 pCi/g) were the most significant subsurface contaminants in the 0.3 to 1.4 m 
(1 to 4.5 ft) sample. Most of these contaminants were less than the RI reference levels in the samples 
collected below 1.4 m (4.5ft). However, volatile organic contaminants appeared in samples collected at 
2.6m (8.5 ft) and persisted throughout the depth.ofarea subsurface soil samples [9.0 m (29.5 ft)]. The primary 
volatile organic contaminants were TCE (maximum of 1,700 J.:lg/kg), cis-l,2 ... DCE (maximum of 82 J..lg/kg), 
trans-l,2.:DCE (maximum of 2,500J..lg/kg), and 2-propanol (maximum of 220 J..lg/kg). 

Fate and Transport 

The shallow sources of contamination for the Technetium Storage Tank Area were modeled as surface 
releases andl spills from the tank and transfer lines. In the model, the deeper volatile organic contaminants 
were associated with the drain line feeding the C-400 Waste Discard Sump (SWMU 203). Contaminants 
released from these sources have infiltrated the surface and subsurface soils and contaminated the 
groundwater. The model simulated the migration of contaminants to an off-site receptor via groundwater 
flow in the RGA. Table 3.11 summarizes the model results. 

3.2.3.6 SWMU 203--C-400 Waste Discard Sump 

Location 

The C-400 Waste Discard Sump is an in-ground collection tank with sump found outside the northwest 
comer of the C-400Cleaning Building. Figure 3.16 shows the location of SWMU 203. 

Setting 

SWMU 203 is a concrete pit measuring 1.8 m (6 ft) wide by 3.4 mOl ft) long and 1.8 m (6 ft) deep. 
A 1.2~m (4-ft) diameter by l.4-m (4.5-ft) deep sump is located in the pit floor. The pit is located in a 
gently sloping gravel lot. The east side of the pit lies close to the concrete apron driveway/storage yard 
outside the north end of the C-400 building. 

Surface-water hydrology, wetlands, and floodplains. The gravel lot around the Waste Discard 
Sump is contoured to direct runoff to drainage ditches on the east side of Wth Street. These ditches 
empty into the 008 storm sewer system. Rainfall on the north C-400 concrete apron flows across Virginia 
Avenue either into the 015 drainage ditch system or into the NSDD. The 008 and 015 drainage systems, 
and the NSDD (via a transfer line to the 001 Outfall: system~, discharge to Bayou Creek on the west side 
of the plant. There are no streams, wetlands, or WO-year floodplain areas within the SWMU 203 area . 
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Table 3.11. Fate and transport modeling results for tbe SWMU 47 area 

Plant ,fence Pr0l!erty boundar! • Max cone. :rime Max Cone. Time 
Constituent {mlVL} {I!CiIL} b:ear} (mIVLHI!CiIL} b:ear} 

Surface 
2-Methylnaphthalene 1.27E-06 2,390 7.90E-07 2,530 
Dibenz( a,h )anthracene O;OOE+OO 10,000 O.OOE+OO 10,000 
241Am 1.54E-24 13,500 1.80E-27 14,900 
I37CS O.OOE+OO 10,000' O.OOE+OO 10,000 
237Np 2.26E-09 320 1.34E-09 359 
99Tc 1.81E-08 2,090 1.10E-08 2,340 
DOTh O;OOE+OO 10,000 O.OOE+OO 10,000 
234U 4.32E-09 5,160 2.ME-09 5,950 
23SU 2.67E-10 5,160 1.63E-1O 5,950 
238U 5.54E-09 5,160 3.37E-09 5,950 

Subsurface 
l,2-Dichloroethene 7.64E-02 21 4.78E-02 23 
Trichloroethene 9.58E-03 105 6:03E-03 112 
241Am 4.51E-22 13,500 4.65E-25 14,900 
237Np 8.79E-09 378 5.41IE-09 438 
99Tc 2.24E-11 2,090 1.36E-08 2,340 
23~h 2.62E-50 10,000 O.OOE+OO 1]0,000 
234U 4.55E-08 5,410 2.74E-08 6,190 
235U 2.43E-09 5,410 1.47E-09 6,190 
238U 5.54E-09 5,160 3.37E-09 5,950 

• 

• 
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Biological resources. The Waste Discard Sump lies adjacent to a high-traffic area on the north side 
of the C-400Building and is maintained to minimize· vegetation. This setting does not provide critical • 
habitat for T &E species of plant or animal. 

Soils and prime farmland. Both Calloway series silt loams and Henry Silt Loam occur in the vicinity 
of the Waste Discard Sump. Pavement or gravel overlies all soils in the area. There is no prime farmland 
at the site. 

Underground utilities. The original influent and . effluent lines ,to the Waste Discard Sump are sections 
of buried vitreous clay pipe on the north and south ends of the pit. Flow from the Waste Discard Sump 
now is routed through a drain in the pit sump to the NSDD via a storm sewer line. Buried utility corridors 
pass 4.6 m (15 ft) to the north of the pit and 12.2 m (40 ft) to the west of the pit. 

MallufacturillgffSD Processes 

The Waste Discard Sump is a convergence point for effluent from the C-400 Cleaning Building 
(primarily from the west side). C-400 process wastes emptied .to the Waste Discard Sump via a floor 
drain system to a buried vitreous clay pipeline located on the west side of the building. 

Prior to 1957,a sump-mounted pump discharged effluent to the C-400 to C-404 Underground 
Transfer Line. Primary sources of water to the sump included treated effluent from the dissolvers and the 
spray booth pit sump. Beginning in 1957, additional wastewater treatment processes were added to C-400 
and many of the former discharges were discontinued. The Waste Discard Sump was connected to a 
storm drain system and allowed to discharge by gravity feed to the NSDD. 

The sump continues to collect effluent from a high pressure waterjet system in the C-400 Spray • 
Booth and a vacuum pump on the C-400 Lime Precipitation Unit. No contaminants are expected from the 
current waste streams. 

Previous Remedial Actioll 

The DOE collected samples to characterize the sump sludge and adjacent surface soil in late 1994 
and early 1995. The analyses revealed that the sludge was contaminated with TCE, PCBs, and several 
radionuclides. 

Approximately 15.2 em (6 in.) of sludge covered the base of the sump in June 1995 when the DOE 
performed a removal action. A total of 28 drums of sludge and water were purged from the sump. 

Summary of Previous Illvestigatiolls 

The WAG 6 RI characterized the immediate vicinity of the Waste Discard Sump with four soil 
borings. Samples were collected from surface and near-surface soils through the top of the HU3 clays at a 
depth of 13.9 m (45.4 ft) bgs, including samples taken from near the effluent lines leading to the NSDD 
and the former C-400-to-C-404 Underground Transfer Line. The soil analyses revealed surface soil 
contamination by PAHs, the metals antimony and'mercury, and the radionuc1ides 99Tc and 238U. A soil 
sample from near the base of the sump was contaminated with TCE and 99Tc. 

Sources of Data 

The 1994/1995 characterization analyses and the WAG 6 RI are the only sources of data for the C-400 
Waste Discard Sump. Figure 3.17 is a map of area sample locations. 
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Geology/Hydi'ogeology 

At the Waste Discard Sump, loess-derived silt of the HUT member extends to a depth of 6.7 m (22 ft). 
The texture of the underlying HU2 interval grades from interbedded silt, sand and gravel units northeast 
of the sump to a stack of gravely sand lenses to the southwest. These rest upon a clay HU3 member at a 
depth of 13.7 m (45 ft) bgs. Deeper area borings show the thickness of the HU3 to range from 1.0 to 5.0 m 
(3.5 to 16.5 ft). 

Where the HU3 interval is thin, the RGA consists of an upper sand member (HU4) and a basal 
sandy gravel member (HU5). The HU4 member is absent where the HU3 interval is thickest. In both 
settings, the base of the RGA is at approximately 25.9 m (85 ft). The underlying McNairy Formation 
sediments consist primarily of thick clay and clayey sand members interbedded with some sand units. 

A UCRS water table occurs approximately 11m (36 ft) bgs in the vicinity of the Waste Discard Sump. 
As is typical of the WAG 6 area, a strong, downward vertical gradient prevails across the HU3 member. 
Thus, lateral ,flow distances in the UCRS are limited. Groundwater flow in the RGA is to the northwest. 

Nature alld Extellt of COli tam illatioll 

There was no widely distributed surface soil contamination that was associated with the Waste 
Discard Sump. Mercury and several, radionuclides, notably 99Tc (at 43.3 pCi/g) and 238U (at 14.8 pCi/g), 
contaminated surface soil adjacent to the sump. Isolated occurrences of P AHs and an elevated antimony 
level were detected from surface soil samples in more remote locations. 

The 1!9941],995 characterization data identified TCE, PCBs, and several radionuclides as contaminants 

'. 

in the sludge of the Waste Discard Pit. (The dissolved "FCE levels were near the saturation limit of TCE.) • 
Soil samples collected from below the base of the sump contained elevated levels of TCE (maximum of 
4.500 Ilg/kg) and 9<lTc (maximum of 3.1 pCi/g). 

Fate and Trallsport 

The most likely route of contamination for the Waste Discard Sump isa release or spill from the 
influent or effluent lines or overflow of the pit. Contaminants would have impacted surface and 
subsurface soil. The Fate and Transport modeling for SWMU 203 assumed the soils were leaching to 
groundwater and migrating downward to the RGA. Groundwater flow in the RGA then carried the 
dissolved contaminants off-site where exposure was possible. Table 3.12 presents the results of modeling 
for the Waste Discard Sump, as we)] as other potential contaminant sources in the northwest C-400 area. 

3.2.3.7 TheC-400 Building 

Locatioll 

The C-400block is located near the center of the industrial section of the PGDP, bound by 10th and 
11th Streets to the west and east, respectively, and Virginia and Tennessee Avenues to the north and 
south, respectively. Figure 3.18 shows the location of theC-400 Building. 

Setting 

In general, the C-400Cleaning Building rests on a O.4-m- (16-in.-) thick concrete floor designed 
with four main pits/sumps and an east-side basement area. The east-side basement includes degreasing 
units, chemical cleaning tanks, and a plenum and fan room system to ventilate the building. 
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Table 3.12. Fate and transport modeling results for the SWMU 203 area 

Plant fence Property 'boundary 
Max conc. 'lime Maxconc. Time 

Constituent (mgIL) (pCiIL) (year) (mgILHpCiIL) (year) 
Surface 

Chromium 0.00£+00 10,000 O.OOE+OO 10;000 
238U 5.65£-08 5,160 3.57£-08 5,950 

Subsurface 
Trichloroethene 3.84E-03 84 2.10E-03 96 
Antimony 5.73E-03 707 3.58E-03 824 
Mercury ,O.OOE+OO NA O.OOE+OO NA 
241Aro 2.85£-22 13,500 2.91<£-25 14,900 
237Np 9.07£-07 397 5.69E-07 458 
99Tc 5.35£-06 2,090 3.37£-06 2,460 
23o.rh 0.00£+00 10,000 O.OOE+OO 10,000 
234U 3.91£-07 6,640 2.55E-07 7,350 
235U 3.33£-09 5,160 2.01£-09 5,950 
238U 5.80£-07 6,640 3.79E-07 7,350 

Hoor drains originally found throughout the 'building emptied into interior and exterior building 
sumps or directly to stonn sewer lines. Sumps for wastewater treatment and/or disposal are located 
northeast (SWMU 40) and northwest (SWMU 203) of the C-400 Building. Many buried utilities service 
C-400 and/or pass under the block. 

Drawings and construction photographs indicate the building floor overlies. approximately 3.0 m(IO ft) 
of gravel backfill. 

Surface-water bydrology, wetlands, and floodplains. The 008 storm sewer system collects most 
of the runoff from the C-400 block and passes the water to Bayou Creek on the west side of the plant. 
Ditches are located on the east and west sides of the block, adjacent to }Oth and 11 th Streets to funnel 
runoff to the stonn sewer grates. The most significant surface-water feature in the vicinity of the C-400 
block is the NSDD, which is located across from (north of) Virginia Avenue from theC-400 Building. 
Originally, the NSDD served as a main effluent channel for C-400 processes. Currently, the C-400 
Building discharges little wastewater to the NSDD. 

The C-400 area is designed to promote rapid runoff of stormwater. There are no streams, wetlands, 
or floodplains within the C-400 block. 

Biological resources. Virtually all land surrounding the C-400 Building is paved or covered in gravel. 
There is little vegetation within the C-400block. Moreover, the C-400 Building is a heavy industrial 
setting with continuous operation. The area is used sparingly by area wildlife and does not provide 
critical habitat for T &E species of plant or animal. 

Soils and prime farmland. Construction and maintenance activities within the C-400 block have 
significantly disrupted the original soil structure. Moreover, practically all available area around the C-400 
Building is covered byeitherpavement or gravel. There is no prime farmland within the C-400 block. 

Underground utilities. Buried utilities that service the C-400 Cleaning Building include storm and 
sanitary sewer lines, sanitary water lines, return cooling water lines, and electrical ducts. Buried utilities 
are found beneath all sides of the C-400 block to a depth of approximately 4.6 m (15 ft). 

00-00 I (doc )/08240 I 3-49 



~.,. 

SECTOR 1 

C-400 BUILDING 

t- -.. 

LEGEND: 
• _ Monitoring Well Location 0 SWMU 

Fence ' -,' Sector Boundary 
Road 
Railroad 

Fig. 3.18. C-400 area 

3-50 

_~-;.' ·f,,-.· , 
~ .~"'-,:.: it ' ~ . .-

- " 

SECTOR 2. 

J 
-1' 
-: 



• 

• 

• 

ManufacturingnSD Processes 

Cleaning (clothes laundry and machinery parts), disassembly of cascade components, and testing of 
cascade components are the primary activities for which ,theC-400 Building was designed to support. 
lIhe building has also housed many other activities, including recovery of precious metals and 
enrichment of radionuclides. 

Suspected sources of leaks and spills at C-400 that have contaminated area, soil and groundwater 
include: (1) degreaser and cleaning .tank pits, (2) drains and sewers~ (3) the east side plenum/fan room 
basement, (4~ tanks and sumps outside the building, ,and (5) various first floor C-400 processes. These 
sources have resulted in contamination of soil and groundwater by volatile organic analytes (VOAs) 
(primarily TCE); SVOAs, and various metals and radionuclides. 

Summary of Previous Investigat;ollS 

Several SWMUs within the C-400 block have been previously investigated. These investigations 
have been summarized in the preceding text. The most significant sources of characterization data for the 
C-400 block, in general,come from the Phase I and Phase II SIs and the W AG6 Rl. 

Over both phases of the SI, five deep soil borings were completed around the C-400 Building. These 
borings resulted in 65 soil samples, from the land's surface through the base of the RGA. In addition, the 
SI installed three wells screened in ,the VCRS, 'three weBs screened in the upper RGA, and one well 
screened at the base of the RGA. 

The subsequent WAG 6 Rl included characterization of known SWMUs and a C-400 Site Evaluation. 
This Site Evaluation assessed the occurrence of undocumented releases and established whether the numerous 
buried utilities associated with the C-400 Building were conduits for the migration of contaminants. 

The Rl divided the WAG 6 SWMUs and C-400 block into nine sectors to organize the ,evaluation of 
the data. Of the nine sectors, five contained a SWMU that was specifically addressed as part of the WAG 6 
RI. The C-400 Building occupied an entire sector and contained several SWMUs that, due to continuing 
operations, could not be th0J7oughlyevaluated during the WAG 6 RI. Table 3.13 summarizes the areas 
included in each sector. 

Table 3.B. The WAG 6 RI sectors 

Sectors SWMU PGDP facili~ number Descri~tion Location within,the C-400 iblock 
,I' None C-400 Cleaning Building Central 
2 40 C-403 Neutralization Tank Area Northeast 
3 None N/A Area Between SWMU II and'SWMU 40 East 
4 II C-400 Trichloroethene Leak,Site Southeast 
5 None N/A AreaHetween SWMU II, and SWMU 47 Southwest 
6 47 C-400 Technetium Storage Tank Area West 
7 203 C-400 C-400 WasteUiscard,System Sump Northwest 
8 26 C-401 C-400 to C-404 liransfer Line Outside 
9 None N/A 02enArea Northeast ot:C-400 Building Outside 

The WAG 6 R1 collected 48 surface soil samples, 496 subsurface soil samples, and 223 borehole 
groundwater grab samples. These samples represented the UCRS, RGA, and upper McNairy Formation. lihe 
WAG 6 RJ also installed 18 piezometers in the UCRSand 3 wells in the RGA around the C-400 Building. 
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Sources of Data 

In addition to the PGDP SI and WAG 6 RI, previous characterization sampling of individual SWMUs, 
as previously summarized, and routine sampling of area monitoring wells for DOE's environmental 
monitoring program provide valuable data for the assessment of the C-400 area. Figure 3.19 shows the 
location of soil and groundwater sample points within the C-400 block. 

GeologylHydrogeology 

Details of the geologic and hydrologic settings around the C-400 Building .are summarized in 
previous sections. In general, the upper 6.1 m(20ft) of sediments in theC-400 block area were originally a 
homogenous loess-derived silt. Construction and maintenance excavations have significantly compromised 
the ability of this silt unit to retard the downward migration of contamination. Utility lines, which in 
some cases are sources of the contamination or migration pathways, were routinely installed to depths of 
approximately 4.6 m (15 ft). The C-400 Building contains an east-side basement and several sumps that 
required the excavation and placement of backfill to depths of approximately 3.0 m (1'0 ft). Moreover, the 
waste collection pits on the north side of the C-400 Building extend to significant depths. 

The HU2 horizon is a heterogeneous assemblage of sand, gravel, and silt lenses beneath C-400. However, 
the cumulative thickness remains approximately 6.1 m (20 ft) across the block. 'In general; the bottom 2 m 
(6 ft) ofthe HU2 sediments are saturated on the east and north sides of the C-400 block. The HU2 interval is 
unsaturated on the west and southwest areas of the C-400 block. Lateral ,hydraulic gradients within the 
UCRS beneath the C-400 block during the WAG 6 RI ranged between 1.8 x 10.2 and 5.6 x 10-2

. 

e 

An HU3 horizon of finer-textured sediments occurs across the site. However, the thickness of the silts e 
and clays varies significantly. At all locations where lower UCRS and RGA hydraulic potential measurements 
can be compared, the vertical hydraulic gradient across the HU3 interval is downward and approximately 1. 

The RGA beneath C-400 consists of a thick river deposit of sand and gravel resting upon the 
McNairy Formation at a depth of approximately 25.9 m (85 ft). OveraU, the RGA sediments comprise a 
fining-upward sequence with HU4 sands overlying HU5 sandy gravel and gravel units. Thick deposits of 
much finer-textured sediments occur locally. The slight gradients and significant heterogeneities of the 
RGA make it difficult to interpret local groundwater flow directions. However, RGA contaminant plumes 
determine that groundwater flow is generally northward and diverges strongly to the east and northwest 
at the north end of the C-400 block. This divergence appears to be due, at least in part, to a significant 
source of leakage from one of the plant utilities located north of the C-400 Building. 

Deep boreholes were completed to depths of 15 m (50 ft) within the upper McNairy Formation 
around the C-400 Building. Sand occurs in the upper McNairy cores but the predominant sediment 
textures are silt and clay. 

Nature and Extent of Contamination 

The WAG 6 RI confirmed that SWMU 11 was the site ofa TCE DNAPL zone. In addition, the C-400 
Site Evaluation discovered an adjacent TCE leak site, where a transfer pump was previously located, and 
a TeE DNAPL zone which had spread along utility lines at the southwest corner of the C-400 Building. 
Contaminant levels ~up to Il,055,000 J.lglkg in a shallow soil' sample) indicate that the transfer pump leak 
site was the most significant of the TCE source zones, with DNAPL migrating from this source to the e. 
south along a buried sanitary sewer line and then downward into the RGA. Dissolved~phase TCE levels 
from the southeast corner of the C-400 block ranged up to 438,324 J.lg/L in a UCRS water sample and, up 
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to 701,184 J.1g/L in a RGA water sample. A marked decrease in dissolved TeE levels in the upper McNairy 
Formation below the RGA DNAPL zone indicates the DNAPL has not penetrated into the McNairy. The .' 
RI samples also showed that the high 99Tc activity observed in the Northwest Plume does not originate 
from the southeast C-400 DNAPL sources. 

As previously suspected, the dissolved-phase 'FCE plume in the RGA was shown to migrate from ,the 
southeast comer of the C-400 building to the northwest, beneath the northwest comer of the C-400 block. 
WAG 6 RI samples also confirmed the existence of a TCE and 99Tc plume migrating to the east from the 
northeast comer of the C-400 Building. 

Elevated 99Tc activity (up to 33 pCi/g) was observed in several surface soil and shallow subsurface 
soil samples from the WAG 6 SWMUs. However, samples with high 99Tc activity were not identified 
from the deeper VCRS soil samples. The RI concluded that the likely 99Tc sources were the NSDD and 
the C-403 Neutralization 'Pit. 

The WAG 6 RI identified several other contaminants within the C-400 Block. Surface soil contamination 
byP AHs, and low levels of radionuclides (above the R:I reference levels), and PCBs were common. In general, 
the locations of surface soil contamination by P AHs and PCBs were isolated. Subsurface soils contaminated 
by PAHs or PCBs were rare. Higher activities ofradionulides, particularly 23<>rh (up to 4.2 pCi/g), 234V 

(up to 10.9 pCi/g), and 238V (up to 16.7 pCi/g), were occasionally detected. The analyses of subsurface soil 
samples demonstrate that radionuclide activities decline with depth to background' levels within the VCRS. 

Antimony (up to 7.5 mg/kg) and arsenic (up to 25.8 mglkg) were among the most common metal 
contaminants to occur at levels significantly above background levels in soils. A point source of these 
metals was not obvious. Beryllium concentrations were elevated (0.7 to 1.2 mglkg) in many samples of • 
soils from the west side of the C-400 Building. The WAG 6 RI also detected isolated occurrences of 
cobalt, lead, silver, and thallium at elevated levels. 

Within the RGA, TCE is the most common contaminant. Only small quantities of a few SVOA 
compounds were detected, Phenol (up to 40 J.1g/L) was the most common of the SVOAs. Of the metals, 
only nickel appeared as a contaminant with a systematic distribution. The five detections of dissolved 
nickel concentrations above background; grouped on the northwest side of the C-400 Building. Among the 
radionuciides, 99Tc (detected at levels up to 17,000 pCilL) appears to be the only significant contaminant 
in the RGA that is associated with the C-400 Building~ The WAG 6 RI analyses reported 20 other 
isotopes that were detected at least once at levels above background. 

TOE concentrations were equal to or less than 5 J!g/L in aU water samples taken 15 m (50 ft)deep 
within the McNairy Formation. The maximum ~c level observed in McNairy water samples was 1.82 pCi/L. 
Similar to the RGA, analyses of McNairy water samples indicated the presence of 19 radioisotopes with 
levels above screening criteria. 

Fate and Transport 

The WAG 6 RI modeled contaminant transport for each of the C-400 block sectors and SWMU 26. 
Many of the results are reported in previous sections. Tables 3.14 and 3.15 present a summary of the 
maximum derived contaminant levels at the model points of exposure (the PGDP security fence and the 
DOE property boundary). 
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Table 3.14. Maximum exposure levels of WAG 6 contaminants-UCRSsources 

• Plant fence Property boundary 
C-400 block Max,conc. Time Max conc. Time 

Constituent sector (mgIL) (pCiJL) (year.) (mglb) (pCi/L) (year) 
Surface Soils 

2-Methylnaphthalene West 1.27E-06 2,390 7.90E-07 2,530 
Acenaphthylene Southwest 2.66E-04 1,336 1.71E-04 1,4'19 
Benz( a )anthracene Southwest O.OOE+OO TO,OOO O.OOE+OO 10,000 
Benz( a )pyrene Southwest O.OOE+OO 1O?000 O:OOE+OO 10,000 
Benz~b )f1uoranthene Southwest O,OOE+OO fO,OOO O,OOE+OO 10,000 
Benz( k )f1uoranthene Southwest O.OOE+OO W,OOO O.OOE+OO 10,000 
Dibenz( a." )anthracene West O.OOE+OO 110,000 O,OOE+OO 10,000 
PCB Southeast, East O~OOE+OO 10,000 O:OOE+OO 10,000 
Phenanthrene Southwest 8.57E-05 7,559 5.66E-05 7,979 
Chromium Southwest O;OOE+OO 9;799 O;OOE+OO 10,000 
Thallium Southwest 5.35E~03 31 3.29E"03 37 
241 Am West 1.54E-24 13,500 1.80E-27 14,900 
I37CS West O;OOE+OO 10,000 O,OOE+OO 10,000 
237Np SWMU 26 2.16E-07 320 1.50E"07 359 
239,PU SWMU26 3.40E-09 10,200 2.30E-09 11,800 
99Tc SWMU 26 9.24E-07 2;090 6.61E-07 2,340 
23OTh" East 3.29E-53 10,000 O.OOE+OO 1'0,000 
234U Southwest, 1.25E-07 5,'162 8.04E-08 5,953 
235U Southwest 7.00E-09 5,,1:63 4.51IE-09 5,951 
238U Southwest 1.82E-07 5,163 1.17E-07 5,951 

• 
Subsurface Soils 

1, 1 ~Dichloroethene Southeast 4J4E-03 62 2.50E-03 67 
1 ,2~Dichloroethene West 7.64E-02 21 4.78E-02 23 
2,4-Dinitrotoluene SWMU 26 1.07E-Ol 47 3.73E-02 50 
Carbon Tetrachloride Southeast 4.87E-04 386 2.94E-04 406 
N-Nitroso-di-propylamine Northeast 2. 17E-02 24 1.37E-02 27 
Phenanthrene SWMU26 5.40E-05 10;500 3.63E-05 10,800 
Tetrachloroethene Southeast 6.44E-04 285 3.89E-04 298 
Trichloroethene Southeast 5.00E+Ol 105 3.17E+Ol H2 
Vinyl' Chloride Southeast 1.14E-03 54 7.27E-04 61 
Antimony Northwest 5.73E-03 707 3.58E-03 824 
Chromium" SWMU26 ,1.59E-26 10;000 O.OOE+OO NA 
Copper SWMU26 4.00E-Ol 9,505 2.56E-0'1 11,100 
Mercury Northwest O.OOE+OO NA O.OOE+OO NA 
Nickel SWMU26 1'.25E-02 9,814 8.41E-03 10,840 
Thallium Southwest 4.74E-Ol 34 2.99E-0'11 39 
241Am SWMU26 2.97E-21 13,500 3.21E-24 14,900 
'l37Cs SWMU26 O.OOE+OO 10,000 O.OOE+OO 10;000 

Southwest 
237Np SWMU26 9.41E-05 455 5.82E-05 497 
239pU SWMU26 5.67E-07 10,200 3.46E-07 11,960 
99Tc SWMU26 1.14E-03 2,21B 7.48E-04 2,463 
230Th SWMU26 3.99E-50 10,000 O.OOE+OO 10;000 
234U SWMU26 4.90E"05 5,162 3.48E-05 5,953 
23~ SWMU 26 2.04E-06 5,163 1.32E-06 5,951 
238U SWMU26 9.37E-05 5,163 6.67E-05 5,951 

• 
a Did not reach maximumduring model runs. 
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Table 3.1S. Maximum exposure levels of WAG 6 contaminants-RGA sources 

Plant fence Pro~erty boundary 
C-400 block Maxconc. Time Max conc. Time 

Constituent sector {m2/L} {2CiIL} {l:ear} {m2/L} {2CiIL} {l:ear} 
RGA Soils 

Chromium" Northwest 6.9IE-05 10,000 1.7IE-13 10,000 
Cobalt Northwest 2.74E-02 224 1.33E-02 374 
Iron Northwest 8.18E+OI 377 3.96E+Of 63:1 
Manganese Northwest 5.nE-Ol 633 2.77E-OI 1,060 
237NE Southwest 6. I 7E-07 435 4.06E-07 478 
a Did not reach maximum during model runs. 

Neither TCE nor 99Tc sources were modeled for the RGA. The contaminant .plumes from these 
sources are well documented. The WAG 6 RI concluded that TCE concentrations in the Northwest 
Plume, in the absence of the Northwest Plume Pump-and-Treat System, are at steady state based! on 
monitoring data from the previous 10 years .and the "full" extent of the dissolved-phase plume. Trends 
indicate that the 99Tc levels of the Northwest Plume are declining; thus, the current contaminant levels 
are the maximum expected exposure levels. 

3.2.3.8 WAG 6 Risk Assessment Summary 

The summary presented in this section was taken from Remedial Investigation Jor Waste Area 
Group 6 at the Paducah Gaseous Diffusion Plant (DOE I999a). Specifically, the Executive Summary of 
the WAG 6 BRA contains the pertinent risk information that will be repeated here, This document 
provides information on the baseline risks posed to human health and the environment from 
contamination at WAG 6 that will be used to support the need for remedial action in WAG 6 and to assist 
in the selection of the remedial alternatives. 

The following is excerpted from the Executive Summary of the WAG 6 BRA. 

In 1997, the U.S. Department of Energy (DOE) conducted a Remedial Investigation/Resource 
Conservation and Recovery Act Facility Investigation for solid waste management units. 
(SWMUs) 11,26,40,47, and 203 in WAG 6 at the PGDP. In addition, this RI included areas 
surrounding the C-400 Building that are not part of any recognized SWMU. The overall 
purpose of this activity was to determine the presence, nature, and extent of contamination at 
each of the SWMUs and in the C-400 area. The primary focus of the remedial investigation was 
to collect sufficient information about surface and subsurface soil and the shallow groundwater of 
the VCRS contamination to support an assessment of risks to human health and the environment 
and the selection of actions to reduce these risks. In addition, contamination in the RGA and 
McNairy Formation was characterized to determine if contamination in the RGA acted as a 
secondary source of contamination to groundwater. Investigati:ve activities included sampling 
and analysis of surface and subsurface soils, groundwater, and investigation derived waste. 

170 facilitate data aggregation and to focus results on specific areas, this BRA derives risk estimates 
for the sectors defined in Vol. 1 of this report in addition to the whole of WAG 6. The sectors and their 
definitions are as follows: 

• Sector I-the area under the C-400 Building . 

• Sector 2-the area to the northeast of the C-400 Building. This sector contains SWMV 40 . 
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• • Sector 3-the area to the east of the C-400 Building. This sector does not contain a SWMU . 
• Sector 4-the area to the southeast of the C-400 Building. This sector contains SWMU 11. 
• Sector 5-the area to the southwest of the C-400 Building. This sector does not contain a SWMU. 
• Sector 6--the area to the west of the C-400 Building. This sector contains SWMU 47. 
• Sector 7-thearea to the northwest of the C-400 Building. This sector contains SWMU 203. 
• Sector 8:--the.area ,to the farnorth and northwest oftheC-400 Building. This sector contains SWMU 26. 
• Sector9-the area to the far east and northeast of the ~-400 Building. This sector does not contain a 

SWMU. 

Consistent with regulatory guidance and previous agreements, the BHHRA evaluates scenarios that 
encompass current use and several hypothetical future uses of the WAG 6 area and areas to which 
contaminants from WAG 6 may migrate. These areas follows. 

• Current on-siteindustrial-direct contact with surface soil (soil found 0 to 0.3 m, 0 to 1 ft, bgs). 

• Future on-site industrial-direct contact with surface soil at and use of groundwater drawn from 
aquifers below the WAG 6 area. 

• Future on-site excavation scenario----direct contact with surface and subsurface soil ~soi1 found 0.3 to 
4.6 m, 1 to 15 ft, bgs). 

• Future on-site recreational user--consumption of game exposed to contaminated surface soil. 

• Future off-site recreational user-direct contact with surface water impacted by contaminants 
• migrating from sources and consumption of game exposed to this surface water. 

• 

• Future on-site rural resident-direct contact with surface soil at and use of groundwater drawn from 
aquifers below the WAG 6 area, including consumption of vegetables that were posited to be raised 
in this area. 

• Future off-site rural resident's use in the home Of groundwater drawn from the RGA at the DOE 
property boundary . 

This report also contains a BERA for nonhuman receptors that may come into contact with contaminated 
media at or migrating from sources in the WAG 6 area. As with the BHHRA, the BERA utilizes information 
collected during the recently completed remedial investigation. 

Major conclusions and observations of the BHHRA and BERA are presented below. 

General 

• For all sectors and the C-400 area, the cumulative human health excess lifetime cancer risk (ELCR) and 
systemic toxicity exceeds the accepted standards of the KDEP and the United States Environmental 
Protection Agency (EPA) for one or more scenarios. The results for each scenario and sector 
combination are presented in the Executive Summary. More detailed summaries of the human health 
risk assessment results for all land uses, .including contaminants of concern (COCs) and pathways of 
concern (POCs) are in Tables ES.2 to ES.l1 of the Executive Summary of the Baseline Risk 
Assessment (BRA). Note, 'Fables ES.2 ,to ES.!ll present the risk results calculated using default 
exposure parameters, exposure pathways, and toxicity values. Because there is considerable uncertainty 
in some of these exposure parameters, exposure pathways and toxicity values, four additional tables 
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(Tables 3.17 through 3.20) present results of a quantitative uncertainty analysis. In this analysis, 
approved toxicity values and site-specific exposure parameters and exposure pathways are used to .' 
calculate risk estimates for the current and future industrial worker. Although Tables ES.2 to ES.ll 
of the Executive Summary of the BRA summarize the risk results for all land uses, only the results 
for the current land use and the most plausible future land use are discussed. 

• Because the WAG 6 area is located in the heavily industrialized portion of the PGDP, the BERA 
concluded during problem formulation that it would not be appropriate to derive risk estimates for 
impacts to nonhuman receptors in the WAG 6 area under current conditions. However, in an 
analysis to determine potential impacts to nonhuman receptors exposed to contaminants in surface 
soil in the future if the industrial infrastructure was removed or abandoned and to estimate the 
potential impact of surface migration of contaminated media, several contaminants in surface soil 
were found to be at concentrations greater than those derived from ecological benchmarks for 
protection of nonhuman receptors. Summary tables of the risk assessment done for the WAG 6 BRA 
are presented here. Table 3.16 presents the hmd uses of concern found in Table ES.l of the WAG 6 
BRA. Tables 3.17 through 3.20 present the risk results and the quantitative risk summaries found in 
Tables ES.12 through ES.15 of the WAG 6 BRA. 

3.2.4 WAG 27 

The sites that comprise WAG 27 are suspected sources of off-site groundwater contamination (DOE 
1996a). Four units/areas are included in WAG 27: 

o C-747-C Former Oil Landfarm (SWMU 1), 
• UF6 Cylinder Drop Test Area (SWMU 91), 
• C-746-A Septic Systems (SWMU 196), and 
• C-720 Complex (including theC-720 Building and surrounding areas). 

SWMU 1 and SWMU 91 were grouped into WAG 27 because they were suspected sources of TCE 
contamination in the RGA. However, because PCB contamination was found in surface soils ,at SWMU 1 
during the Phase I and Phase IT SI, the surface soils were included in WAG 23, with subsurface soils and 
groundwater being assigned to WAG 27. Although no specific releases have been documented at SWMU 196, 
it was included in WAG 27 as a potential source of off-site contamination In the Northwest Plume 
because it was recognized that the potential exists for past TCE releases through the septic systems. The 
C-720 Complex was included in WAG 27 because it was identified as a possible source of TCE 
contamination in the southwestern portion of the plant during the Phase N Groundwater Investigation. 
Two additional sites associated with the C-720 Building,theC-nO Compressor Shop Pit Sump (SWMU 209) 
and the C-720 TCE Spill Site- Northeast (AOe 211), are also included in WAG 27. 

The following subsections present site-specific information concerning the SWMUs/areascomprising 
WAG 27. A list identifying the sites included in WAG 27 and a map showing the locations of these sites 
are given in Table 321 and Fig. 3.20, respectively. Unless otherwise noted~ the information presented is 
derived from the Remedial Investigation Report for Waste Area Group 27 at the Paducah Gaseous 
Diffusion Plant (DOE 11999b). 
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Table 3.16. Land uses of concern for WAG 6" 

Location (sector number) 
Scenario WAG 6 1 2 3 4 

Results for systemic toxicitl 
Current Industrial Worker X· NA ii ii ii 
Future Industrial Worker 
Exposure to Soil X· NA ii ii ii 
Exposure to WaterC X· 
Future Excavation Worker X· X X Xf X· 
Future Recreational User Xf NA ii ii ii 
Future On Site Resident 
Exposure to Soil X· NA X X X 
Exposure to WaterC Xe 

Future OfT Site Resident X ii ii ii, X 
Exposure to Waterd 

Results for excess lifetime cancer risk 
Current Industrial Worker X NA X X X 
Future Industrial Worker 
Exposure to Soil X NA X X X 
Exposure to WaterC X 
Future Excavation Worker X X X X X 
Future Recreational User X NA ii X ii 
'Future On Site Resident 
Exposure to Soil X NA X X X 
Exposure to WaterC X 
Future OfT Site Resident 
Exposure to Waterd X NA X X X 
Notes: Scenarios where risk exceeded! the benchmark levels are marked with.an X. 

Scenarios where risk did not exceed a benchmark level are marked with an. 
NA indicates that the scenario/land use combination is not appropriate. 

• F ormerlyTable ES.l. Land Uses of Concern for WAG 6. 

5 6 

X X 

X X 

Xe X 
ii ii 

X X 

X ii 

X X 

X X 

X X 
X X 

X X 

X X 

7 8 9 

X· ii, X 

X· ii X 

X· X· X· 
ii ii ii 

Xe X X 

X X ii, 

X X X 

X X X 

X X X 
ii X ii 

X X X 

X X fi 

b For the future recreational user, the future teen recreational user results are used. For the future on-site resident, the results for 
exposure to a child are used. 

c'ln the BHHRA, the risk from. exposure to water was assessed on a WAG 6,area basis; therefore, these risks are not summed with 
those from exposure to soil. Additionally, the BHHRA assessed risks from use of water drawn from the RGA separately from 
use of water drawn from'the McNairy Formation. The value reported here is for use of water from the RGA. 

d Based on results of contaminant transport modeling. X indicates that the location contains a source of unacceptable ofT-site 
contamination. 

• Even if contribution from lead is not considered, these'remain,of concern. 
flfcontribution from.lead is notconsidered"then the total HI falls below I, and the scenario is not ofconceril. 
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Table 3.17. Risk Results and Quantitative Risk Summaries for WAG 6 SWMUs 

Location 
WAG 6 
Sector 1 
Sector 2 
Sector 3 
Sector 4 
Sector 5 
Sector 6 
Sector 7 
Sector 8 
Sector 9 

Default ELCR3 

3.3 x 10-4 
NV 

1.7 x 10.5 

8.S x 10.5 

3.7 x 10.6 

4.0 x 10-4 
1.1 X 10.3 

12 x 10.4 

2.4 x 10.4 

5.2 x 10.6 

Site-specific ELCRb 

2.1 x 10'5 
NV 

1.1 x 10.6 

5.4 X 10.6 

2.3 X 10.7 

2.6 x 10.5 

7.3 x 10.5 

7.9 x 10-6 
1.5 x 10.5 

3.3 X 10.7 

DefaubELCR minus Default ELCR calculated 
common laboratory using EPA default dermal 

contaminants absorption values· 
3.3 x 10-4 4.1 x 10.5 

NV NV 
1.7 X 10.5 3.8 x 10.6 

8.5 x 10.5 3.0 x 10.5 

3.7 x 10.6 5.9 X 10.7 

4.0 x 10-4 4.5 x 10.5 

1.1 x 10.3 1.5 x 10.4 

12 x 10.4 5.7 X 10.6 

2.4 x 10.4 9.8 X 10.6 

5.2 x 10.6 3.7 x 10.6 

Notes: NV indicates that a value is not available because the sector encompasses the area below the C-400 Building. 

Default ELCR minus 
analytes infrequently 

detected 
3.3 x 10"4 

NV 
1.7 X 10.5 

8.5 x 10.5 

3.7 x 10-6 
4.0 x 10-4 
1.1 X 10.3 

1.2 x 10-4 
2.4 x 10-4 
5.2 X 10.6 

"These values were derived using the default exposure rates for the reasonable maximum exposure scenario approved by regulatory agencies. 
~hese values were derived using site-specific exposure rates for general maintenance workers at PGDP. (See Subsect. 1.6.2.5.) 
cThe values were calculated using the soil dermal absorption rates suggested by EPA. (See Subsect. 1.6.2.4.) 

Lower-bound 
ELCRd 

2.6 x 1006 

NY 
2.4 x 10.7 

1.9 x 10-6 
3.8 x 10.8 

2.9.x 10-6 
9.8 x 10.6 

3.7 x 10.7 

6.2 x 10.7 

2.3 x 10.7 

dThese values were derived using site~specific exposure rates for general maintenance workers at PGDP and EPA default dermal absorption values and ornitting contributions from 
common laboratory contaminants and infrequently detected analytes. The values should be used as a lower-bound estimates of risk when considering the appropriate actions to 
address contamination at WAG 6. 

*Formerly "Table ES.12. Quantitative Summary of Uncertainties for the Current Industrial Worker- Excess Lifetime Cancer Risk" 
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Default 

Location ELCR' 
WAG 6 McNairye 4.5 x 10.3 

WAG6RGA" 2.7 x 10.3 

WAG 6 soil 3.3 x 10.4 

Sector 1 NV 
Sector 2 1.7 x 10-5 

Sector 3 8.5 x 10-5 

Sector 4 3.7 x 10-6 

Sector 5 4.0 x 10-4 

Sector 6 1.1 x to-3 

Sector 7 1.2 x to-4 

Sector 8 2.4 x 10-4 

Sector 9 5.2 x 10-6 

• 
Table 3.1S. Risk Results and Quantitative Risk Summaries for WAG 6 SWMUs 

Site-specific 
ELCRb 

4.5 x 10-3 

2.1 x 10-3 

3.3 x 10-4 

NV 
1.7 x 10-5 

8.5 X 10-5 

3.7 x 10-6 

4.0 x 10-4 

1.1 x 10-3 

1.2 x 10-4 
2.4 X 10-4 
5.2 X 10-6 

Default ELCR minus 
common laboratory 

contaminants 
4.5 x 10'3 
2.7 x to-3 

3.3 x 10-4 

NV 
1. 7 x 10-5 

8.5 x 10-5 

3.7 x to-6 

4.0 X 10-4 

l.l x to-3 

1.2 x 10-4 
2.4 X 10-4 

5.2 X to-6 

Default ELCR calculated 
using EPA default dermal 

absorption values~ 
4.5 x 10-3 

2.7 x 10-3 

4.1 x 10-5 

NV 
3.8 x 10-6 

3.0 x 10-5 

5.9 x 10-7 

4.5 x 10-5 

1.5 x 10-4 

5.7 X 10-6 

9.8 X 10-6 

3_7 x 10-6 

Default ELCR 
minus analytes 

infrequently 
detected 
1. 7 x 10-3 

2.1 x 10-3 

3.3 x 10,4 
NV 

1.7 x 10-5 

8.5 x 10-5 

3.7 x 10-6 

4.0 x 10-4 

1.1 X 10-3 

1.2 X 10-4 

2.4 x 10-4 
5.2 x 10-6 

Notes: NY indicates that a value is not available because the sector encompasses the area below the C-400 Building. 

• 
Lower-bound 

ELCRd . 

1.7 x 10-3 

2.0 x 10-3 

4.1 x 10-5 

NV 
3.8 x 10-6 
3.0 x to-5 

5.9 x 10-7 

4.5 x 10-5 

1.5 x to-4 
5.7 x 10-6 

9.8 x to-6 
3.1 x 10-6 

"f 'These values were derived using the default exposure rates for the reasonable maximum exposure scenario approved by regulatory agencies. 
0\ b-y'hese values were also derived using the default exposure rates for the reasonable maximum exposure scenario because it is unknown what the site-specific exposure rates may be 

in the future. 
cthese values were calculated using the soil dermal absorption rates suggested by EPA. (See Subsect. 1.6.2.4.) 
dThese values were derived using default exposure rates for the reasonable maxiJTium exposure scenario and EPA default dermal absorption values and omitting contributions from 

laboratory contaminants and infrequently detected analytes. The values should be used as lower-bound estimates of risk when considering the appropriate actions to address 
contaminatiol1 at WAG 6. 

·Yalues are for groundwater use by the future industrial worker. 
*Formerly "Table ES.13. Quantitative Summary of Uncertainties for the Future Industrial Worker-Excess Lifetime Cancer Risk" 



W 
I 

0'1 
tv 

Table 3.19. Risk Results and Quantitative Risk Summaries for WAG 6 sWMUs 

Default HI calculated 
Default HI minus EPA default dermal 

Default HI w/o Site-specific HI w/o common laboratory absorption values 
Location Default HI" lead leadb contaminants w/o lead w/o leadc 

WAG 6 1,160 1.8 < 1 1.8 < 1 
Sector 1 NY NY NY NY NY 
Sector 2 < 1 <I < I < I < I 
Sector 3 < I < I < I <1 < I 
Sector 4 < 1 < 1 < 1 < I < I 
Sector 5 1.8 1.8 < 1 1.8 < I 
Sector 6 1.2 1.2 < I 1.2 < 1 
Sector 7 1,890 1.6 < I 1.6 < I 
Sector 8 1.0 1.0 < 1 1.0 < 1 
Sector 9 1.3 1.3 < I 1.3 < I 
Notes: NY indicates that a value is not available because the sector encompasses the area below the C-400 Building .. 
< I indicates that the hazard index is less than the de millimlls level. 

Default HI minus 
analytes 

infrequently 
detected w/o lead 

1.8 
NV 
<1 
< 1 
< I 
1.8 
1.2 
1.6 
1.0 
1.3 

"These values were derived using the default exposure rates for the reasonable maximum exposure scenario approved by regulatory agencies. 
~hese values were derived using site-specific exposure rates for general maintenance workers at PGDP. (See Subsect. 1.6.2.5.) 
cThe values were calculated using the soil dermal absorption rates suggested by EPA. (See Subsect. 1.6.2.4.) 

Lower-
bound Hr 

< 1 
NY 
< 1 
< 1 
< I 
< I 
< 1 
< 1 
< 1 
< I 

dThese values were derived using site-specific exposure rates for general maintenance workers at PGDP and EPA default dermal absorption values and omitting contributions from 
common laboratory contaminants and infrequently detected analytes. The values should be used as a lower-bound estimates of risk when considering the appropriate actions to 
address contamination at WAG 6. 

"'Formerly "fable ES.14. Quantitative Summary of Uncertainties for the Current Industrial Worker-Systemic toxicity" 

• • • 
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Table 3.20. Risk Results and Quantitative Risk Summaries for WAG 6 SWMUs 

Default HI calculated 
Default HI minus using EPA default 

Default HI Site-specific HI common laboratory dermal absorption 
Location Default HID w/oJead w/o leadb contaminants w/olead values. w/o lead( 

'WAG 6 McNairye 
.... 

11,500 20.6 20.6 ~0.6 20.6 
WAG6RGAe 3,320 37.7 37.7 37.7 37.7 
WAG 6 soil 1,160 1.8 1.8 1.8 < 1 
Sector I NV NV NV NV NV 
Sector 2 < 1 < 1 < \ < \ < \ 
Sector 3 <1 < 1 < 1 < 1 < \ 
Sector 4 < \ < 1 < 1 < 1 <1 
Sector 5 1.8 1.8 1.8 1.8 <1 
Sector 6 1.2 1.2 1.2 1.2 < 1 
Sector 7 1,890 1.6 1.6 1.6 < 1 
Sector 8 1.0 1 \ 1.0 < \ 
Sector 9 1.3 1.3 1.3 1.3 < 1 
Notes: NY indicates that a value is not available becausethe sector encompasses the area below the C-400 Building. 
< I indicates that the hazard index is less than the de lIIillillll/S level. 

Default HI minus 
analytes infrequently 

detected w/o lead 
20.6 
37.7 
1.8 
NV 
< I 
< 1 
<1 
1.8 
1.2 
1.6 
1.0 
1.3 

'These values were derived using the default exposure rates for the reasonable maximum exposure scenario approved by regulatory agencies. 

• 
Lower-bound 

HId 
20.6 
37.7 
< I 
NY 
<\ 
< 1 
<1 
< 1 
< 1 
< 1 
< 1 
< 1 

~hese values were also derived using the default exposure rates for the reasonable maxirnum exposure scenario because it is unknown what the site-specific exposure rates may be 
in the future. 
cThese values were calculated using the soil dermal absorption rates suggested by EPA. (See Subsect. 1.6.2.4.) 
dThese values were derived using default exposure rates for the reasonable maximurn exposure scenario and EPA default dermal absorption values and omitting contributions trom 

laboratory contaminants and infrequently detected analytes. The values should be used as lower-bound estimates of risk when considering the appropriate actions to address 
contamination at WAG 6. 

·Yalues are for groundwater use by the future industrial worker. 
*Formerly "Table ES.IS. Quantitative Summary of Uncertainties for the Future Industrial Worker-Systemic Toxicity" 



SWMU,1 
SWMU91 
SWMU ,196 
SWMU209 
C-720 Complex 
AOC 211 

SWMU 

3.2.4.1 SWMU 1 

Locatioll alld Descriptioll 

'Fable 3.21. WAG 27 SWMU sites 

Description 
C-747-C Former Oil Landfarm 
UF6 Cylinder Drop Test Area 
C-746-A Septic Systems 
C-720 Compressor Shop Pit Sump 
C-720 Maintenance and Stores Building and Surrounding Areas 
C-720 TeE Spill Site- Northeast 

TheC-747-C Oil Landfann (SWMU 1) is located in the southwest portion of the fenced security 
area of the plant, south of the C-745-A Cylinder Yard. The SWMU includes the area bounded by Fourth 
Street to the east and by perimeter ditches on the north, west, and south ~Fig. 3.21). The total area of the 
SWMU is approximately 8,947 m2 (96,300 ft2) and encompasses two disposal plots covering approximately 
104.5 m2 (1,125 ft2) each. Based on historical aerial photographs and trench excavations conducted during 
the WAG 27 RI, these plots are thought to be located in the northern portion of SWMU 1 (DOE 1999b). 
Surface geophysical surveys at SWMU 1 have identified three anomalous areas, two of which possibly 
contain buried metal and the third likely containing a metal pipe. These three areas are labeled A, B, and C, 
respectively, in Fig. 3.2 t 

Settillg 

The following paragraphs describe the surface-water hydrology, wetlands, ecological and cultural 
resources, soils, and buried utilities at SWMU 1. The information presented' is derived from the Remedial 
Investigation Report for Waste Area Group 27 at the Paducah Gaseous Diffusion Plant (DOE 1999b) 
and the Feasibility Study for Waste Area Group 23 and Solid Waste Management Unit J of Waste Area 
Group 27 at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE 1996a). 

Surface-water hydrology, wetlands, and floodplains. The ground surface at SWMU 1 isgrass-covered 
and relatively flat, grading gently from 114 m (375 ft) amsl on the east to about ,113 m (370 ft) amsl on the 
west. West-trending drainage ditches are present on the north and south sides of the unit and a south-trending 
drainage ditch is present on the west. Stonnwater runoff from SWMU 1 flows to one of these perimeter 
ditches and discharges via KPDES Outfall 008 to Bayou Creek. Some runoff from the C-745-A Cylinder 
Yard and the C-740 Material Yard also enters the ditches at the north side and south side of SWMU 1, 
respectively. Jurisdictional wetlands identified in the vicinity of SWMU 1, are limited to the perimeter 
drainage ditches and are shown in Fig. 3.21. A tOO-year floodplain is located' to the southwest of SWMU 1. 

Ecological and cultural: resources. The site is covered with grassy vegetation that is maintained by 
mowing. However, the ditches are grass-covered and so potentially provide 'limited wildlife habitat. The 
ditches generally are dry and do not support an aquatic community. No potential habitats for federally 
listed T &E species are present within the fence (CDM Federal 1994). All of the area inside the PGDP 
security .fence has been previously disturbed and, consequently, is not likely to contain any undisturbed 
sites of archaeological significance. In addition, no properties in the vicinity of SWMU 1 currently are 
included on, or nominated for inclusion on, the National Register of Historic Places (NRHP). 
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Soils and prime farmland. Soils at SWMU 11 have been classified as Calloway silt loam (0% to 2% 
slope). The Calloway soil series contains poorly-drained acidic soils formed· in loess or alluvium (USDA • 
1976). The soils in the oillandfarm have been disturbed by past operations and, consequently, are not 
classified as prime farmland. 

Underground utilities. Electromagnetic ground conductivity and magnetometer surveys were performed 
at SWMU 1 during the Phase II SI. The purpose of the geophysical surveys was to find approximate 
locations of the former landfarm plots and the raw water pipeline at the unit. The results of the surveys 
showed no evidence of the landfarm plots or the reported gravel underdrain beneath the plots. However. a 
linear anomaly crossing the site from northeast to southwest was identified as the buried raw water pipeline. 

ManufacturingITSD Processes 

The landfarm was used for the biodegradation of contaminated waste oils from 1975 to 1979. When 
in use, the area was plowed to a depth of 0.3 to 0.6 m (1 to 2 ft), and then waste oils, contaminated with 
'FCE, 1,1, I-trichloroethane (TCA), uranium, and PCBs, were spread across the surface. It is estimated 
that approximately 5000 gal of waste oil were applied to the landfann, with the oil being added to the 
plots at 3- ,to 4-month intervals (CH2M HILL 1992). Although sources of the waste oils are not reported, 
it is assumed that they were derived from virtually all areas of the plant. Periodically, lime and fertilizers 
were plowed into the soil to promote the biodegradation of contaminants. At one time, a layer of gravel 
was placed below the soil in the landfarm to improve drainage; After use of the landfarm was discontinued 
in 1979, a minimal cover [< 30 cm « 12 in.)]. was placed over the two disposal plots (nOE 1999b). 

Summary of Previous Investigations at SWMU 1 

The following subsections describe the previous sampling activities conducted at SWMU 1 and .' 
provide summaries of the nature and extent of contamination, fate and transport of contaminants, and 
previous risk assessments at the unit. The information presented is primarily derived from the Integrated 
Remedial Investigation/Feasibility Study Work Plan for Waste Area Grouping 27 at Paducah Gaseous 
Diffusion Plant. Paducah, Kentucky (DOE 1997a) and the Remedial Investigation Report for Waste Area 
Group 27 at the Paducah Gaseous DiffuSion Plant, Paducah, Kentucky (DOE 1999b). 

Sources of Data 

The following investigations and sampling activities have been conducted at SWMU 1. 

• The two-phased CERCLASI conducted in 1991 and 1992, which included the installation of four 
RGA soil ,borings, to shallow soil borings, and four groundwater monitoring wells at the unit. In 
addition, two surface geophysical surveys, electromagnetic and magnetometer, were conducted 
during the Phase II SI (CH2M HILL 1992). Aquifer slug tests were conducted at two RGA wells 
(MWs 1M and 188) and two UCRS wells (MWs 1'62 and 189) in the vicinity of SWMU 1. The 
location of the SI sampling points are shown in Fig. 3.22. 

o Soil sampling activities at SWMU 1 focusing on the delineation of the extent of PCB and dioxin 
contamination in surficial soils at the unit. These sampling activities were performed in support of 
WAG 23 RIlFS and so are discussed in Sect. 3.2.8. 

• The Environmental Surveillance (Annual Monitoring) Program at the PGDP, which includes the 
collection of groundwater samples from upgradient and downgradient RGA monitoring wells (MWs 188 
and 161, respectively). In addition, historical groundwater sampling data are available from two 
shallow (UCRS) monitoring wells in the vicinity of the unit (MWs 1162 and 189). 
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• The WAG 27 RI activities at SWMU ,1. These activities included a surface geophysical survey (EM-61 
magnetometer), soil sampling from eight test pits dug to investigate geophysical anomalies, sediment. 
sampling from seven locations in the ditches, and soil and' groundwater sampling from 73 borings. 
The locations of the WAG 27 sampling points are shown in Fig. 3.22. 

Geology/Hydrogeology 

The hydrogeologic conceptual model for SWMU 1 is shown in Fig. 3.23. The following lithologies 
are encountered at the landfann, in order of increasing depth: surface soil/loess [between 0 to 4.6 m (0 to 
15 ft) bgs], continental deposits [between 4.6 to 32 m (15 to 105 ft) bgs), and the McNairy Formationl[at 
approximately 32 m (105 ft)bgs]. The loess consists primarily of silty clay to clayey silt, with occasional 
traces of fine sand and gravel. The Upper Continental Deposits are approximately 1<2.2 m (40 ft) thick 
and consist of silty or sandy clay with occasional, discontinuous layers of sand or gravel. The Lower 
Continental Deposits consist of 12.2 to 18.3 m (40 to 60 ft) of gravelly sand or chert gravel. 

The depths to the top of the McNairy Fonnation vary from a low of approximately 79 m (259 ft) to a 
high of 83 m (273 ft) amsl in the vicinity of the landfann. Lithologic data from boreholes in the 
surrounding area indicate an east-west trending subsurface trough (as evidenced by a structural low in 
the top of the McNairy) may exist north of SWMU 1. A micaceous silty clay layer, believed to be the 
Levings Member of the McNairy Formation, is generally encountered approximately 13.7 m (45 ft) 
below the top of the McNairy at a depth of approximately 45.7 m(l50 ft) bgs. 

Based on soil boring logs and monitoring well data for the area, three flow systems have been 
delineated at the SWMU 1 site. These layers correspond to the permeable sand and gravel layers within 
the VCRS [generally found between 4.6 and 12.2 m (15 and 40 ft) bgs), the RGA [lying between 
approximately 16.8 to 32 m(55 to 105 ft) bgs), and the McNairy Flow System. Figure 3.23 presents a • 
cross-section delineating these layers. The sand and gravel lenses of the UCRS are separated from the . 
RGA by a 3- to 4.6-m (10- to 1'5-ft) thick silty or sandy clay interval, designated the HU3 aquitard. 

Large differences in hydraulic head (as much as 9 m, 30 ft) between the UCRS and the RGA have 
been measured in MW162 (VCRS) and MW161 (RGA) on the northern edge of the SWMU 1 (DOE 1999b). 
Water within the UCRS tends to flow downward as a result of this large hydraulic gradient between the 
UCRS and the RGA. However, colloidal borescope measurements at MW162 suggest there is .also a 
southeasterly component of flow within the UCRS that may have an impact on shallow groundwater 
movement at the northern edge of the landfann(DOE 1'996a). Slug tests conducted at MWs 162 and 189 
yielded an average hydraulic conductivity of3 x to-scm/sec (0_08 ftld) in the VCRS (CH2M HILL 1992). 

Groundwater flow in the RGA at SWMU 1 is primarily toward the northwest and the hydraulic 
gradient typically is less than 2.0 x 10-4. According to water-level measurements conducted at the landfann 
in January 1998,the potentiometric surface ranges from 98.83 to 98.78 m (324.24 to 324;09 ft) amsl'. 
Aquifer slug tests completed in MWs 161 and 188 in f992 yielded an average hydraulic conductivity 
value 00.1 x 10-2 cmlsec (87.8 ftld) in the RGA. 

Nature and Extent of Contamination 

Previous sampling activities at SWMU 1 can be divided into two categories: sampling .conducted to 
address the PCB and: dioxin contamination in surface soils and ditch sediments at the unit, and sampling 
conducted to investigate contamination present in subsurface soils and groundwater. The surface soil and 
sediment sampling atSWMU 1 is discussed as part of WAG 23 (Sect. 3.2.8) and so is not presented here. 
The following discussion focuses on the results of groundwater and subsurface soil sampling conducted • 
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during pre¥ious investigations. "fheresults of subsurface soil and groundwater sampling conducted at • 
SWMU 1 for the WAG 27 RI are summarized in Table 3.22. 

To investigate subsurface soils at SWMU 1, 198 soil samples were collected from 73 borings varying 
in depth from 1.5 to 15 m (5 to 50 ft) bgs during the WAG 27 RI. Two YOAs, TCE and vinyl chloride, 
were detected in subsurface soil samples at levels exceeding screening values. The maximum TCE 
concentration was 439,000 Ilglkg, detected at a depth of 4.6 m (15 ,[t) bgs from boring 001-165 in the 
north-central portion of SWMU 1. This concentration is above leve1sconsidered indicative of the presence of 
DNAPL. Four other soil borings at SWMU 1 contained soil samples with TeE concentrations greater than 
10,000 Ilg/kg. In addition, the TCE breakdown product cis-I,2-DCE was detected at a concentration of 
2,400;0001lg/kg at a location east of boring 001-165 during WAG 23 soil sampling conducted in February 
1996. The elevated concentrations ofTCE and its breakdown products detected in subsurface soils at SWMU 1 
indicate a small DNAPL source area may exist within shallow «10 m, 32 ft, bgs) UCRS soils. The 
potential DNAPL source is likely confined to the HUlclays and HU2 sands and gravels in the immediate 
area surrounding soil boring 001-165. A water sample froin boring 001'-173 at elevation 98 m (322 ft) 
amsl provides characterization of dissolved~phase TCE levels in the upper RGA immediately 
downgradient of the Former Oil Landfarm. The TCE-in-water level is 312 IlglL, which compares 
favorably to inferred dissolved~phase levels in the "hot spot" zone and suggests a deep UCRS or RGA 
DNAPL source does not occur (higher dissolved 'levels would be expected). 

Metals contamination was identified in subsurface soil from 1.5 to 4.6 m (5 to 15 ft) bgs. Radionuclides 
were not detected above screening level in subsurface soil samples. 

Fate and Transport 

Contaminant fate and transport modeling has been conducted for SWMU I, Modeling was • 
conducted for the WAG 23 FS using the Summers Model and the Residual Radioactivity (RESRAD) 
computer code and for the WAG 27 FS using Multimedia Environmental Pollutant Assessment System 
(MEPAS) software. The results of the Summers and RESRAD modeling indicated that 99Tc was present 
in surface soils at the unit at levels that could potentially leach into the RGA. However, the area where 
~c contamination was identified was removed during the excavation of dioxins conducted as part of a 
non .. :time critical removal action at WAG 23. Additional WAG 23 modeling results focus on the fate and 
transport of surface contaminants and so are further discussed in Sect. 3.2.8. 

The MEP AS model calculates the fate and transport of contaminants from specified source terms 
and determines the associated risk to identified receptors. 'For this modeling, the groundwater contaminant 
transport portion of MEPAS was used to model contaminant concentrations to two receptor points: the 
PGDPsecurity fence and the DOE property boundary. 

Subsurface soil data were provided by the WAG 27 RI, theCERCLA SI, and the May 1998 investigation 
(which included test pit excavations) of geophysical anomalies at the unit (DOE 19980. RGA soil-sampling 
data were available from three soil borings installed at the unit for the CERCLA SI (CH2M HILL 1992) 
and from additional1borings installed for the groundwater data gaps investigation in 1999. 

Previous Remedial Actions 

The DOE conducted a non-time critical removal action at SWMU 1 in January and February 1998. 
"fhis action was taken to address PCB contamination in surface soils at SWMU 1, and so is included in 
the discussion of WAG 23 in Sect. 3.2.8. No actions have been taken to address existing groundwater '. 
contamination at the unit. 
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0 Table 3.22. Results of Soil and Sampling Conducted for SWMU 1 at the PGOP 0 
6 
:::: 
'2 Number of Number of Detection-s 0 
(') 

Analytical 2§ Number of Detections above BG & PRG Maximum Result Minimum Result A verllge Result 
00 Sample Type Group Analytical Compound Analvses· above BG" _ Screening Values· above BGa above BGD aboveBG" Units N 
~ -:::: Trench VOA Trichloroethene 5 4 t 1,200.000 11.000 434.000 ~glkg 

Vinyl chloride 5 2 2 270.000 67.000 168.500 Ilglkg 
SVOA Phenol 2 2 0 23,000.000 2,900.000 12,950.000 Ilglkg 

2,4-Dimethylphenol 0 15,000.000 15,000.000 15,000.000 Ilglkg 
Di-n-butyl phthalate 0 9,000.000 9,000.000 9,000.000 Ilglkg 
m,p-Cresol 5 I ° 8,600.000 8,600.000 8,600.000 Ilglkg 
Total Cresols 5 I ° 8,600.000 8,600.000 8,600.000 Ilglkg 

PCB PC8-1242 2 2 2 500.000 500.000 500.000 Ilglkg 
PCB-1268 2 2 2 5,600.000 4,200.000 4,900.000 Ilglkg 
Polychlorinated biphenyl 5 2 2 17,100.000 4,700.000 10,900.000 Ilglkg 
PCB-1260 I I 1.1,000.000 11,000.000 11,000.000 Ilg/kg 

Metals Mercu-ry 5 2 ° 0.310 0.260 0.285 mglkg 
Chromium 5 I 0 17.100 17.100 17.100 mglkg 
Nickel 5 I 0 116.000 116.000 116.000 mglkg 

Radioactive Uranium 5 5 0 80.000 6.800 42.840 pCi/g 
w isotopes Teehnetium-99 5 3 0 10.000 6.000 8.667 pCi/g 
I 

....... Neptunium-237 .5 2 0 0.570 0.410 0.490 pCi/g w 
Ainericium-24I 5 0 0.430 0.430 0.430 pCi/g 
Plutonium-239/240 5 0 0.130 0.130 0.130 pCilg 

Sediment Metals Barium 7 I 247.000 247.000 247.000 mg/kg 
Beryllium 1 I 0.800 0.800 0.800 mg/kg 
Chromium 7 0 16.800 16.800 16.800 mg,tkg 
Cobalt 7 0 15.400 15.400 15.400 mglkg 
Manganese 7 I 1,990.000 1,990.000 1,990.000 mglkg 
Nickel 7 I 0 23.400 23.400 23.400 mg/kg 

Thallium 7 I I 1.560 1.560 1.560 mglkg 

Zinc 7 I 0 67.000 67.000 67.000 mg/kg 

Radioactive Uranium 6 6 0 12.300 3.200 5.983 pCi/g 

isotopes Uranium-238 6 6 0 5.200 2.100 3.117 pCi/g 

Plutonilim-239/240 6 5 I 26.820 0.070 5.482 pCi/g 

Neptunium-237 6 3 I 12.150 0.110 4.143 pCi/g 

Technetium-99 6 3 0 24.300 3.200 10.400 pCilg 

Americium-24I 6 2 0 7.830 7.830 7.830 pCi/g 

Cesium-I 37 6 2 0 0.550 0.510 0.530 pCi/g. 

Thorium-230 6 2 I 187.900 2.610 95.255 pCi/g 

Uranium-234 6 2 0 6.840 3.500 5.170 pCi/g 

Uranium-235 6 2 0 0.310 0.180 0.245 ECi/g 



Table 3.22. Results ofsoil and sampling conducted for sWMu 1 at the PGDP (continued) 

0 
Number of Number of Detedions 0 

0 Analytical Number of Detections above BG & PRG Maximum Result Minimum Result A verage Result =: 
'2 Sample Type Group Analytical Compound Analyses" above BG" Screening Values" above BG" above BGa above BG- Units 0 

" Subsurface soil VOA Trichloroethene 222 72 49 439-,000.000 6.000 18,520.194 f.1g1kg 23 
00 Irans~ I ;2-Pichloroethene 222 36 0 16,000.000 20.000 1,786.111 f.1g1kg to.> 

"'" I,I-Dichloroethane 27 10 0 4,300.000 90.000 1,095.000 f.1g1kg 0 

cis-I,2-bichloroethene 222 6 0 6,000.000 2.000 1,975.333 f.1g/kg 
Vinyl chloride 222 6 6 4,800.000 200.000 1,250.000 f.1g1kg 
Acetone 4 4 0 8.000 3.000 5.750 f.1g1kg 
1,2-Dichloroethene 199 I 0 2.000 2.000 2.000 f.1g1kg 

SVOA Bis(2-ethylhexyl)phthalate 138 17 0 100.000 35.000 56.353 f.1g1kg 
Di-n-butyl phthalate 138 2 0 50.000 50.000 50.000 Jiglkg 
2.4-Dimethylphenol 138 I 0 40.000 40.000 40.000 f.1g1kg 
4-Methylphenol 115 0 480.000 480.000 480.000 f.1g1kg 
Butyl benzyl phthalate 138 0 200.000 200.000 200.000 f.1g1kg 
Diethyl phthalate 138 0 60.000 60.000 60.000 f.1g1kg 
Phenol 138 0 1,900.000 1,900.000 1,900.000 Ilg/kg 
Total Cresols 23 I 0 4,400.000 4,400.000 4,400.000 f.1g1kg 

Metals Sodium 138 50 50 570.000 343.000 421.520 mglkg 
Cadmium 138 46 19 3.840 0.220 1.828 mglkg 

w Beryllium 138 26 , 26 1.660 0.700 0.892 mglkg 
-.J Zinc 138 24 0 306.000 60.200 100.646 mglkg .J:>. 

Antimony 138 15 15 1.720 0.530 0.928 mg/kg 
Vanadium 138 13 13 68.100 39.200 49.577 mglkg 
Aluminum 138 8 8 18,700.000 12,700.000 14,712.500 mglkg 
Magnesium 138 8 8 2,630.000 2,110.000 2,3\3.750 mglkg 
Arsenic 138 6 6 16.700 9.410 11.568 mglkg 
Barium 138 6 0 215.000 174.000 187.000 mglkg 
Chromium 138 5 0 123.000 43.500 67.280 mglkg 
Cobalt 138 5 0 29.900 13.300 20.300 mglkg 
Iron 138 5 5 35,500.000 28,200.000 30,620.000 mglkg 
Manganese 138 5 5 2,160.000 871.000 1,178.800 mglkg 
Nickel 138 5 0 29.700 24.000 26.740 mglkg 
Lead 138 I 29.700 29.700 29.700 mglkg 
Mercury 138 0 0.150 0.150 0.150 mglkg 
Silver 138 I 73.900 73.900 73.900 mg/kg 

Radioactive Uranium 66 40 0 22.000 1.500 3.528 pCi/g 
isotopes Uranium-238 66 21 0 9.000 1.300 2.610 pCi/g 

Uranium-234 66 5 0 12.600 3.200 7.500 pCi/g 
UraTlium-235 66 4 0 0.570 0.160 0.393 pCi/g 
Plutonium-239/240 66 3 0 2.720 0.060 0.950 pCi/g 
Americium-24I 66 2 0 0.100 0.080 0.090 pCi/g 
Technetium-99. 68 2 0 8.600 4.500 6.550 pCi/g 
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• • Table 3.22. Results of soil and sampling conducted for SWMU 1 at the PGDP (continued) 

Sample Type 
Subsurface soil 
(cont. ) 

Groundwater 

Analytical 
Group Analytical Compound 

Radioactive Neptunium-237 
isotopes Thorium-230 
(cont.) 
VOA I, I-Dichloroethene 

tralls-I,2-Dichloroethene 
Trichloroethene 

Radioactive Technetium-99 
isotopes Uranium 

Number of 
Number of Detections 
Analyses" above BG" 

66 1 
66 1 

"Number of analyses/detee·tions include both environmental samples and duplicate results. 

NiJlilber of Detections 
above BG & PRG Maximum Result Minimum Result 
Screening Values· above BG" above BG" 

0 0.200 O.~OO 

0 18.430 18.430 

7.000 7.000 
46.000 46.000 

312.000 312.000 
41.100 41.100 

0.040 0.040 

• 
Average Result 

above BG· Units 
0.200 pCi/g 

18.430 pCi/g 

7.000 JlglL 
46.000 JlglL 

312.000 Jlg/L 
41.100 pCi/L 

0.040 mg/L 



3.2.4.2 SWMl!J 91 

Location and Description 

The Cylinder Drop Test Area (SWMU 91) is located in the extreme west-central area of the plant 
between the southern edge of the C-745-B Cylinder Yard and Virginia Avenue. It encompasses approximately 
0.7 hectares (1.7 acres~. Figure 3.24 shows the location and physical features of SWMU 91. 

Setting 

The following subsections describe the surface-water hydrology, ecological resources, soils, geology, 
anrlihydrogeology at the cylinder drop test area. The information presented is primarily derived from the 
Record of Decision for Remedial Action at Solid Waste Management Unit 91 of Waste Area Group 27 at 
the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE T998a) and the Remedial Investigation 
Reportfor Waste Area Group 27 at the Paducah Gaseous Diffusion Plant (DOE 1i999b). 

Surface-water hydrology, wetlands, and floodplains. The ground surface at SWMU 911 is relatively 
flat and ranges in elevation from 113 m (371 ft) amsl near the drop test pad to 112 m (367 ft) amsl in the 
ditch to the south. Most of the ground surface is covered with approximately 1.2 m (4 ft) of gravel road base. 
The concrete and steel pad: used during the drop tests covers an area approximately 3 x 3 m (10 x 10 ft) 
and is approximately 2.1 m (6.75 ft) thick. The exact location of the entire test pit is unknown, but one 
comer of the pit was located during Phase llA of the Lasagna demonstration at SWMU 91 (Hines 1997). 
The pit was constructed of concrete with a metal lip and was located' approximately 0.5 m (1.5 ft) bgs. 
Runoff from SWMU9,]i predominately flows into the ditch immediately south of the drop test area and 
discharges via KPI>ES Outfall 015 to Bayou Creek, which is located approximately 460 m (1,500 ft) to 
the west. Wetlands have been identified in the ditches adjacent to SWMU 91, ,and a 100-year floodplain 
has been identified in the vicinity of SWMU 91 {Fig. 3.24). 

Ecological and cultural resources. The Cylinder Drop Test Site is covered by a gravel' layer 
approximately 1.2 m (4 ft) thick, and does not provide a suitable habitat for ecological receptors. The 
drainage ditch south of the unit is a grassy area that may provide wildlife habitat, but the small size limits 
its significance as wildlife· habitat. The ditch is generally dry and does not support an aquatic community. 
No potential habitats for federally listed T &E species are present at the cylinder drop test area. 

Soils and, prime farmland. The predominant soil type at the unit is a poorly drained acidic soil 
classi,fied as Henry Silt Loam (USDA 1976). The soils in this area have been disturbed by past activities 
and, consequently,are not classified as prime farmland. 

Mallu!acturillglTSD Processes 

Drop tests were conducted at the PGDP from late 1'964 until early 1965 and in February 1979 to 
demonstrate the structural integrity of the steel cylinders used to store and transport uranium hexafluoride 
(UF6). Prior to structural testing, the cylinders went through thermal conditioning by immersing them in a 
concrete pit containing dry ice and TCE. During the tests, a crane lifted the cylinders to a specified height 
and dropped them onto a concrete and steel pad to simulate worst-case transportation accidents. 

In the ,first test period, a brine-ice bath was used to chill one cylinder prior to its drop test. The ,1'979 
test used a TCE- and dry-ice bath to chiHone of the steel cylinders. The concrete in-ground pit that held 
the 'fCE refrigerant for cylinder immersion leaked and resulted in contamination of the surrounding shallow 
soil and groundwater. A:lthough the location of one corner of the pit was determined, the exact location 
of the entire pit is unknown. The pit is approximately 9 m (30 ft) from the drop pad. 
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The amount of TCE released at the drop test site can be estimated based on the size ot: the cylinders. 
The cylinders are 3.7 m (12.2 ft) long and 1.2 m (4 ft) in diameter with a lS.2-cm (6-in.) stiffening • 
ringllifting lug offset on each side, yielding a minimum tank width of }I.S m (S ft). The likely maximum 
quantity lost to the sUITounding soil is approximately 1 ;627.5 liters (430 gal) (DOE 1996b). 

Summary of Previous Investigations 

The following subsections describe the previous sampling activities conducted at SWMU 91 and provide 
summaries of the nature and' extent of contamination, contaminant fate and transport, and previous risk 
assessments at the unit. The infonnationpresented is primarily derived from the Remedial Investigation 
Reportfor Waste Area Group 27 at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE 1999b) 
and the Preliminary Site Characterization/Baseline Risk Assessment Technology Demonstration at Solid 
Waste Management Unit 91 of the Paducah Gaseous Diffusion Plant. Paducah. Kentucky ~DOE 1996b). 

The following investigations conducted in the vicinity of SWMU 91 have provided data useful for 
characterizing the hydrogeology and' the nature and extent of contamination at the site: 

• The CERCLA SI conducted in 19911 and 1992, which included the installation of four deep soil borings 
(H003, H201, H202, and H203) and three groundwater monitoring wells (MWs IS8, IS9, and 1!60) 
at the unit. 

• Geophysical surveys conducted in the area in 1993, including magnetometer, resistivity, terrain 
conductivity, and ground penetrating radar surveys. 

• Groundwater and soil sampling conducted April and May 1993 in support of the INTERA sand and 
gravel surfactant demonstration. 

• Installation of temporary wel1sand piezometers for the purpose of conducting pump and slug tests 
during May and August 1,993. 

• Three additional phases of soil sampling were conducted at the unit in May 1994, May through June 
11995, and February through March 1996 in support of the Lasagna™ demonstration. 

• Groundwater, soil, and sediment sampling conducted in li998 in support of the WAG 27 RI. The sampling 
included' sediment sampling at four locations in the perimeter ditches (091-003 through 091-006) 
and soil' and groundwater sampling from two deep (McNairy) borings (091-00 111 and 091-002). 

Geology/Hydrogeology 

• 

The lithologies encountered beneath the unit are as follows, in order of increasing depth: gravel fill 
material, loess deposits, the Continental Deposits, and the McNairy Formation. The loess deposits consist 
of approximately 4;6 m (1S ft) of silty clay directly underlying the surficial gravel cover at SWMU 91. 
The Upper Continental Deposits underlie the loess at a depth of about 6 m (20 ft) bgs and are from 9- to 
12-m (30- to 40-ft) thick. These deposits consist of a matrix of silty clay containing sand and gravel lenses. 
The shallow groundwater system at the site, the VCRS, consists of the upper Continental Deposits and 
overlying loess and has been divided into the following HUs: clay to clayey silt (HU 1), sand and gravel 
(HU 2), and clay or silty day (HU 3). A pump test in the area measured the hydrologic properties of HU 2, 
a 3-m( 10-ft) thick layer of sand and gravel encountered at a depth of 6t09 m (20 to 30 ft) bgs. Resulting 
hydraulic conductivities values ranged from 3.70 x 10-6 to 3.97 X 110-5 cm/sec (l x 10:2 to 1.12 x 10-1 ftJd) 
and storage coefficients ranged from 7.43 x 10-3 to 5.9 X 10-2

. Water level measurements taken in MW160, • 
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which is screened in HU 2; indicate that the depth to the water table is approximately 2 m (7 ft) bgs at 
SWMU 91. The day aquitard at the base of the VCRS (HU 3) is approximately 4.6 m (15 ft) thick and 
occurs between approximately 9 to 15 m (30 to 50 ft) bgs. Flow within the VCRS is predominantly 
downward into the uppermost aquifer, the RGA. 

The RGA consists of a 4.6- to 6.1-rri(l5- to 20-ft) thick sand unit (HU 4) overlying 14 to 15 m (45 to 
50 ft) of: sandy, pebble- to cobble-sized chert gravel (HV 5) and sand (upper McNairy Formation). Two 
monitoring wells have been completed in the RGA at SWMU 91: MW159, which is screened in the 
upper RGA at 19 to 21 m (63 to 68 ft) bgs, and MW li58, which is screened in the lower RGA at 31 to 
32.9 m 002 to 108 ft) bgs. The depth to water in MW158 was approximately 11 m (37 ft) bgs [102 m 
(334 ft) amsl~ in May 1994. Water levels in upper RGA MW159 typically are slightly higher than those 
measured in MW158, indicating predominantly horizontal flow with a small downward component of 
·flow within the RGA. The top of the McNairy Formation is encountered at 33 m (l08 ft) bgs in MW158. 

Nature alld Extellt of Colltamination 

Results of the investigations conducted at SWMU 91 indicate that elevated concentrations of organic 
contaminants are present in both shallow soil and VCRS groundwater at the unit. The predominant 
contaminant is TCE with maximum levels of 1,523 mg/kg and 943 mg/L detected in subsurface soil and 
shallow groundwater samples. respectively. The concentrations of TCE detected in shallow (VCRS) 
groundwater samples approach the solubility limit for TCE (1100 mgIL), which strongly suggests the presence 
of DNAPL at the site. In general, the analytical data show concentrations of TCE decrease with depth, 
with the highest concentrations occurting in the sand and gravel unit{HU2) found at depths between 6 to 
8 m (20 to 25 ft) bgs. The concentrations ofTCE in RGA groundwater samples at the unit are much 
II ower, ranging from.8 to 120 IlgiL. indicating that nNAPL likely is confined to the shallow (VCRS) soils . 

Soil sampling conducted at the site indicates that TCE contamination is confined to an area of 
approximately 558 m2 (6,000 ft2

); with the concentrations of TCE within the impacted area averaging 
84 ppm. The sampling results indicate that TCE has migrated below the water table into the UCRS to a 
depth of approximately 14 m (45 ft), but it has not fully penetrated through the clay aquitard at the unit; 
therefore, TCE contamination does not appear to have reached the RGA at SWMU 9'1. 

The only organic compound detected. at high levels in soil samples from SWMU 91 is TCE. However, 
other organic compounds have been detected, at low concentrations, in shallow (UCRS) and deep (RGA) 
groundwater at this unit. Those detected in UCRSgroundwater samples include 11,1, I-TCA; cis-l,2-DCE; 
tetrachloroethene (PCE); carbon tetrachloride; acetone; bromodichloromethane; chloroform; and bis(2-
ethylhexyl»phthalate. With the exception of the TCE degradation product cis-l,2-DCE, these organic 
contaminants were detected only once and at concentrations less than 20 11 gil. Cis;.. 1 ,2-DCE and two 
likely lab contaminants, bis(2-ethylhexyl)phthalate and carbon disulfide, have been detected at low levels 
in RGAgroundwater samples at the unit. Several organic compounds also were detected at low levels in 
soil samples at the site,including bis(2-ethylhexyl)phthalate, fluoranthene, phenanthrene, pyrene, acetone, 
andl methylene chloride~ 

Six metals (aluminum, antimony, cadmium, chromium, ,iron, and manganese) have been detected at 
elevated concentrations in unfiltered groundwater samples from the unit. Of these metals, three (aluminum, 
iron, and manganese) were detected above regulatory limits in filtered UCRSgroundwater samples and 
one (manganese) was detected above regulatory limits in filtered RGA groundwater samples. Two 
metals, cobalt and vanadium, were detected Oficeat levels exceeding the PGDP background values in 
subsurface soil samples collected from H003. This limited occurrence of metals in the groundwater and 
soils indicates that SWMU 91 likely is not a significant source of metals contamination. 
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One radionuclide, 99Tc, has been detected in UCRS and RGA groundwater samples fromSWMU 91. 
With the exception of one reported, and likely erroneous, value of336 pCi/L from MW 160, the levels of 99Tc • 
detected at the unit are generally near the analytical quantification limit of 25pCilL. The low activities 
detected in groundwater and the absence of99Tc from soil samples at the unit indicate its presence is 
likely related to more general plant activities rather than to past activities at this SWMU. 

Contaminant Fate and Transport 

The principal organic compound detected at the site is TCE. In groundwater, 'FCE is transported in 
dissolved' phase primarily 'by advection and mechanical dispersion. Processes such as hydrolysis, 
:biodegradation, and bioaccumulation are not as significant to the fate of TCE in groundwater. The 
presence of low permeability soils and the discontinuous nature of the coarser-grained materials of the 
shallow deposits at SWMU 911 restrict lateral groundwater flow within the UCRS. 

'FCE usually is fairly stable in groundwater, although degradation to other chlorinated organics may 
occur at a slow rate. The breakdown products ofTCE detected at the unit include cis-l,2-DCE and TeA. 
Under anaerobic conditions, TCE will biodegrade first to DeE and eventually to vinyl chloride. The 
physical and chemical properties of the TCE degradation products are similar to those discussed for TCE. 

Screening modeling conducted in support of risk assessments at SWMU 1 provide information 
concerning contaminant fate and transport at the unit. Contaminant transport modeling was conducted to 
simulate vertical transport of TCE from SWMU 91 to the RGA beneath the unit and horizontal transport 
within the RGA to the plant perimeter fence. The input parameters and assumptions used in the models 
are presented in the Preliminary Site Characterization/Baseline Risk Assessmelll/Lasagna™ Technology 
Demonstration at Solid Waste Management Unit 91 of the Paducah Gaseous Diffusion Plant. Paducah. 
Kentucky (DOE 1 996b ). Results of the modeling indicate that TCE from the shallow soils at SWMU 91 • 
eventually will reach the RGA and migrate to the PGDP security fence at levels exceeding the Mel (5 IlgIL). 

DNA'PL at SWMU 91 

TCE has the potential to be transported in the form of DNAPL. DNAPL transport behavior is highly 
dependent upon lithology and stratigraphic dip, as well as groundwater gradient. After a spill, DNAPLs 
continually can volatilize or percolate downward into underlying sediments under the. influence of gravity. 
Lateral spreading occurs due to capillary forces and subsurface heterogeneities, with some residual i liquid 
r:emaining trapped in the soil by surface tension. When TCE reaches sufficient volume to overcome the 
capillary forces, it will penetrate a layer and continue to sink until a relatively impermeable layer is 
encountered. Upon reaching the low permeability layer, these DNAPL pools may migrate slowly in the 
direction of the dip or groundwater flow. The pools will dissolve slowly into the groundwater: and, ,through 
dispersion and advection processes, can cause contamination of the aquifer downgradient from the pools. 

The presence of TCE in shallow subsurface soils at concentrations up to 1,523 mgJkg supports the 
contention that DNAPL is present within the UCRS at SWMU 91. Conservative site-specific estimates 
provided by DuPont indicate that concentrations of TCE in soil greater than 220 mglkg are indicative of 
DNAPL at SWMU 91 (DuPont 1997). Because of the heterogeneity of the sediments beneath SWMU 91, 
the distribution of DNAPL is highly variable. Sampling results indicate that TCE DNAPL has not 
migrated from the UCRS to the RGA at the unit; the layer of clay at the base of the UCRS provides a 
confining layer between the shallow gravel unit and the underlying RGA. 
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Previous Remedial Actions 

In 1993, SWMU 91 was selected as the site of an innovative technology demonstration. The technology, 
known as Lasagna'fM, is an in situ technology that uses electro-osmosis to move shallow groundwater and 
contaminants in fine-grained 'or clayey soils. Contaminants are treated by passing contaminated groundwater 
through in-ground treatment cells designed to degrade IfCE chemically to nontoxic end products. An 
initial 120-d demonstration (Phase I), conducted between January and' May 1995, resulted ina 98.4% 
reduction ofTCE levels ,in soils within a treatment area approximately 3.0 m x 4.6 m (10 ft x 15 ft) and 
4.6 m (15 [t) deep. Sampling and analytical results documenting the Phase I study are reported in the 
Preliminary Site Characterization Report (DOE 1'996b). The success of the Phase I demonstration led to a 
full-scale demonstration (phase IIA) ,that was conducted from August 1996 through.:July li997. The 'Phase IIA 
demonstration was carried out on an area approximately 6.4 m x 9.1 m (21 x 30 ft) and approximately 14 m 
(45 ft) deep. During the second phase of the technology demonstration, the average TeE concentration in 
the demonstration area soil was reduced by 95%. 'Post-test soil; samplingconductedl for the Phase IIA 
demonstration indicated that cleanup effectiveness of TCE ranged from 50% to 140%. The ,results of the 
Phase IIA are discussed further in the Lasagna™ Summary Report (DOE 1996b). 

The DOE ,selected Lasagna™ for full-scale remediation in the SWMU 91 Record of Decision ~ROD) 
issued by the DOE, with EPA approval and KDEP concurrence, September 1998. The ROD identified the 
selected remedy, outlined the performance objectives, and provided rationale for the remedy selection. 
The remedy consisted of treatment of contaminated soil pore water by the Lasagna™ electroosmosis 
technology. It focuses on the TCEcontamination present in the shallow «14 m, 45 ft, bgs) soils at 
SWMU 91. The specific components ofthe selected remedy included the following. 

• Electrodes energized by direct current that cause soluble contaminants (i.e., TCE) to be transported 
into or through the treatment layers and heat the soil. The contaminated water in the pore volumes 
will flow from the anode through treatment zones toward the cathode. 

• Treatment zones containing reagents that either can decompose the TeE to non-toxic products or 
can adsorb the TCE contaminants for immobilization, depending on the medium design. 

• A water management system that recycles andl returns the water that accumulates at the cathode back 
to the anode for acid-base neutralization (DOE 1998a). 

FuH-scale operations began in October 1999. The Lasagna™ system will operate for 2 years in an 
attempt to meet cleanup objectives specified in the ROD. If, after 2 years, the technology does not meet 
its objectives, the system may operate an additional 24 months. The ROD included a contingency action to 
implement ill situ enhanced soil mixing to remediate the unit in the event that the Lasagna™ technology is 
incapable of achieving established cleanup objectives. Additional information regarding the selected remedy 
is presented in the ROD for SWMU 91 (DOE 1998a). 

3.2.4.3 SWMU 196 

Locatio" mId Descriptio" 

The C-746-A Septic System (SWMU 196) is located inside the PGDP security fence in the 
northwest portion of the plant. This SWMU consists of two underground, out-of-service septic systems, 
one at the northeast comer and the other at the northwes~ .comer of the C-746-A North Warehouse 
Building (:Fig. 3.25). 
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On the northeast corner of the building, the septic system consists of a 3,634-liter (960-gal) concrete 
septic tank that flows to a 18.3 by 6.1 m (60 by 20 ft) leach field. The septic tank is rectangular and is • 
approximately I-m (40-in.) wide,2.1-m (84-in.) long, and 1.7-m (66-in.) deep. The leach field consists of . 
·liO-cm (4-in.) vitreous clay drain tiles lying in shallow soils. 

On the northwest corner of the C-746-A Building, the septic system consists of a 1,893-liter (500-gal) 
cylindrical, concrete septic tank [approximately 1.5-m (5-ft) in diameter by 1.0-m (3.4-ft) deep] connected 
to a sanitary sewer system. A subsurface vitreous clay pipeline extends from the septic tank to a junction 
box located 14.3 m (47 ft) west of the tank. (As further discussed below, a portion of this line and the 
junction box was destroyed in 1982 as a result of regrading the western drainage ditch.) From the junction 
box,sanitary wastes flowedtinto two IliO-cm (4-in) vitreous clay ,pipelines buried 0.3 to 0.6 m (1 to 2 ft) bgs. 
One pipe extends 30.5 m (100 ft) to the south and the other extends 39.6 m (130 ft) to the west. 

Setting 

The following subsections describe the topography, surface-water features, ecological resources, soils, 
geology, and hydrogeology at SWMU 196. The infonnation presented is primarily derived from the Remedial 
Investigation Report/or Waste Area Group 27 at the Paducah Gaseous Diffusion Plant (DOE 1999b). 

Topography. The ground surface at SWMU 196 is relatively flat and ranges from 112 to i 13 m (368 to 
371 ft) arnsl. Most of the area overlying the sewage systems is covered with grass that is maintained by 
regular mowing. However, a portion of the northwest sewage system is covered by a gravel access road 
located approximately 12.2 m (40 ft) west of the C-746-A Building. A north-south drainage ditch collects 
surface runoff from the western portion of the SWMU, eventually discharging through KPOES Outfall 
001 to Bayou Creek. 

Wetlands and floodplains. Jurisdictional wetlands identified in the vicinity of SWMU 196 are 
limited to the perimeter drainage ditches. No roO-year floodplains are adjacent to SWMU 196. 

Ecological and cultural resources. Henry silt loam is the predominant soil type at SWMU 196. 
Vegetation at SWMU 196 is mowed grass but .due to its location in the industrialized area inside the plant 
security fence, this small area provides very little to no wildlife habitat. No potential habitats for 
federally listed T &E species are present within the fence (COM Federal 1994). No properties inside the 
fence at the PGOP currently are included on, or nominated for inclusion on, the NRHP. Additionally, the 
State Historic Preservation Officer (SHPO) has concurred with the determination that the subsurface area 
inside the fence previously has been disturbed and, consequently, is not likely to contain any undisturbed 
sites of archaeological significance. 

Manufacturing or TSD Processes 

The C-746-A Building was originally used as a warehouse during plant construction in the early 
1950s. From 1956 to 1985, an aluminum smelter was operated in the west end of the building and from 
1975 to 1985, a nickel smelter operated in the east end of the building. Current operations include the 
storage of hazardous and PCB wastes. There is.a potential for metal (particularly aluminum and nickel) 
and radiological contamination in the septic systems as a result of these activities. In addition, the 
potential exists for TCE releases through the septic systems or through an unrecorded spill of TCE in the 
C-746-A Warehouse area. 

• 

The northeast septic system wasin operation from April 1958 until February 1980. It originally processed 
sanitary waste from a toilet, a urinal, a bathroom floor drain, and a bathroom sink in theC-746-A Building.. 
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• 
Modi,fications made in August 1975, when a change house and break area were added to the . area as part of a 
nickel smelter operation in the east end of the C-746-A Building, resulted in the processing of additional 
sanitary waste from a kitchen sink, a water cooler, two showers, a second urinal, and the change house 
floor drains. The northwest septic system was in operation from November 1'956 until February 1980. 
This system processed sanitary waste from a toilet, two showers, a sink, and a water cooler installed 
shortly~afterconstruction ofthe aluminum smelter operation. In 1980, both septic systems were plugged and 
abandoned in place when the C-746-A Building was tied into the C-615 Sewage 'J:reatment Plant system. 

In 1982, regrading of a drainage ditch on the west side of the C-746-A Building resulted in the 
destruction of the junction box and approximately 8 m (25 ft) of the vitreous clay pipe in the northwest 
septic system. At the time of abandonment in 1980 some sanitary waste was left in the lO-cm (4-in.) line 
at a' location approximately 8.5 m(28 ft) downgradient (west) of the septic tank. These wastes may have 
been released to the sediments of the drainage ditch as a result of the regrading activities. However, since 
the septic system was plugged in 1980 as part of the abandonment activities, this is not a continuing 
release into the ditch. 

Summary of Previous Investigatiollsat SWMU 196 

The following subsections describe the previous sampling activities conducted at SWMU 196 and 
provide summaries ·of the nature and extent of contamination, contaminant fate and transport, and 
previous risk assessments at the unit. The information presented is primarily derived from the Remedial 
Investigation Report for Waste Area Group 27 at the Paducah Gaseous Diffusion Plant, Paducah. Kentucky 
(DOE 1999b) and the Final Report for WAG 15. C-200~A UST and C-7lO~B UST, Paducah Gaseous 
Diffusion Plant. Paducah. Kentucky (DOE 1996c). 

• Overview of Previous InvestigatiollS and Sanrp/illg Activities 

• 

The following investigations and sampling activit,ies have been conducted at SWMU 1!96: 

• Soil' sampling to investigate SWMU 139, an abandoned underground storage tank ~UST) formerly 
used for fuel oil storage located northwest of the C-746-A North Warehouse Building; 

• Geophysical surveys conducted in 1996 and 1998 in support of the WAG 15 investigation and WAG 27 
RI, respectively; and 

• WAG 27 RI sampling activities, which included the collection of sludge samples from the two septic 
tanks (three samples from each tank) and the collection of surface· soil and subsurface soil samples 
from 15 locations adjacent to the northeast and northwest septic systems. 

The sampling conducted in 1996 for the WAG 15 investigation at SWMU .r39 consisted of subsurface 
soil sampling at six stations (139~002 through, 139-007) that are located within the boundaries of the northwest 
septic system leachfield. Inaddition,a composite of three shallow soil samples (139-001-1 throligh 139-00'1-3) 
was taken along the UST pipeline, located immediately adjacent to the northwestern corner of the C-746-A 
Building. No borings extended :beneath a depth of 3 m (110ft). A surface geophysical: survey,(EM-61) was 
conducted near the northwest corner of the C-746-A Building to determine if an additional UST (SWMU 
140) was located west of the SWMU 139 US'f (DOE 1996c). All previous sampling locations in the 
SWMU 196 area,including the WAG irS site evaluation sampling points, are shown on Fig. 3.26. 

The WAG 27 sampling activities included surface· and subsurface soil sampling at seven stations adjacent 
to the drain tiles and the tank in the northeast septic system and at six stations adjacent to the vitreous 
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clay pipes in the northwest septic system. The subsurface soil: samples were taken continuously.atO.6-m 
(2-ft) intervals to varying depths down to 6 m (20 [t) bgs. In addition, two sediment samples (at 196-006 • 
and 1!96-007) were collected along the north-south trending pipeline in the northwest septic system. One . 
of these sediment sampling stations (1196-006) was located between the septic tank and the destroyed clay 
line to assess the potential impact of any remaining sanitary wastes in the abandoned septic system 
upgradient of the demolished portion of the line. A cone penetrometer test, located at li96-012 adjacent to 
the east-west trending line in the northwest field, was extended to a depth of 11 m (35 [t~bgs to assess 
the presence ofUCRS groundwater. However, because no water was encountered at the cone penetrometer 
technology (CPT) point and photoionization detector (PID) screening did not indicate the presence of 
VOAs, no samples were submitted for VOA analysis. 

·Geology/Hydrogeology 

The hydrogeologic conceptual model for SWMU 196 is shown in Fig. 3.27. Based on lithologic logs 
for surrounding borings, the following lithologies underlie SWMU 1'96, in order of increasing depth: gravel 
and gravelly sand fill [0 to 0~6 m (0 to 2 ft) bgs], loess deposits [0.6 to 4.5 m (2 to 15 ft) bgs], and the 
Upper Continental Deposits [4 to 32 m (13 to 105 ft) bgs]. No borings have penetrated below 10.5 m (35 ft)at 
SWMU 196, but based on boring P4G 12, located approximately 911 m (300 ft) northwest of SWMU 196, 
the Lower Continental 'Deposits are encountered at a depth of approximately 17.7 m (58 ft) bgs and extend 
to the top of the McNairy Formation at a depth of 29.6 m (97 ft) bgs. The loess consists primarily of silty 
clay to clayey silt, with occasional traces of fine sand and gravel. The Upper Continental Deposits are 
approximately 12.2 m (40 ft) thick and consist of silty or sandy clay with occasional, discontinuous layers 
of sand or gravel. The Lower Continental Deposits consist of 12.2 to 18.3 m (40 to 60 ft) of gravelly sand 
or chert gravel. 

Nature and Extent of Contamination 

The sampling conducted for SWMU 1'39 during the WAG 15 Site Evaluation provided data 
concerning concentrations of benzene, toluene, ethylbenzene, and xylenes (BTEX), TCE, PAHs, diesel 
range organics (DROs) and PCBs in shallow soils at in the northwest septic system. No contaminants of 
concern (COCs) were found to pose a risk to human health and the environments. However, SWMU 139 
will be re-investigated to determine the significance of sporadic detections of low levels of several ORO 
constituents in several WAG 15 borings and at one WAG 27 boring location (196-002). 

Results of the WAG 27 investigation conducted at SWMU 1196 indicate the presence of metals 
contamination in shallow soils «3 m, 10 ft, bgs) adjacent to both the northeast and northwest septic 
systems. The area impacted by metals at the northeast system includes a 21 x 18 m (70 x 60 ft) area 
surrounding the septic tank and leachfield. The areas impacted within the northwest septic system 
include a 30 x 3 m (100 x 10 ft) area along the north-south trending line .and a 55 x 3 m (180 x TO ft) 
area along the east-west trending line, west of the septic tank. The metals detected above screening levels 
(and their maximum detected concentrations) include antimony (121, mg/kg) , beryllium (113 mg/kg), 
cadmium (116 mg/kg), .and thallium (114 mg/kg). The results of the soil, sediment, and tank sludge 
sampling conducted at SWMU 196 are summarized in Table 3.23. Due to the lack of shallow «15 m, 
50 ft, bgs). groundwater at SWMU 1~96, no water samples were collected at the unit. 

Previous Remedial Actions 

No previous response actions have been taken at SWMU 196. 
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0 Table 3.23. Results of Soil, Sediment and Tank Sludge Sampling for SWMU 196 0 
b 
0 

'2 Number of Number of Detections 0 
n 

Analytical Number of Detections above 8G & PRG Maximum Result Minimum .ResuIt Average Result '<:: 
0 
00 Sample Type. . Group Analytical Compound . Analyses· above 8G· Screening Values· above 8G· above 8G· above 8GB Units tv 
~ :: Sludge PCB Polychlorinated biphenyl 7 3 3 300.()00 iOO.OOO 200.000 Ilg/kg 

PCB-1260 I 200.000 200.000 200.000 Ilg/kg 
Metals Mercury 7 7 2 2.140 0.240 0.791 mg/kg 

Nickel 7 6 I 326.000 36.700 122.900 mg/kg 
Cadmium 7 3 3 12.500 6.770 9.483 mg/kg 
Lead 7 3 3 55.100 29.300 38.633 mg/kg 
Selenium 7 3 0 4.820 2.130 3.100 mg/kg 
Silver 7 I 0 21.000 21.000 21.000 mg/kg 

Radioactive Technetium-99 7 7 0 40.000 9.600 24.229 pCi/g 
isotopes Uranium 7 7 0 10.000 3.500 8.700 pCi/g 

Neptunium-237 7 6 0 0.290 0.070 0.170 pCi/g 
Plutonium-239/240 7 2 0 3.160 0.160 1.660 pCi/g 
Uranium-235 I I 0 0.640 0.640 0.640 pCi/g 

Surface soil Metals Cadmium 13 8 0 1.480 0.220 0.754 mg/kg 
Antimony 13 7 7 62.200 0.760 27.937 mg/kg 
Zinc 13 5 0 119.000 67.100 88.960 mg/kg 

IJ.J 
I Sodium 13 3 3 418.000 331.000 379.000 mg/kg \0 

0 Chromium 13 2 0 32.800 17.000 24.900 mg/kg 
Magnesium 13 2 2 10,000.000 9,010.000 9,505.000 mg/kg 
Nickel 13 2 0 172.000 80.100 126.050 mg/kg 
Aluminum 13 1 I 13,800.000 13,800.000 13,800.000 mg/kg 
Calcium 13 1 I 216,000.000 216,000.000 216,000.000 mg/kg 
Copper 13 I 0 25.200 25.200 25.200 mg/kg 
PotaSsium 13 I I 1,650.000 1,650.000 1,650.000 mg/kg 

Radioactive Uranium 5 I 0 2.500 2.500 2.500 pCi/g 
isotopes Uranium-238 5 I 0 1.300 1.300 1.300 pCi/g 

Sediment Metals Antimony 2 2 0 0.370 0.290 0.330 mg/kg 
Cadmium 2 2 I 2.530 1.830 2.180 mg/kg 
Nickel 2 2 0 73.600 31.700 52.650 mg/kg 
Sodium 2 2 2 423.000 322.000 372.500 mg/kg 
Zinc 2 2 0 222.000 148.000 185.000 mg/kg 
Copper 2 I 0 20.900 20.900 20.900 mg/kg 

Radioactive Technetium-99 2 2 0 33.400 12.300 22.850 pCi/g 
isotopes Uranium 2 2 0 5.000 3.900 4.450 pCi/g 

Uranium-238 2 2 0 3.100 2.300 2.700 pCilg 
Neptunium-237 2 I 0 0.680 0.680 0.680 pCi/g 
Plutonium-239/240 2 I 0 0.370 0.370 0.370 ECi/g 

• • • 



• • • Table 3.23. Results of soil, sediment, and tank sludge sampling for SWMU 196 (continued) 

0 Number of Number of Detections 0 
6 Analytical Number of Detections above BG & PRG Maximum Result Minimum Result Average Result := 
~ Saml!le T~l!e Groul! Anal~tical Coml!0und Anal~ses· above BGa Screening Values" above BG" above BGa above BG" Units 
g 

Subsurface Soil Metals Magnesium 78 22 22 5,660.000 2,110.000 2,820.455 mg/kg 2j 
Ant"imony 78 19 19 121.000 0.830 18.774 mg/kg 00 ..... ..,. Aluminum 78 17 17 17,900.000 12,100.000 14,535.294 mglkg := 
Calcium 78 16 16 223,000.000 6,290.000 50,061.250 mglkg 
Zinc 78 15 0 1,650.000 61.700 218.307 mglkg 
Cadmium 78 II 2 116.000 0.300 11.363 mglkg 
Barium 78 8 2 389.000 172.000 2.23.875 mg/kg 
Nickel 78 8 2 587.000 24.700 156.000 mg/kg 
Beryllium 78 7 7 113.000 0.710 16.851 mg/kg 
Potassium 78 5 5 6,430.000 1,080.000 2,438.000 mglkg 
Sodium 78 5 5 5,920.000 344.000 1,512.800 mg/kg 
Cobalt 78 4 0 112.000 13.800 39.975 mglkg 
Manganese 78 3 3 1,980.000 855.000 1,401.667 mglkg 
Thallium 78 3 3 114.000 0.560 38.377 mglkg 
Vanadium 78 3 3 62.500 37.300 47.867 mglkg 
Arsenic 78 2 2 8.740 7.990 8.365 mglkg 
Chromium 78 2 0 112.000 66.000 89.000 mg/kg 
Iron 78 2 2 30,200.000 29,600.000 29,900.000 l11g1kg 

w 
I 

Selenium 78 2 0 3.930 2.130 3.030 mg/kg 
\0 Copper 78 0 112.000 112.000 112.000 mglkg 

Lead 78 I 116.000 116.000 116.000 mglkg 
Mercury 78 0 0.140 0.140 0.140 mglkg 
Silver 78 I I 65.400 65.400 65.400 mg/kg 

Radioactive Uranium 25 18 0 5.000 1.600 2.461 pCi/g 
isotopes Uranium-238 25 II 0 3.000 1.400 1.850 pCi/g 

Plutonium-239/240 25 3 0 0.190 0.070 0.123 pCilg 
Americium-24I 25 I 0 0.180 0.180 0.180 pCi/g 
Neptunium-237 25 0 0.060 0.060 0.060 pCi/g 
Technetium-99 25 0 5.000 5.000 5.000 ECi/g 

"Number of analyses/detections include both eilVironinental samples and duplicate results. 



3.2.4.4C-720 Complex 

WAG 27 includes three SWMUs/ AOCs associated with the C-720 Complex: SWMU 167 (the C-720 
White Room Sump), SWMU 209 (the C-720 Compressor Shop Pit Sump), and AOC 211 {the C-720 TCE 
SpiBr Site-Northeast). In addition, WAG 27 includes the backfill areas around major floor drain exit points 
from the C-720 Building. Figure 3.28 presents the SWMUs and the,physical location of the C-720 Complex. 

Four additional SWMUs are associated with the C-720 Building hut are not addressed in WAG 27. 
Two of them, SWMU 090 (an underground petroleum naphtha pipe) and SWMU 141 (an inactive TCE 
degreaser), have been designated as No Further Action (NFA) in thePGDP SMP{DOE 1999c). The remaining 
two, SWMU 027 (acid neutralization tank) and SWMU031 (compressor pit storage tank) are being 
addressed under WAG 9 and WAG 5, respectively. 

Location and Physical Description 

C-720 Building. The C-720 Maintenance and Stores Building is located in the southwest portion of 
the fenced security area of the PGDP,southwest of the C-400 Building. It occupies 26,124 m2 (281,200 ft2) 
and consists of several repair and machine shops as well as other support operations. The building was 
constructed in the early 1950s .and is composed of structural steel and corrugated transite siding. 

• 

Compressor Shop Pit and Compressor Shop Pit Sump (SWMlJ 209). The C-720 Compressor 
Shop Pit is located in the southwest portion of the plant in the east-central part of the C-720 Building. 
The pit is constructed of concrete and is 9.1-m (30-ft) long by 18.3-m (60-ft) wide by 4.6-m (l5-ft) deep. 
The floor of the pit is sloped toward a central drain at a grade 0[0.125 rnIm. The Compressor Shop Pit 
Sump (SWMU 209) is located in the northwest comer of the pit and is constructed of unjointed reinforced 
concrete with "ironite wateI:proofing." The sump is 1.2-m (4-ft) wide by 1.2-m (4-ft) long by 2.4-m, lO-cm •. 
~8-ft, 4-in.) deep. 

A subsurface vitreous. clay floor drain surrounds the compressor; shop pit and extends outside the 
eastern exterior wall of theC-720 Building. The drain is 10 cm (4 in.) in diameter and has open joints 
spaced approximately 1.3 cm ~Y2-in.) apart. The lower portion of the joints is open, allowing drainage 
into surrounding soils. The floor drain is gravity-sloped downward from east to west, with the lowest 
elevation being the connection point between the drain and the compressor shop pit sump. 

White Room Sump (SWMU 167:). The White Room Sump is located in the south-central portion 
of the C-720 Building. The sump has dimensions of 2.4-m (8-ft) long by 1.8-m (6-ft) wide by 2.4-m (8-ft) 
deep and is constructed' of concrete. Influent to the sump was directed through limestone to neutralize 
any acids prior to discharging to the building drainage system. This sump was active from the mid-I 960s 
through the mid-1970s as part of the "clean room" operations, which manufactured electric circuit boards 
for Sandia National Laboratories. The sump is no longer in use and is covered with a metal plate. 

C-720TCE Spill Site-Northeast (AOC 2H). During the WAG 27 RI, a large rectangular area 
impacted by TCE contamination was defined north of the C-720 Building. The area measured 320 x 68 m 
(1050 x 225 ft) and includes an estimated 133,812 m3 (4,725,000 fe) of VOA-contaminated soil located! 
between 5 and 13 m (17 and 42 [t) bgs. This area ,has been designated as AOC 211. The maximum TOE 
concentration measured was approximately 14,000 Ilglkg. 

Building Drainage System Exit Points. Eight major building drainage system exit points from the 
C-720 Building have been identified, and all eight discharge to the plantstomlwater system. Approximately .• 
150 floor drains are located within theC-720 Building; however, many are currently plugged and a few 
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are backed up. Although most of the floor drains discharge into the stormwater drainage system, floor 
drains located in the bathrooms discharge to the sanitary water system, and a few floor drains located in .• 
the instrument shop in the northeast portion of the C-720 Building discharge to the acid neutralization 
pit. Storm sewers are constructed of either reinforced concrete piping or vitreous clay piping. 

Setting 

The following subsections describe the topography, surface-water features, ecological resources, 
soils, geology, and hydrogeology at the C-720Complex. The information presented is primarily derived 
from the Remedial Investigation Report for Waste Area Group 27 at the Paducah Gaseous DiffUSion 
Plant (OOE 1 999b ). 

Surface-water hydrology, wetlands, and floodplains. Most of the area surrounding the C-720 
Building is covered by concrete or asphalt. The topography is relatively flat, with elevations ranging 
from approximately 113 to 115 m (371 to 376 ft) ams\. Drainage from the C-720 Complex is via the 
PGOP storm drain system that eventually discharges through KPOES Outfalls 008 and 009 to Bayou 
Creek. No wetlands or lOO-year floodplains are located adjacent to the C-720 Building. 

Ecological. and cultural resources. The C-720 Area is covered by concrete and provides no suitable 
habitat for ecological receptors; All of the area inside the PGOP security fence has been previously 
disturbed and, consequently, is not likely to contain any undisturbed sites of archaeological, significance. 
In addition, no properties in the vicinity of the C-720 Building are currently included on, or nominated 
for inclusion on, the NRHP. 

ManufacturillgflSD Processes 

C-720 Building. The C-720 Maintenance and Stores Building has been used since the early 1950s 
for the fabrication, assembling, cleaning, and repairing of process equipment. Various shops housed within 
the C-720 Building include the compressor shop, machine shop, paint shop, instrument shop, vacuum 
pump shop, welding shop, and valve shop. Based on practices performed in these shops, the potential 
contaminants associated with the C-720 Building include YOAs, SVOAs, metals, PCBs, and radionuclides. 

Compressor Shop Pit and Compressor Shop Pit Sump. Housed within the C-720 building is the 
Compressor Shop pit and SWMU 209, the Compressor Shop pit sump. The major releases associated 
with this area are subsurface leaks from the subterranean drain located near the Compressor Shop pit. 
Historically, fluids drained from compressors in the shop were directed into the compressor trench, 
which is located to the west of the Compressor Shop pit. A flom: drain located in the compressor trench 
drains by gravity from west to east into the Compressor Shop pit. The release potential from the Compressor 
Shop was determined to be high due to the design of the subterranean drain surrounding the pit. The 
drain was used as a discharge mechanism in the event that the sump pump located in the northwestern 
portion of the pit failed to operate. Based on the design of the drain lines, liquids that accumulated in the 
Compressor Shop pit sump during pump failure would discharge to the surrounding soils via this drain 
line. Potential contaminants associated with the Compressor Shop included YOAs, primarily TCE and ,its 
degradation products, SYOAs, PCBs, metals, and radionuclides. This area is still ,in use on a minimal 
basis for compressor reworking. 

White Room Sump (SWMU 167). The White Room was used to build' and clean circuit boards; 
Waste solutions associated with printed circuit board operations were discharged to the sump, flushed 
through limestone to neutralize acids, and ultimately discharged to the building drainage system. Wastes 
associated with processes performed in this area include TCE, cyanide, gold, silver, tin, lead, and chromium. 
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The sump is no longer in use, and the sludge in the sump was sampled to determine whether any potential 
health hazard existed if the sump were to remain unfilled. PCBs were detected in the sludge at 
concentrations ranging from 1.8 ,to 2.5 mglkg. Based on available data, ,the integrity of the sump itself has 
not been established. The release potential from the White Room sump was considered low. Any analytes 
of concern that would have been processed through the White Room sump would have been discharged 
to the building drainage system. The potential contaminants for the White Room sump are primarily 
metals, VOAs, and radionuclides. 

C-720 TCE Spill Site-Northeast (AOC 211). An area located north of the east end' of the C-720 
Building was identified during ,the field investigation as ,having a moderately high release potential. 
Based on interviews with fomer employees, routine equipment cleaning and rinsing was performed in 
that area. Solvents were used to clean parts, and the excess solvent was discharged on the ground. TCE, 
its degradation products, and metals are the primary analytesof concern in this area. 

Building Drainage System Exit Points. A thorough blueprint review and a process history review 
of general activities performed in the C-720 Building were conducted for the WAG 27 RI. The findings 
suggest that the backfill areas in the vicinity of the building drainage system exit ,points, as they connect 
to the storm sewer system,are potential release pathways of contaminants to the subsurface. Several 
maintenance and repair operations were performed in the C-720 Building, and the major discharge location 
for wastewater from these processes was through the floor drains located throughout the building. Based 
on the construction of the drains, the connecting joints from the drainage system to the storm sewer 
system are considered to be the most likely source of a release. TCE,radionuclides, mineral spirits, and 
various other electrical cleaning fluids have reportedly been' discharged through the stormwater or sanitary 
water drains within the C-720 Building. Mercury that was used as part of the C-720 Building process was 
routed through an acid drain line ,to a building sump prior to discharge . 

P~evious Remedial Actions 

No previous remedial actions have been taken at the C-720 Complex. 

Summary of Previous Risk Assessmellts 

The summary ,presented in this section was taken from Remedial Investigation for Waste Area 
Grouping 27 at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (Volume IV. Baseline Risk 
Assessment) (DOE 1999b). Specifically, the Executive Summary and Chapter 1.7 of the WAG 27 BRA 
contains the pertinent risk information that will be repeated here. This document provides information on the 
baseline risks posed to ;human health and the environment from contamination at WAG 27 that will be used 
to support the need for remedial action in WAG 27 atld to assist in the selection of the remedial alternatives. 

According to the Executive Summary of the WAG 27 BRA: 

In 1998, the U.S. Department of Energy (DOE) conducted a Remedial Investigation/Resource 
Conservation and Recovery Act Facility Investigation for Waste Area Grouping (WAG) 27. 
WAG 27 includes Solid Waste Management Units (SWMUs) 1,91, 196, and the C-720Area at the 
Paducah Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky. The overall purpose of this 
activity was to determine the presence, nature, and extent of contamination at SWMUs 1, 91, 
1:96, and! areas associated with the C-720 Area. The primary focus ot:the remedial investigation 
was to collect sufficient information ,about surface soil, subsurface soil, surface water, sediment 
and the shallow groundwater of the Upper Continental Recharge System ~UCRS) contamination 
to support an assessment of risks to human health and the environment and' the selection of actions 
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to reduce these risks. In addition,. contamination·in the Regional Gravel Aquifer (RGA). and McNairy 
Fonnation was characterized to determine if contamination in the RGA acted as a secondary 
source of contamination to groundwater. The SWMUs that were assessed for risk to human health 
and the environment were: SWMUs 1,91, 196, and the areas associated with the C-720 Area·. 

To facilitate data aggregation and to focus results on specific areas, this baseline risk assessment derives 
risk estimates for the following SWMUs or areas. The SWMUs and areas and their definitions are as follows: 

• SWMU I-the C-747-C Oil Land Farm. 
• SWMU 91-the UF6 Cylinder Drop Test Area. 
• SWMU 196-the C-746-A Septic System. 
.. C-720 Area (includes SWMU 209 - the compressor pit sump). 

Consistent with regulatory guidance and agreements contained in the approved human health risk 
assessment methods document, the BHHRA was used to evaluate scenarios that encompass current use 
and several hypothetical future uses of the WAG 27 SWMUs and the areas .to which contaminants from 
the WAG 27 SWMUs may migrate. The scenarios assessed are as follows. 

• Current on-siteindustrial--direct contact with sediment and surface soil (soil found 0 to 0.3 m, 0 to 
1 ft, bgs). 

• Future on-site industrial--direct contact with sediment, surface soil, and use of groundwater drawn 
from aquifers below the WAG 27 SWMUs. 

• Future on-site excavation scenario--direct contact with surface soil combined with subsurface soil 
(soil found Oto 5 m, 01015 ft, bgs). 

• Future on-site recreational user-direct contact with sediment and consumption of game exposed to 
contaminated surface soil. 

• Future off-site recreational user--direct contact with surface water impacted by contaminants 
migrating from sources and consumption of game exposed to this surface water. 

.. Future on-site rural resident--direct contact with surface soil at and use of groundwater drawn from 
aquifers below the WAG 27 SWMUs, including consumption of vegetables that were posited to be 
raised in this area. 

• Future off-site rural resident-use in the home of groundwater drawn from the RGA at the DOE 
property boundary. 

This report also contains a BERA for nonhuman receptors that may come into contact with contaminated 
media at or migrating from sources in the WAG 27 area. As with the BHHRA, the BERA utilizes 
information collected during the recently completed'remedial investigation. 

Maj{)r conclusions and observations of the BHHRA and BERA are presented below. 

General 

• For all SWMUs, the cumulative human health excess lifetime cancer risk (ELCR) and systemic 
toxicity exceed the accepted standards of EPA and KDEP for one or more scenarios when assessed 
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using default exposure parameters. The scenarios for which risk exceeds de minimus Ilevels (i.e., a 
cumulative excess lifetime cancer risk of 1 x 10-6 or a cumulative hazard index (HI) of 1) are 
summarized in Table 3.24. This information is ,taken from the risk summary tables located at the end 
of the Executive Summary of the BRA which present the cumulative risk values for each scenario, 
the contaminants of concern (COCs), and the pathways of concern (POCs). 

Because the WAG 27 SWMUs are located in the industrialized portion of the PGDP, the BERA 
project team concluded during problem formulation that it would not be appropriate to derive risk 
estimates for impacts to nonhuman receptors under current conditions. However, an analysis to 
determine potential impacts to nonhuman receptoFs exposed to contaminants in surface soiJi or ditch 
sediment in the future, if the industrial infrastructure was removed, and ,to estimate the potential 
impact of surface migration of contaminated media was ,performed. Because contaminants at the 
C-720 Area and SWMU 91 are restricted to subsurface soils below gravel- or cement-covered areas, 
effecti.velyeliminating potential exposure, the BERA project team concluded that it would not be 
appropriate to derive risk estimates for nonhuman receptors to contaminants in surface soil at these 
two sites. Surface soils at SWMU 1 have already been evaluated and addressed as.part ohhe WAG 23 
ROD, so they are not reevaluated for SWMU 1 here. Several contaminants in surface soil from 
SWMU 196 and sediments in drainage ditches associated with SWMUs 1, 91, and 1196 were found 
to be at concentrations greater than levels protective of nonhuman receptors. Summary tables of the 
risk assessment done for the WAG 27 BRA are presented here. Table 3.24 presents the land uses of 
concern found in Table ES.2 of the WAG 27 BRA. Tables 3.25 through 3.28 present the risk results 
and the quantitative risk summaries found in Exhibits 1.64a through 1.65b oHhe WAG 27 BRA. 

Chapter 1.7 of the WAG 27 BRA provides the following explanation of the risk summary tables. 

To summarize the effect that multiple uncertainties have upon .the risk estimates for the most 
likely current and future use at the WAG 27 SWMUs, Exhibits 1.64 and! 1.65 were prepared. 
Exhibit 1.64 presents a quantitative comparison between ELCR estimates as various uncertainties 
are addressed. Exhibit 1.65 presents the same information for systemic toxicity. Specific 
uncertainties addressed in these exhibits are use of the provisional lead RID (Exhibit 1.65 only), use 
of site-specific exposure values,use of EPA dermal absorption defaults, and inclusion ofanalytes 
that are infrequently detected. Ifhese exhibits do not include common laboratory contaminants 
because the effect of this uncertainty was imperceptible for each SWMU. In addition, the last 
column in each exhibit presents the total risk that results when several uncertainties are addressed 
simultaneously. The risks in this column were calculated using site-specific exposure assumptions, 
and the EPA default dermal absorption values, but omitting infrequently detected contaminants 
of potential concern (COPCs). Note, the intent of the information in this column is to provide a 
rational; quantitative lower-bound risk estimate for the industrial worker at each location that can 
be used by risk managers when making remedial decisions. The results in this column, and the 
exhibit in general, are not meant to indicate which risks are real for the WAG 27 SWMUs. 

As shown in Exhibit 1.64a, the ELCR estimates calculated for the current industrial worker, 
using the default exposure rates (column 1), vary from the lower-bound estimates (last column). 
Generally, the decrease in ELCR is about one order of magnitude. Indeed, in all cases, the 
lower-bound estimate is close to the de minimus ,level established in ,the Methods Document 
(i:e., ELCR = 1 x 10-6

). 'Interestingly, the intermediate columns in the table indicate that using 
the EPA default dermal absorption values is the one uncertainty that accounts for most of the 
decrease in ELCR. 
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Table 3.24. Land uses o~concernfor WAG 27 BRA 

(formerly "Table Es'2. Scenarios for which human health risk exceeds de minimus levels ") 

Location 
Scenario SWMUI SWMU91 SWMU 196 C-720 Area 

Resultsfor excess lifetime cancer risk": 
Current On-Site Industrial Worker 

Exposure to Soil NA NA X NA 
Exposure to Sediment X X X NA 

Future On-Site Industrial Worker 
Exposure to Soil NA NA X NA 
Exposure to Sediment X X X NA 
Exposure to Groundwaterb X X X 

Future On-Site Excavation Worker 
Exposure to Soil X X X X 

Future On-Site Recreational User 
Exposure to Game NA NA NA 
Exposure to Sediment X X X NA 

Future Off-Site Recreational User 
Exposure to Surface Water 

Future On-Site Rural Resident 
Exposure to Soil NA NA X NA 
Exposure to Groundwaterb X X X 

Future Off-Site Rural Resident 
Exposure to Groundwater" X X X X 

Results for systemic toxicity": 
Current On-Site Industrial Worker 

Exposure to Soil NA NA NA 
Exposure to Sediment X X X NA 

Future On-Site Industrial Worker 
Exposure to Soil NA NA NA 
Exposure to Sediment X X X NA 
Exposure to Groundwaterb X X X 

Future On-Site Excavation Worker 
Exposure to Soil X X X 

Future On-Site Recreational User 
Exposure to Game NA NA NA 
Exposure to Sediment X X X NA 

Future Off-Site Recreational User 
Exposure to Surface Water" 

Future On-Site Rural Resident 
Exposure to Soil NA NA X NA 
Exposure to Groundwaterb X X X 

Future Off-Site Rural Resident 
EXEosure to Groundwater" X X X X 

Notes: Scenarios where risk exceeded the-benchmark levels are marked with an X. Scenarios where risk did not exceed a benchmark level 
are,marked with a -. NA indicates-that the scenario/land use:combination is not appropriate. 
• For the future recreational user and the future,on-site resident, the child results are used. 

The BHHRA assessed risks from use of water drawn from theRGA separately from use of water drawn from the McNairy 
Formation. The value,reported here is for use of water from the RGA. 
Based on results of contaminant transport modeling. X indicates that the location, contains one or more sources of off-site 
contamination that exceeded benchmark levels and - ,indicates that the location is not a source of off-site contamination. 
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Table 3.25. Summary of risk results and uncertainties for the current industrial worker ELCR ·for WAG 27 

(formerly "Exhibit 1. 64a. Quantitative summary of uncertainties for the current industrial worker
excess lifetime cancer risk ") 

Location 

SWMUI 
(sediment) 

SWMU91 
(sediment) 

SWMU iJ96 
(sediment) 

SWMl:J 196 
(soil) 

Default 
ELCR" 

1.3 x 10-4 

5.8 x 10:4 

8.7 x 10;5 

4.8 x 10-6 

Default ELCR minus 
Site-specit1c common laboratory 

ELCRb contaminants' 

8.3 x 10-6 1.3 x 10-4 

3.7 x 10-5 5.8 x 10-4 

8.7 x 10-5 8.7 x 10-5 

4.8 x 10-6 4.8 x 10-6 

DefaultELCR calculated DefauitELCR minus Lower-
using EPA default dermal analytes infrequently bound 

absorption valuesd detected" ELCRf 

2.7 x 10-5 1.3 x 10-4 \;6 x 10-6 

4.7 x 10-4 5.8 x 10-4 3.0 x 10-5 

1.1 x 10.5 8.7 x 10-5 9.3 x 10-6 

4.8 x 10.6 4.8 x '\'0-6 4.8 x 10-6 

Notes: These values are identical to the values presented in Exhibit 1.27. 
These values are identical to the values presented in Exhibit 1.62. 
These values are identical to the values presented in Table 1.110. 
These. values are identical to the values presented iii. Exhibit 1.61. 
These values are identical to the values presented in Table 1.108. 
These values were derived using site'specific exposure rates for general maintenance workers at 'PGDP (see Subsect. 1.6.2.5) and 
EPA default dermal absorption values and omitting contributions from ·common laboratory contaminants and infrequently 
detected analytes. 

Table 3.26. Summary ofrisk results and uncertainties for the future industrial worker ELCR for WAG 27 

(formerly "Exhibit 1. 64b. Quantitative summary of uncertainties for the future industrial worker
excess lifetime cancer risk ") 

Location 

SWMUI 
(RGA) 

SWMH91 
(RGA) 

c-no 
(RGA) 

Default 
ELCR" 

,1.9 x 10-3 

1.0 x 10.3 

6.0 x 10-4 

Site-specit1c 
,ELCRb 

1.9 x 10.3 

1.0 x 10.3 

6.0 x 10-4 

Default ELCR minus Default ELCR calculated 
common laboratory using EPA default dermal 

contaminants' absorption valuesd 

1.9 x 10.3 1.9 x 10.3 

1.0 x 10.3 1.0 x 10.3 

6.0xIO·4 6:0 x 10-4 

Notes: These values. arc identical'to the values presented in Exhibit 1.37. 
Thesevalues·are identical to the values presented in Exhibit 1.62. 
These values are identical, to the values presented in Table 1.110. 
These values are identica\'to the values presented in Exhibit 1.61. 
These values are identicalto the values presented in Table 1.108. 

Default ELCR minus Lower-
analytes infrequently bound 

detected" ELCRf 

1.9 x 10-'\ 1.7 x 10.3 

1.0 x .)D.) 9.6 x 10-4 

5.9 x 10-4 5.3 x 10-4 

These values were derived using site-specific exposure rates and default EPA dermal absorption rates and omitting contributions 
from common laboratory contaminants and infrequently detected analytes . 
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Table 3.27. Summary of risk results and uncertainties for the 
current industrial worker systemic toxicity for WAG 27 

(fonnerly "Exhibit 1. 65a. Quantitative summary oJ uncertainties Jor the current industrial worker
systemic toxicity ") 

Location 

SWMU I 
(sediment) 

SWMU91 
(sediment) 

SWMU 196 
(sediment) 

SWMl!! 196 
(soil) 
Notes: 

Default Default HI calculated EPA Default HI minus 
Default HI wlo Site-specific default dermal absorption analytes infrequently Lower-bound 

HI" leadb ,HI WID lead' values wlo leadd detected WID lead' Hl f 

1,160 1.71 <I <I 1.71 <I 

1,190 1.96 <I <I 1.96 <I 

2,000 2.1 2.1 <I 2.1 <I 

3,160 <I <\ <\ <\ <\ 

These values are identical to the values presented in Exhibit 1.25. 
These values are identical to the values presented in Table 1.94. 
These values are identical to the values presented in Exhibit 1.63. 
These values are identical to the values presented in Exhibit 1!.61. 
These values are identical to the values in Table 1.108. 
These values were derived using site-specific exposure rates for general, maintenance workers atPGDP (see,Subsect. 1.6.2.5},and 
EPA default dermal absorption rates and omitting infrequently detected analytes. 

Table 3.28. Summary of risk results and uncertainties .for the 
future industrial worker systemic toxicity for WAG 27 

(formerly "Exhibit 1.65b. Quantitative summary of uncertainties for the future industrial worker
systemic toxicity ") 

Default HI calculated EPA Default HI minus 
Default Default HI Site-specific default dermal absOl:ption analytes infrequently Lower-bound 

Location HI" wlo leadb HI' w/o lead' values WID leadd detected' w/olead' Hlf 

SWMU\ 5,390 14.2 \4.2 \4.2 \'4.2 \\ 
(RGA) 

SWMU 91 962 4.24 4.24 4.24 4.24 1.8 
(RGA) 

C-720(RGA) 546 3.03 3.03 3.03 2.8 1.2 
Notes: These values are identical to the values presented in ,Exhibit 1.29. 

These values are identical to the values,presented in Table 1.9,6. 
These values are identical to the default HI values (w/o lead)ibecause site-specific exposure rates fONhe future industrial worker 
are unknown. 
These values are identical to:the valuesipresented in Exhibit 1.61. 
These values are identical to the values·in Table 1.108. 
These values were derived using default exposure rates and default EPA dermal absorption rates and omitting infrequently 
detected analytes. 
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Exhibit 1.64b shows that the ELCR estimates for future industrial worker exposure to groundwater 
under ·default and' lower-bound conditions do not vary dramatically. Although substantial 
percentage decreases are seen, the actual changes are less than one order of magnitude, and ,the 
resulting lower-bound: ELCR estimate still greatly exceeds the deminimus level. 

The HI estimates for both current and future industrial worker exposure to soil calculated using the 
default exposure rates (column 1) vary dramatically from the lower-bound estimates (last column) for 
those locations where lead was included as a contaminant of potential concem (COPC), and the 
provisional lead RID was used (see Exhibits 1.65a and 1.65b). For those locations, omitting ,lead from the 
list ,of COPCs decreases the HIs by about 4 orders of magnitude. Other uncertainties investigated in both 
Exhibit 1.65a and 1.65b have little effect on the HI estimates. For the current industrial: worker, for all 
locations, the lower-bound estimates of HI are less than the de minimus level established in the Methods 
Document (i.e., HI = 1). For the future industrial worker, for all locations in the RGA, the lower-bound 
estimate still exceeds an HI of l.0." 

3.2.5 WAG 28 

3.2.5~1 Overview of WAG' 28 

Waste Area Group 28 includes potential sources of groundwater contaminants located on the east 
side of the PGDP. The WAG 28 Remedial Investigation (RI) addressed the following areas: SWMU99, 
the C-745 Kellogg Building site; SWMUs 193 and 194, McGraw construction facilities; and AOC 204, 
an area of approximately 3 acres ,between Patrol Road 3 and Dyke Road on the eastern side of the PGDP. 
Table 3.29 and Fig. 3.29 present the areas assessed under the WAG 28 RI. Another SWMU of WAG 28, 
the McGraw UST (SWMU 1:83), is being managed under the PGDP UST Program . 

Table 3.29. WAG 28 areas 

SWMUName 
C-745 Kellogg Building Site 
McGraw Construction Facilities 
McGraw Construction Facilities Leach Fields 
Area of Concern (AOC) 

SWMUNumber 
99 
193 
194 
204 

The following subsections present site-specific information concerning the SWMUs/AOC comprising 
WAG 28. Unless otherwise noted, the summarized information is derived from the Remedial Investigation 
Reportfor Waste Area Grouping 28 at the Paducah Gaseous Diffusion Plant (DOE 2000). 

Solid Waste Management Ullit 99-Kel/ogg Building Site 

Location. The C-745 Kellogg Building Site is ilocated on the eastern side of the 'PGDP, south of 
Building C-360, immediately north of Tennessee Avenue and west of Patrol Road 3. 

Setting. The topography in the vicinity of SWMU 99 ,is relatively flat, with drainage from the 
vicinity of the SWMU ,toward Outfall 010. 

Surface-water hydrology, wetlands. and floodplains. Surface drainage is routed through surface 
swales and ditches to storm sewers, which discharge to the Outfall O,};O effluent ditch and into L..ittle 
Bayou Creek on the east side of the plant. There are no streams, wetlands, or 100-year floodplain areas 
within SWMU 99. 

00-00 J (doc )/08240 J 3-101 



i .. 
o 

I~ 
• ..... -II 

C-745-9 

Outfa 

I 
1 ~ Outfall 01 7 ~~ 
£~ 

500~- 0 500 

SCALE IN FEET 
pIIL--

1000 

c:J WAG 28 SWMU 

C-337 

C-333 

SWMU 83 
C-533 

ELECTRiCAl 
SWlTCHYARD 

II 
II 

• 

i:i~ ________________________________________________________________ ~P~a:du:c:a~h~D:sR~SC~a:n~3~;2:J9 

Fig. 3.29. Location of WAG 28 SWMUs. 

3-102 



• 

• 

• 

Biological resources. The Kellogg Buildings site consists of concrete pads and gravel' lots that are 
nearly devoid of vegetation. The area of the leach field was a .grass-covered area, maintained by mowing. 
During the summer of 1999, this area was converted to a gravel-covered parking lot. These settings do 
not provide critical habitat for T&E species of plants or animals. 

Soils and prime farmland. The soils of SWMU 99 are Calloway series silt 'loams, with a' shallow 
fragipan. However, construction and maintenance activities have heavily disturbed the original soil structure. 

Underground utilities. A septic tank and a leach field, which were connected to the Kellogg 
Buildings by a vitreous clay drain line, are located approximately 107 to 122 m (350 to 400 fto) southeast 
of the building sites in the grass-covered field east of Patrol Road 3. The tank and leach field are :believed 
to have been designed to receive sanitary waste from the buildings' operations; however, the actual 
configuration of the drainage system is unknown. No records exist as to what was done with the residual 
contents of the tank after the buildings were demolished i or whether any closure or removal actions were 
taken. POJ:tions of the lateral lines for the leach field were encountered during ,construction activities in 
late 1994. A surface geophysical survey ~EM-31i terrain conductivity) was performed during the WAG 28 
RI field activities to locate the position of the leach field and drainpipe. The survey was unsuccessful in 
delineating either feature. Measurements in the field, based! on construction drawings, placed the leach 
field near the ,base of a high-voltage power line tower. It is possible that the below-grade construction of 
the tower base destroyed the leach field. No evidence of the pipe was found. 

Manufacturing/treatment, storage, disposal process. The SWMU 99 site originally consisted of 
two steel .and sheet metal buildings built in 1951 as temporary support facilities during the construction 
of the cascade facilities. The buildings were erected' on concrete slabs with a gravel access road between 
the buildings. A septic tank and a leach field that formerly serviced the Kellogg Buildings also have been 
identified at SWMU 99. No other information is available regarding the construction and design of the 
facility. It is suspected that TCE was used at these buildings to degrease equipment and machinery. 1'he 
Kellogg Buildings were taken out of service and demolished in 1955, leaving only the concrete pads. 

The building pads are now used to store UF6 cylinders and cl'assified waste. The C-745-E Cylinder 
Storage Yard is located in the area that formerly ,housed the eastern building, and the C-746-D Classified 
Scrap Yard is located in the area that formerly housed the western building. The C-746-D (identified as 
SWMU 1.6 based on its current usage) is used to store converter cells that have been modified for the 
storage of classified waste. 

Previous remedial action. 1he Kellogg Buildings have been removed and the site currently is used 
as a storage area. No previous remedial actions have been taken at SWMU 99. 

Summary of investigations. Solid Waste Management Unit 99 was investigated during the 
CERCLA Phase H SI performed by CH2M HILL (CH2M HILL 1992). Analysis of soil samples from 
shallow borings revealed the presence of trace levels of xylene and several metals at concentrations that 
exceeded the investigation screening levels. Uranium-238 was the only radionuclide detected above 
screening levels. Deeper soil samples collected from the .drilling of area MW 163 contained a similar suite 
of metals present above screening levels (barium, copper, lead, mercury, and vanadium). 

The Phase II SI installed two groundwater monitoring wells (MWI63, screened in the RGA, and 
MWI64, screened in the UCRS) northwestofC-746-D. Water samples collected from both wells contained 
volatile organic compounds (VOCs) (primarily TCE), metals, and 99Tc. The investigation report concluded 
that the metals and radionuclide contaminants observed in. soil and' groundwater were unrelated. 
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The Groundwater Phase IV Investigation drilled borings to the east, northeast, and west of the septic 
tank and leach field. Groundwater samplescollected~ from these borings revealed TCEconcentrations • 
greater than 1000 Jlg/L throughout the RGA east and northeast (downgradient) of the leach field. The 
results from this investigation are presented in the Northeast Plume Preliminary Characterization Summary 
Report (DOE t:995a>, which recommends further investigation of the septic tank and leach field as 
potential sources of the TCE encountered during the Groundwater Phase IV Investigation. 

The WAG 28 RI, conducted in 1999, evaluated releases from SWMU 99 to determine if the SWMU 
is. a source of TCE contamination in the RGA in the Northeast Plume. The investigation included 
multiple cone penetrometer technology (CPT) logs to identify water-bearing units within the VCRS 
followed by direct push technology (OPT) sampling of surface and subsurface soil in the VCRS. 
Groundwater was sampled in the VCRS, where present, and in two RGA borings installed with a Dual 
Wall Reverse Circulation (DWRC) air rotary drill rig. In addition, two surface soil/sediment samples 
were collected from the drainage ditch parallel to the East Patrol Road 3 and two soil samples were 
collected from a collapsed drainpipe excavation in the southwest comer ofSWMV 99. 

Several metals were detected in soil samples that may represent small isolated spills or leaks. 'PCBs 
were found in one sample and low concentrations of several semi-volatile organic compounds SVOCs 
were detected in multiple samples. Trichloroethene was present in two subsurface samples. Concentrations 
of radioisotopes above screening levels were detected in two surface samples. The WAG 28 investigation 
did not identify a source for metals, YOCs, or radionuclides in the soils at SWMV 99. Elevated' levels of 
radioisotopes were detected in a soil sample collected from an excavation related to a collapsed drainpipe 
in the southwest comer of SWMU 99. The source of the radionuclides is believed to be runoff from the 
Classified Scrap Yard at SWMU 99. 

Elevated levels of TCE and 99Tc are found in the shallow groundwater of the VCRS and near the base • 
of the RGA. Two 'borings inSWMU 99 sampled the groundwater in the RGA. The first, boring ~099-034) 
was located upgradient of SWMU 99 to test for an upgradient contaminant source and the second boring 
(099-035) was located in the center of SWMU 99. Trichloroethene was detected in the borings at similar 
levels to those observed during the Phase IV Groundwater Investigation (boring P4E6). Technetium-99 
and related gross alpha/beta activity was detected in the RGA in SWMU-99. No YOCs were noted in the 
area of the leach fields in the shallow groundwater of the VCRS. The WAG 28 investigation concluded 
that the main source of the groundwater contaminants at SWMV 99 is located upgradient. 

Geology/Hydrogeology. Twenty-six soil borings were drilled i in SWMU 99 during the 1999 WAG 28 
RI. The WAG 28 RI reports the lithologies encountered beneath the unit, in order of increasing depth, are 
as follows: gravel fill material, loess deposits (HV I), upper fluvial/alluvial deposits (HU2), the confining 
to semiconfining layer of the upper Continental Deposits (HU3), the lower Continental Deposits of the 
RGA (HU4and HV5~, and the Porters Creek Clay. Approximately 3 to 5 m (11 to 16 ft) of rust brown to 
gray brown silty clays underlying 0.6 m (two ft) of surficial fill material of gravel and sand, comprise the 
loess deposit. The upper fluvial/alluvial deposits consist of approximately 9 to 12 m (30 to 39 ft) of rust 
brown to yellow brown clayey silty sand encountered at depths ranging from 4 to 6 m (13 to 20 ft) bgs. 
Approximately 2 to 4 m (5 to 12 ft) of clay to silty clay encountered at depths of 13 to 15 m (44 to 50 ft) 
bgs make up the HU3 deposits. 

The shallow groundwater system at the site, the VCRS, consists ofthe upper Continental Deposits and 
overlying loess. Flow within the VCRS is predominantly downward into the uppermost aquifer, the RGA. 

The RGAIlower Continental Deposits, composed of an upper sand with gravel and silt (HU4) was '. 
encountered at depths of 16 to 18 m (51 to 58 ft) bgs. The lower portion of the RGA (HV5) consists of 

00-001 (doc)/082401 3-104 



• 

• 

• 

gravel with sand and silt, found at depths of 21 to 30 m (70 to 100 ft)bgs. The entire RGA thickness in 
the area of SMWU 99 is approximately 15 m (50 ft). The Porters Creek Clay, a dark gray to dark green, 
slightly to very micaceous clay with some interbedded' fine grained clayey sand, underlies the RGA. 
Porters Creek Clay was encountered at depths of30 to 32m (1:00 to l'O5 ft}bgs. 

Fate and Transport. Contaminant fate and transport modeling was used to assess the WAG 28 SWMUs. 
Modeling was conducted for the WAG 28 RI using the Multimedia Environmental Pollutant Assessment 
System ~MEPAS) software developed by thelPacific Northwest National Laboratory. The MEPAS model 
calculates the fate and transport of contaminants from specified source terms and determines the associated 
risk to identified'receptors.For this modeling, only the groundwater contaminant portion of the MEPAS was 
used to model' contaminant concentrations in groundwater at receptor ,points within the RGA.Concentrations 
were modeled to two receptor points: the PGDP security fence and the DOE property boundary. 

For SWMV 99, area soil boring logs provided the basis to delineate three model layers (two partially 
saturated and one saturated). These layers con:espond to the upper portion of the VCRS (HU 1 and HU2) 
1~0.3-13 m (1-43 ft)bgsJ, the HU3 aquitard [13-18 m (43-60 ft) bgs], and the RGA (HU4 andHU5) [18-32 
m (60-105 ft) bgs]. The travel distances that were modeled varied depending upon the location of the 
source volume. For SWMU 99 sources located east of the former Kellogg Building site, outside the 
fence, a small value was used [3 m (10 ft)] as the distance to the PGOP security fence. (The MEPAS 
model does not accept zero distance values.) These sources required a modeled travel distance of 1372 m 
(4500 ft) to transport dissolved contaminants to the DOE property boundary on the eastern. side of the 
plant. For sources located west of the fonner Kellogg Building site, the distances used were 213m (700 
ft) to the PGDP security fence and 1463 m(4800 ft) to the DOE property boundary. 

Table 3.3.0 summarizes model results for'selected contaminants detected in the SWMU 99 area. This 
table presents the maximum levels of each contaminant that were modeled' to reach the two receptor 
locations. The SWMV 99 model also assessed 4 other metals, 17 radionuclides :(includes daughter 
products),and 1 SVOc. 

Constituent 
lithium 
strontium 

Table 3.30. Fate and transport modeling results for SWMU 99 

Plant fence 
Max conc. Time 

8952 

Max conc. 

7.22 X 10-1 

6.12 X 10-4 9899-15,655 

Location of source 
relative to lant fence 

Outside 
Outside 

Modeling indicates that SWMV 99, the Kellogg Building and the leach fields,. are not contributors 
of TCE contamination. The results of sampling conducted west of the Kellogg building reveal that a 
source of radionuclide contamination may be contributing to groundwater contamination in the area near 
082-014. However, the MEPAS modeling shows thatthe elevated 99Tc concentrations in the VCRS soils 
in the vicinity of this boring will not result in RGA groundwater concentrations exceeding 900 pCilL, the 
calCulated MCL for 99Tc, at the fence or the nOE property boundary. 

Solid Waste Managemelll U"it 193-McGrawConstructio,; Facilities 

The McGraw Construction Facilities include a series of construction support facilities located! to the 
south and west oftheC-333 Building. During the construction of the PGDP, the area contained several 
temporary buildings including a steel fabrication shop, electrical warehouse, sheet metal shop, light and 
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concrete pro uctlon pant. e covers approxlma e y acres. e portIon 0 t e· . sout 
of the C-333 Building is currently used for UF6 cylinder storage. Cylinder storage yards include the 
G·745-G, F, K, L, 1]), Q, M, N, and P yards. 

Setting. The surface topography of the approximately 40-hectare (1 OO-acre) site is relatively flat. 
Approximately one half of the area is now used to store UF6 cylinders. Little information exists documenting 
the handling and potential disposal of wastes in this area during the time the construction facilities were 
active. There is the potential for releases of cleaning solutions and other chemicals, given the nature of 
the facilities in this area. 

Suiface-water hydrology, wetlands, and floodplains. The area is drained on the southwest by 
KPDES Outfall on and by OutfaH on on the southeast. The area south of the C-333 Building drains 
through the plant storm drain system and discharges through KPDES Outfall 01'2 while the area north of 
the building drains through the storm drain system to discharge through KPDES Outfall 011, both of 
which empty into Little Bayou Creek on the east side of the plant. The area west of C-333 drains through 
Outfall 009. There are no streams, wetlands, or IOO-year floodplain areas within SWMU 193. 

Biological resources. The area south of the C-333 Building consists of concrete and gravel, cylinder 
storage areas. The areas north and immediately west of the C-333 Building are covered with gravel. None 
of these areas support significant vegetation. Across the street, west of C-333, the ground surface is a 
grass-covered area, maintained by mowing. These settings do not provide critical habitat for T &E species 
of plants or animals. 

Soils and prime farmland. The soils of SWMU 193 are Calloway series silt loams, with a shallow • 
fragipan. However, construction and maintenance activities have heavily disturbed the original soil structure. • 

Underground utilities. Several sanitary leach ,fields are noted in early drawings of the area (DOE 
1'998b). There are numerous underground lines immediately adjacent to the C-333 Building that provide 
ut·ility services to the building. 

Manufacturing/treatment, storage, disposal process. About one half of the SWMU 193 area' 
currently is used for storage ofUF6 cylinders. There are no descriptions of historic waste handling practices 
or of any inadvertent releases into the environment. Due ,to the likely waste handling practices and the 
types .of wastes expected to have been generated in the early 1950s, there is the possibility that metals and 
VOCs may have been released. Types of possible releases include disposal of solvents and metal-containing 
fluids into the sanitary system as well as disposal adjacent to buildings (DOE 1998b). 

Previous remedial action. No previous remedial actions have been conducted at SWMU 193. 

Summary of investigations. ~he SWMU 193 site was investigated during the 1995 Site Evaluation 
of SWMUs 1193 and 194 with the purpose of identifying possible sources of contamination associated 
with some of the staging areas used during construction of the PGDP. These areas are considered 
potential source areas for the Northeast Plume (DOE 11995a). The site evaluation included a geophysical! 
survey, CPT soil borings, and OPT water samples. Twenty-one soil borings and 15 groundwater samples 
were collected. Completed concurrently with the site evaluation was the Groundwater Phase IV 
Investigation. The results from these investigations indicate that VOCs (primarily TCE and its degradation 
products) are Contaminants of Potential Concern (COPCs) in the RGA. No VOCs or radionuclides were 
detected in the subsurface soils; however, cadmium, lead, and chromium were detected. 
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The WAG 28 Remedial Investigation conducted in 1999 intended to further investigate two areas of 
SWMU 193; the Millwright Shop, formerly located immediately west of Building C-333, and the Schulman 
Pipe 'Fabrication Shop, formerly located in the northeastern corner of the SWMU, as potential source areas 
contributing to the Northeast ,Plume. In addition, the area including the sanitary leach fields,. the light and, 
heavy equipment shop, the sheet metal' shops, and the steel fabrication shop, located in the southern portion 
of the SWMU were considered potential sources of metals in the soil. The investigation completed two 
cone penetrometer technology (CPT) logs to identify water-bearing units within the VCRS followed by 
eleven direct push technology (DPT) sample borings for surface and! subsurface soil in the VCRS. Seven 
borings were drilled to the top of the Levings Member of the McNairy FOl:mation in the northern half of 
the site, to further delineate the boundaries of the Northeast Plume using a Dual Wall Reverse Circulation 
(DWRC) air rotary drill rig. The groundwater in the RGA was sampled at 1.5 m (5 ft) intervals (where 
available) and the McNairy groundwater was sampled at 3.0 m (10 ft) intervals {where available). 

MultipleSVOCs were detected in the surface and subsurface soils located in the vicinity of the 
former MiHwright Shop. Metals were detected in each of the three subunits. Isolated occurrences of 
aluminum, chromium, cobalt, manganese, and' lead detected in the surface and subsurface soils at SWMU }93 
may represent small releases or outliers of natural conditions. No radionuclides were detected at 
activities above the screening levels in any of the SWMU 193 ·surface or subsurface soils. 

Several organic compounds exceeding screening levels, including relatively small quantities of TCE and 
cis- II,2-dichlorethene, were detected in the VCRS groundwater. Three radionuclides, 991i'c, 234Th, and 235V 
were detected above screening levels in samples collected from the VCRS groundwater. Trichloroethene 
(detected in 30 samples) and its related degradation products were the most common organic constituents 
identified in the RGA groundwater. Technetium-99 was the most commonly detected radionuclide. 
Uranium-235 was also reported. 

Trichloroethene was not detected in the SWMV 193 soil samples. Therefore, SWMV 1193 does not 
appear to be a TCE source area. A significant decrease in ,the TCEconcentrations in the RGA beneath 
the Millwright Shop was observed between the 1994 sampling event and the WAG 28 sampling event. 
This occurrence may be attributed to dilution and diffusion of TCE as the zone of dissolved 
contamination migrated ,to the north-northeast during the five-year period. The WAG 28 investigation 
also indicated ,that the distribution and location of the highest concentrations of,techntium-99 in the RGA 
are similarto the distribution ofTCE, implying the two contaminants have a common release point. 

Geology/Hydrogeology. Twenty-two soil borings were drilled' in SWMU 193 during the 1'999 
WAG 28 RI. As reported by the WAG 28 RI, the lithologies encountered beneath the unit are as follows, 
in order of increasing depth: gravel fill material, loess deposits (HV 1), upper ,fluvial/alluvial deposits 
(HU2), the confining to semiconfininglayer of the upper Continental Deposits (HU3), the lower 
Continental Deposits of the RGA (HU4' and HU5 ,in the northwestern portion of the site), the Porters 
Creek Clay (in the southeastern portion of the site), and the McNairy Formation. The loess deposits 
consist of approximately 6 m (20 ft) of rust brown to gray brown silty clays directly underlying the 
surficial gravel cover at SWMUI93. Approximately 9 to 18 m (30 to 60 ft) of rust brown to yellow 
brown clayey silty sand to depths ranging from 17 m (55 ft) bgs to 24 m (80 ft) bgs make up the upper 
fluvial/alluvial deposits, The HU3 deposits consist of approximately 2 m (5 to 7 ft) of clay to silty clay in 
the northwestern portion -of the site. 

The shallow groundwater system at the site, the VCRS, consists of the upper Continental Deposits and 
overlying loess. Flow within the VCRS is predominantly downward into the uppermost aquifer, the RGA. 
The first encounter of significant groundwater in the VCRS was noted at 11 m (37 ft) bgs in one boring. 
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The RGA lower Continental <Deposits consists of 8 to 12 m (25 to 40 ft) of sands, gravels; and silts 
in thenorthwestem portion of the site, encountered at depths of 20 to 24 m (65 to 80 ft) bgs. In this area, • 
theRGA pinches out to the southeast into the ·Porters Creek Terrace. The Porters Creek Clay consists of 
a dark gray, slightly to very micaceous clay with some interbedded fine-grained clayey sand. Both the 
Porters Creek Clay and the RGA are underlain by the McNairy Formation at depths ranging from 27 to 
38 m (90 to 125 ft) bgs. The McNairy Formation consists of grayish white to dark gray micaceous clay, 
often silty, interbedded with fine sand. 

Fate and Transport. Geologic data from the SWMU 193 investigation defined two model layers. 
An upper, partially saturated layer [0.3-21 m (1-68 ft) bgs] consisted of the combined loess deposits of 
HU 1, the permeable but disc.ontinuous sand and gravel lenses of HU2,and the silty clay aquitard of HU3. 
The lower, saturated layer [21-28 m (68-93 ft) bgs] was composed of the RGA (HU4 and HU5). MEPAS 
modeling provided a way to assess derived diss()lved contaminant concentrations at two receptor points: 
the PGDP security fence [at a distance of914' m (3000 ft)] and the DOE property boundary [at a distance 
of 2256 m (7400 ft)]. 

Table 3.31 is.a condensation of the model results for selected contaminants detected in the SWMU 193 
area. This table presents the maximum levels of each contaminant that were modeled to reach .the two 
receptor locations. The SWMU 193 model also assessed 3 other metals. 

Table.3.31. Fate and transport modeling resultsJor SWMU 193 

Plant fence Property boundary 

Constituent 
chromium 
lithium 
manganese 
strontium 

Max cone. 
(mglL) 

3.80 
38.05 
5.11 
7.45 

Time 
(year) 
5929 
48.8 
2655 

985~10,834 

Max cone. 
(mgIL) 

2.13 
38.09 
3.65 

4.56 x 10-3 

Time 
(year) 
7744 
69.8 
3624 

9846-13,283 

The results of the MEPAS modeling for SWMU 193 indicate that no significant sources of 
groundwater contamination are present at the unit. 

Solid Waste Management Unit 194-McGraw Construction Facilities Leach Fields 

Location. This SWMU covers approximately 9 hectares (22 acres) and is located near the southwest 
comer of the intersection of Hobbs Road and Patrol Road 5 in the southwestern comer of the PGDP. The 
SWMU is located immediately west of SWMU 193. These McGraw Construction Facilities also were 
built in the early 1950s during construction of the PGDP. The sites consisted of an Administrative Building 
[9,801.28 m2 (105500 ,fr)], cafeteria [947.61 m2,(10,200 fr)], security guard headquarters [497 m2 (5,360 fr)], 
hospital [416.20 m2 (4,480 ft2)], purchasing building [1,114.84 m2 (12,000 ft2)], paper and stationary 
warehouse [362.32 m2 (3,900 ft2)], boilerhouse, and two leach fields located west ot:Hobbs Road. 

Setting. The surface topography near the leach fields is relatively flat and drains to the south toward 
KPDES Outfall on or west toward KPDES Outfall 009. 

Surface-water hydrology, wetlands. and floodplains. Surface drainage is routed through surface 
swales and ditches to either KPDES Outfall 017 or Outfall 009, both of which empty into Bayou Creek 
on the west side of the plant. There are 100-year floodplain areas within and along the southwest side of 
SWMU 194. 
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Biological resources. The SWMU 194 area is primarily grass-covered. Deer and' small herbivores 
such as rabbits feed in this area. Beavers occasionally build dams in the ditches draining the area. These 
areas, however, receive periodic mowing and ditch maintenance so. they do not provide critical habitat for 
T&E species of plants or animals. 

Soils and prime farmland. The soils of SWMU 194 .are Calloway series silt loams, with a shallow 
fragipan. However, construction and maintenance activities, have heavily disturbed the original soil structure. 

Underground ,utilities. No information concerning the presence of underground utilities is available. 

Manufacturing/treatment, storage, disposal iprocess. There are no descriptions of Ihistoric waste 
handling practices or of any inadvertent releases into the environment associated with this SWMU. Due 
to the likely waste handling practices and the types of wastes expected to have been generated in the 
early 1950s, there is the possibility that some contaminants may have been released. Possible release 
mechanisms include disposal ·of various fluids into the sanitary system as well as disposal adjacent to 
buildings (nOE 1998b). 

Previous remedial action. No previous remedial actions have been conducted at SWMU 194. 

Summary of investigations. 'Fhisarea' was investigated during the 1995 Site Evaluation of SWMUs 193 
and 1'94 as part of the Northeast Plume Investigation (DOE 1'995a). The analytical results from these 
samples indicate that there is limited soil contamination at SWMU 194. Chromium and lead were 
detected in soil samples near the leach fields. 

The Remedial Investigation for WAG 28 conducted in 1999 included a total of four direct push 
technology (DPT) borings, two borings within the boundaries of the northern leach -field, and two within 
the boundaries of the southern leach field. The subsurface soils were analyzed for metals. Aluminum was 
detected slightly above backgroundl screening levels in three samples and chromium was detected at 
levels exceeding screening criteria in two samples. 

Geology/Hydrogeology. Four shallow soil borings were installed in SWMU 194 during the 1999 
WAG 28 RI. Based on the boring logs provided in the WAG 28 RI report, the lithologies encountered 
beneath the unit, in order of increasing depth, are as follows: gravel fill material, loess deposits (HU 1), 
and upper fluvial/alluvial deposits (HU2). Fill material, composed of gravel and sand, was present at a 
thickness of up to 0.6 m (2 ft). Loess, yellowish brown silty clays, (HU 1) extended to the approximate 
depth of 4 m (12 ft) bgs. Upper fluvial/alluvial yellowish brown clayey silty sand to sandy silt (HU2) was 
present to the approximate termination depth of 9m (30 ft) bgs. Groundwater was only encountered in 
,one ·of the UCRS borings at the depth of approximately 9 m (30 ft~ bgs. 

Fate and Transport. The former leach fields associated with SWMU 1'94 are located south of the 
slope of the Porters Creek Clay terrace. None of the .SWMU 194 RI soil1borings extended below 9 m(30 ft) 
bgs. Area soil.horings from previous investigations provided information to supplement the SWMU 194 
RI in the development of the fate and transport model. 

To address contaminant migration off the terrace and into the RGA, the model included' two ,layers. An 
upper, partially saturated layer [to a depth of 17 m ~55 ft) bgs] consisted of the loess deposits making up 
HUl, permeable and discontinuous sand and gravel lenses of the rerrace Gravel and of BU2, and the 
thin, silty clay aquitardof HUJ. The RGA made up the lower, saturated layer from 17-26 m (55-85 ft) bgs. 
Model distances were 3 m (10ft) to the PGDP security fence (SWMU 194 is located outside the PGDP 
security fence so a small non-zero value was used!) and' 2652 m (8700 ft) to the DOE property boundary. 
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SWMU 194 model results are presented in Table 3.32. Aluminum was the only other contaminant 
that was modeled, with derived levels of 0 mglL at both receptor locations. • 

Constituent 
chromium 
lithium 
strontium 

Table 3.32. Fate and transport modeling results for SWMui 94 

Plant fence 
Maxconc. 

(mgIL) 
72.4 
67 

10.5 

Time 
(year) 
3783 
19.7 
55.8 

Property boundary 
Max conc. Time 

(mgaL) (year) 
0.17 7728 
7.57 52 

5.17 x 10-4 9824-11 ,832 

The results of the MEPAS modeling for SWMU 194 indicate no significant sources ·of groundwater 
contamination are present at the SWMU 'li94 leach fields. 

Area of Concem 204 

. Location. Area of Concern 204 includes approximately 3 acres located on the eastern side of the 
plant, between Patrol Road 3 and Dyke Road. The AOC is located immediately south and .east of SWMU 99. It 
is believed that this area was used for disposal of construction debris. 

Setting. The surface of AOC 204 is undulating, with surface elevations ranging from III to l}i8 m 
(364 to 388 ft) above mean sealevel. The area is covered with heavy vegetation and young trees. 

Suiface-water hydrology. wetlands. and floodplains. Surface drainage is routed through surface • 
swales and ditches to either KPDES Outfall 010 or Outfall 011, both of which empty into Little Bayou Creek 
on the east side of the plant. There are no streams, wetlands, or toO-year floodplain areas within AGC 204. 

Biological resources. AGC 204 is primarily covered with grass and small trees. Deer and small 
herbivores such as rabbits feed in this area. The area, however, receives periodic mowing and ditch 
maintenance so it does not provide critical habitat for T&E species of plants or animals. 

Soils and prime farmland. The soils of SWMU 194 are Calloway series silt loams, with a shallow 
fragipan. Construction and maintenance activities have heavily disturbed the original soil structure. 

Underground utilities. No information concerning the presence of underground utilities is available. 

Manufacturing/treatment, storage, disposal process. There are no descriptions of historic waste 
handling practices or of any inadvertent releases into the environment associated with this SWMU. 

Previous remedial action. No previous remedial actions have been conducted at SWMU 1'94. 

Summary of investigations. An August 1995 investigation of AOC 204 provided no evidence that 
the AOe posed a threat to human health or the environment (DOE 1995a). Additionally, AOC 204 also 
was included in the 1995 SI for Outfalls 010,0111, .and 012. Results from the soil borings and six ditch 
samples obtained during that study indicate that there is a source ofTCE, trichloroethane and dichloroethene in 
KPDES Outfall ell (DOE 1995b). The likely source for the detected analytes in KPDES Outfall 011 is 
believed~ to be a small historical spill in Outfall' 011. 
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The Remedial Investigation of WAG 28 conducted in 1999 included two sets of paired borings. 
Each consists of a boring to' collect subsurface soil samples, installed with a Hollow Stem Auger (HSA) 
drill rig, and a boring to collect groundwater samples, installed with a Dual Wall Reverse Circulation 
(DWRC) air rotary drill rig. 

Volatile organic compounds were not detected in any of the subsurface soil samples. In the UCRS 
groundwater, trichloroethene and its by-products were detected' at concentrations below screening levels 
but slightly above the detection limit. Trichloroethene was noted primarily in the RGA but not in 
concentrations that would ,indicate a nearby source. Radionuclides were not observed in either the 
groundwater or soils at levels of concern. 

Geology/Hydrogeology. FoUf soil borings were installed in AOC 204 during the 1999 WAG 28 
Investigation. Fill material composed of gravel, sand and clay, was present at a thickness of up, to 2 m (5 ft). 
Loess, yellowish brown silty clays and reddish brown clays (HU1) were found to the approximate depth 
of 7 m (24 ft) bgs. Upper fluvial/alluvial yellowish hrown clayey silty sand! to sandy silt, and gravel 
(HU2) extended to ,the approximate depth of 20 m (64 ft) bgs. HU3 deposits. locally consist of 
approximately 3 m (10 ft)ofyellowish brown and gray clay to silty clay. 

The shallow groundwater system at the site, the VCRS, consists of the upper Continental Deposits and 
overlying loess. Flow within the UCRS is predominantly downward into the uppermost aquifer, the RGA. 
The first encounter of significant groundwater in the UCRS was noted at approximately 17 m (55 ft) bgs in 
AOC 204. 

The lower continental deposits of the RGA (HU4and HU5) in this area exhibits a grading ,thickness 
of9 to 3 m (30 to 10 ft) and pinches out to the south into the Porters Creek Terrace. The Porters Creek 
Clay consists of dark gray to greenish black stiff clay in this area. Both the ,Porters Creek Clay and the 
RGA are underlain by the McNairy Formation. The McNairy Formation consists of grayish white to dark 
gray micaceous clay, often silty,interbedded with fine sand. 

Fate and Transpor:t. The AOC 204 fate and transport model consists of 3 layers ~two partially 
saturated and one saturated), based upon soil borings of the WAG 28 RI and deep soil borings of the 
Groundwater Phase N investigation (DOE 1995a). Loess deposits of theHU 1 and permeable,but 
discontinuous, sand and gravel lenses of the HU2 constitute the top layer to a depth of 16 m {52 ft~. The 
silty clay HU3aquitard defines the second layer of the model at depths of 16-20 m (52-67 ft). Sandy 
gravel deposits of the RGA[20-29 m (67-95 ft) bgs] make up the third layer. The travel distances from 
the AOC 204 source were 3 m (10 ft) to the PGDP security fence (AOC 204 was located outside the 
security fence,so a small, non-zero value was used) and '1372 m (4500ft)to the DOE property boundary. 

Table 3.33 presents the results of the MEPAS modeling. MEPAS cannot accurately assess the 
trichloroethene level in the RGA groundwater at the PGDP security fence. Thus, the maximum 
concentration presented in liable 3.33 represents a consefVative estimate. 

Constituent 
trichloroethene 
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Table 3.33. Fate and,transport modeling results ,for AOC 204 

Maxconc. 
(mg/L) 
14,280 

Plant fence 
Time 
(year) 
1,1'0.5 

3-111 

Property boundary 
Max conc. Time 

(mg/l,) (year) 
3.66 .,63 



The MEPAS modeling indicates that TCE concentrations in the UCRS soils at AOC 204 will not 
result in RGA groundwater concentrations exceeding MCLs at the DOE property boundary. • 

WAG 28 Risk Assessment Summary 

The summary presentedl in this section was taken from Remedial Investigation Report for Waste 
Area Grouping 28 at the Paducah Gaseous Diffusion Plant (DOE 2000a). The RI document provides 
infonnation on the baseline risks posed to human health and the environment from contamination at 
WAG 28 that will be used to support the need for remedial action in WAG 28 and to assist in the 
selection of the remedial alternatives. 

The following is excerpted from the Executive Summary of the WAG 28 BRA. 

In 1999, the u.s. Department of Energy (DOE) conducted a Remedial Investigation (RI~lResource 
Conservation and Recovery Act Facility Investigation for Waste Area Grouping (WAG) 28. 
WAG 28 includes Solid Waste Management Units (SWMUs) 99,193,194, and Area ofConcem 
(AOC) 204 at the Paducah Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky. SWMUs 99 
and 193 were further subdivided into units based upon area and historical use (99a, 99b, 193a, 
193b, and 193c.) The overall purpose of this investigation was to determine the presence, 
nature, and extent of contamination at SWMUs 99a, 99b, 1193a, 193b, 193c, 194 and AOC 204. 
The primary focus of the RI was to collect sufficient information about surface soil, subsurface 
soil, and the shallow groundwater of the Upper Continental Recharge System (VCRS) 
contamination to support an assessment of risks to human health and the environment and the 
selection of remedial actions to reduce these risks. In addition, contamination in the Regional 
Gravel Aquifer ~GA) and McNairy Formation groundwater was characterized to detennine if 
contamination in the sites acted as a secondary source of contamination to groundwater. 

Consistent with regulatory guidance and agreements contained in the approved human health risk 
assessment Methods Document (DOE 1996), the baseline human health risk assessment (iBHHRA)evaluates 
land-use scenarios that encompass current use and several hypothetical future uses of the WAG 28 sites 
and the areas to which contaminants may migrate. The following land-use scenarios and exposure routes 
are assessed. 

Current industrial worker 

• direct contact with surface soil 

Future industrial worker 

• direct contact with surface soil! 
• use of groundwater drawn from aquifers below WAG 28 

Future excavation worker 

• direct contact with surface and subsurface soil 

Future r:ecreational: user 

• ingestiori of game exposed to contaminated surface soil 
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Future on-site rural resident 

• direct contact with surface soil 
• use of groundwater drawn from aquifers below WAG 28 
• ingestion of vegetables grown in the WAG 28 area 

Off-site rural resident (at PGDP security fence) 

• use of groundwater drawn from aquifers anhe 'PGDP fence boundary 

This report also contains a haseline ecological risk assessment (HERA) that evaluates risks under 
both current and potential future conditions to several ecological receptors that may come into contact 
with contaminated media at or migrating from sources in WAG 28. 

Summary tables of the risk assessment done for the WAG 28 BRA follow. Tables 3.34' through 3.37 
present the risk results and the quantitative risk summaries found in Exhibits 1.58 through 1.61 of the 
WA628 BRA. 

Table 3.34. Summary of risk results and uncertainties for the 
current industrial worker - ELCR - for WAG 28 

(formerly "Exhibit 1.60. Quamitative summary' of uncertainties for the CUTTent industrial worker-excess 
lifetime cancer risk 'j 

Default ELCR 
minus Default ELCR 

infequently minus common 
Default detected laboratory 

Location ELCR" anall:tesb contaminants· 
SWMU 99a,(soil) 3.1 X 10-4 3.0,x 10-4 3.1 X 10-4 
SWMU 193a (soil) \.5 x 10-5 \.5 X 10-5 1.5 X 10,5 

SWMU 193b (soil) 5.1 x 10-4 5.1 X 10-4 5.1 X 10-4 
SWMU 193c (soil) 1.7 x 10-10 1.7 X 10- 10 L7 X 10- 10 

3 These values are identical to the values presented in Exhibit 1.19'. 
b These values are identical to the values presented in Table 1.82. 
e These values are identical ,to the values presented in Table 1.84. 
d These values are identical ,to the,valuespresented' in Table 1.86. 
e These values are identical to the values presented in Exhibit 1.55. 

Default IELCR ELCR computed 
minus analytes using EPA 

with provisional; or Region 4 Lower 
withdrawn toxicity absorption bound 

valuesd factors· ELCRr 

7.5 X 10,5 6.7 X 10-5 5.8 X 10-5 

9.2 x 10;6 2.0 x 10-6 1.2 X 10-6 

2.7 X 10-9 1.1 X 10-5 2.7 X 10-9 

1.7 x 10: 10 1.7 x 10,10 1.7 X 10,10 

r These values were derived omitting infrequently detectedanalytes, laboratory contaminants, and those contaminants for which 
only provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption values . 
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Table 3.35. Summary of risk results and uncertainties for the 
future iodustrialworker - EI!.CR - for WAG 28 

(formerly "Exhibit 1.61. Quantitative summary of uncertainties for the future industrial worker-excess 
lifetime cancer risk ") 

Default 
ELCRs minus Default ELCR 
infrequently minus 

Default detected laboratory 
Location ELCR" anal!tesb contaminants' 

SWMU 99a(RGA) 5.6 x 10.4 5.6 X 10"" 5.6 x 10"" 
SWMU 99a (McNairy) 7.6 x 10.5 7.6 x 10.5 7.6 X 10.5 

SWMU 99b (RGA) 2.6xIO"" 2.6 x 10.4 2.6 X 10"4 

SWMU 193a (RGA) 2.6 x 10-5 IA x 10-5 2.6 X 10.5 

SWMU 193a (McNairy) 1.1 x 10.6 1.1 x 10-6 1.1 X 10-6 

SWMU 193b (RGA) 4A x 10.5 4A x 10.5 4.3 X 10.5 

SWMU 193b (McNairy) 8A x 10.7 8A X 10-7 8.4 X 10.7 

SWMU 193c (RGA) 1.0 x 10'5 LOx 10-5 1.0 X 10-5 

SWMU 193c (McNairy) 4.2 x 10"" 4.2 X 10-4 4.2xI0"" 
AOC 204 (RGA) 1.3 x 10-3 1.3 x 10-3 1.3 x 10-3 

Notes: NA = Not Applicable. 
• These values are identical to the values presented in Exhibit 1.29. 
b These values are identical to the values presented in Table 1.82. 
C These values arc identical to the values presented in Table 1.84. 
d These values arc identical to the values presented in Table 1.86. 

DefauitELCR 
minus analytes ELCR computed 

with provisional or using EPA Lower 
withdrawn toxicity Region 4 dermal bound 

valuesd toxici!! values ELCRf 

3.1 X 10"" NA 3.1 x 10"" 
5.3 x 10.5 NA 5.3 x 10.5 

1.5 x 10"" NA 1.5 x 10"" 
I. 7 X 10-5 NA 3.6 x 10.6 

8.8 X 10.7 NA 8.8 x 10.7 

k7 x 10-5 NA 1.7 x 10.5 

i'.5 X 10-7 NA 1.5 x 10-7 

1.9 x 10;6 NA 1.9 x 10-6 

2.0xIO"" NA 2;0 x 10"" 
1'.0 x 10:3 NA 1.0 x 10-3 

e These values were derived omitting infrequently detected analytes, laboratory contaminants, and those contaminants for which 
only provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption values. 

Table 3.36. Summary of risk results and uncertainties for the 
current industrial worker - systemic toxicity - for WAG 28 

(formerly "Exhibit 1.58. Quantitative summary of uncertainties for the current industrial worker-5ystemic 
toxicity") 

.Default HI 
Default HI minus minus common 

Default infequently laboratory 
Default HI wlo detected, analytes contaminants 

Location HI8 lead" wlo leadb w/ollead' 
SWMU 99a (soil) <I <I <I <I 
SWMU 193a (soil) <I <I <I <I 
SWMU 193b (soil) 5.25 <I 5.25 5.25 
SWMU 193c {soil) 3620 <I <I <I 

a These values are identical· to the values presented in Exhibit 1_17 . 
b These values are identical to the values presented in Table 1.82. 
C These values are identical to the values presented in Table 1.84. 
d These values are identical to the values presented in Table 1.86. 
e These values are identical to the values presented in Exhibit 1.55. 

Default HI minus 
analytes with 
provisional or Region 4 Lower 

withdrawn toxicity absorption bound 
values wlo leadd factors wlo lead" Hlf 

<I <I <I 
<I <I <I 
<I <I <I 
<I <I <,J 

f These values were derived omitting contributions from lead, infrequently detected analytes,and l compounds for which only 
provisional or withdrawn toxicity values are available and using EPA Region 4 dermal absorption factors. 
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Table 3.37; Summary of risk results and uncertainties ·for the 
future industrial worker - systemic toxicity - for WAG 28 

(formerly "Exhibit /.59. Quantitative summary of uncertainties for the future industrial worker-systemic 
toxicity',/ 

Default His ,minus 
Infrequently 

Default Oefault HI detected I analytes 
Location HI" w/olleadB w/o leadb 

SWMU 99a (RGA) 8,150 5.11 5.111 
SWMU 99a(McNail)') 1.64 1.64 ·1'.64 
SWMU 99b (RGA) 7.00 7:00 7.00 
SWMU 193a (RGA) 1.64 1.64 k63 
SWMU 193a (McNairy) 4'.69 4.69 4.43 
SWMU 193b(RGA) 1.74' 1.74 1-.74 
SWMU 193b (McNairy) <I <I <I 
SWMU 193c (RGA) 1.46 1;46 1046 
SWMU 193c (McNairy) 25,100 9:92 9.92 
A0C 204 (RGA) 33.3 33.3 33.3 

• These values arc identical to the values presented in Exhibit 1.21. 
b These values arc identical; to the values presented in Table 1.82. 
e These values are identical; to the values presented in Table 1.84. 
d These values are identical! to the values presented in Table 1.86. 

Default HI minus Default HI minus 
laboratory analytes with.provisional Lower 

contaminants wlo or withdrawn toxicity bound 
leade values w/o leadd HI~ 

5.11 2.61 2.6 
1.64 <I <I' 
7,00 2.22 2.2 
1.63 <I <I 
4.69 <I <I, 
1.73 <I <I; 
<I <I <I' 
1.46 1.09 1.09 
9:92 7.55 7.5 
33.3 32.1 32.1 

e These values were derived omitting contributions from lead, infrequently detected analytes, and compounds for which only 
provisional or withdrawn toxicity'values are availabJeandl using EPA Region 4 dermal absorption factors . 

As shown in Table 3.34, most of the ELCR estimates calculated' for the current industrial worker using 
tht! default exposure rates (column 1) differ from the lower bound estimates (last column) to varying 
extents. Thus, the numerical comparisons vary from "no change" (a ratio of 1) to differences of over five orders 
of magnitude. Where changes occur, the uncertainties that appear to make the most significant contribution 
are the omission of compounds with provisional and withdrawn carcinogenicity benchmarks and the use 
of EPA Region 4 dermal absorption factors instead of KDEP defaults. Notwithstanding these changes, the 
lower bound ELCRs remain within the EPA's range of concern for two of the four sites under consideration. 

By contrast to soil exposure, 'fable 3.35 shows that the ELCR estimates for the future industrial worker 
exposure ,to groundwater under default and lower bound conditions do not vary greatly. In general, the 
changes are less than one order of magnitude, with the resulting lower bound ELCR estimates stm 
exceeding the de minimus level at some sites. 

In Tables 3.36 and 3.37, the HI estimates for both current and future industrial worker exposure to 
soil calculated using the default exposure rates (column 1) vary markedly from the lower bound estimates 
(last column); for those locations where lead. was included as a COPC, and ,the provisional lead RID was 
used. For those locations, omitting lead from the list of COPCs decreases the HIs by about four orders of 
magnitude. By contrast, other uncertainties investigated in both Tables 3.36 and 3.37 have little effect on 
the HI estimates. For the current industrial worker exposed to surface soil at SWMUs 99a, 193a, 193b 
and 193c, the lower-hound estimates of HI are all less than the de minimus level established in the 
Methods Document (i.e., HI = 1). For the future industrial worker, the lower bound HI estimates stiU 
exceed an HI of 1 at several locations in RGA and McNairy groundwater. 

oo~oo I( doc )/08240 1 3-115 



BHHRA-Principal Findings 

For all sites, the cumulative human health ELCR and systemic toxicity exceed the accepted standards 
of EPA and KDEP for one or more scenarios when assessed using default exposure parameters. The 
scenarios for which risk exceeds de minimus levels (i.e., a cumulative ELCR of lE-6 or a cumulative HI 
of 1) are summarized in Table 3.38. 

BERA-Principal Findings 

Lack of quality habitat in the industrial setting of WAG 28 sites within the fence boundaries limits 
exposure of ecological receptors at most sites under current conditions (with the exception of the Millwright 
Shop at SWMU 193). However, an assessment of potential risks in the future, assuming conditions change 
so that suitable habitat becomes available for ecological receptors, was conducted. Several contaminants 
in surface soils were found to be at concentrations greater than >}evels that are protective of future 
nonhuman receptors. Table 3.39 summarizes these chemicals and radionuclides of potential ecological 
concern. Risk for ecological receptors was not evaluated at SWMUs 99b and 194 or AOC 204 because it 
was previously determined that surface soil was not a medium of concern at these sites. 

3.2.6 WAG 22 

• 

WAG 22 consists of the C-749 Uranium Burial Ground (SWMU 2), the C-404 Low-Level Radioactive/ 
Hazardous Waste Burial Ground (SWMU 3), the C-747-A Burial Ground (SWMU 7), and the C-747-A 
Bum Area (SWMU 30)~ SWMUs 7 and 30 are located in the northwest corner of the security area,and 
SWMUs 2 and 3 are located in the western end of the security area as depicted in Fig. 3.30. According to 
the PGDP SMP, the SWMUs in WAG 22 were grouped due to their suspected contribution to off-site 
contamination, potential for application of a remedial technology common to the group, and similarity in • 
contaminant types tDOE 1'999c). 

As indicated above, WAG 22 consists of a total of four SWMUs. Information regarding location, 
setting, historic manufacturinglTSD processes, is provided for each SWMU in the following sections. 

3.2.6.1 C-749 Uranium Burial Ground - SWMU 2 

Location 

The C-749 Uranium Burial Ground (SWMU 2) is located in the west-central portion of the security
fenced area of the PGDP north of Virginia Avenue and on the western edge of the C-404 Low-Level 
RadioactivelHazardous Waste Burial Ground. It encompasses an area of approximately 2,970 m2 (32,000 if) 
with approximate dimensions of 49 x 61 m (160 x 200 ft). Surface runoff·from SWMU 2 primarily flows 
into the drainage ditch located south of the burial ground. This ditch is approximately 0.6 m to 1.8 m (2 ft 
to 6 ft) deep and is connected hydraulically to the UCRS. The western portion of the ditch receives 
shallow groundwater from beneath SWMU 2 during dry seasons of the year and likely acts as a local 
source of groundwater recharge during wet seasons.(DOE 1998c). 

Setting 

The following subheadings provide information on the setting of SWMU 2, including geology/ 
hydrogeology, surface features and surface-water hydrology, transportation, floodplains, wetlands, soils and 
prime farmland, biological resources; and culturalresources. Additionally, a discussion of underground • 
utilities located in the vicinity of the landfill has been included. 

00-00 r( doc )/08240 I 3-116 



• Table 3.38. Land uses of concern ·for WAG 28 

(formerly "Table ES.2. Scenarios for which human health risk exceeds de minimus levels '') 

Site 
SWMU SWMU SWMU SWMU SWMU SWMU AGe 

Scenario 99a* 99b* 193a* 193b* 193c* 194 204 
Systemic Toxicity" 
Current industrial worker 
Exposure to soil NA Xb Xc NA NA 
Future industrial worker 
Exposure to soil NA Xb Xc NA NA 
Exposure to RGAgroundwater Xd Xb Xb Xb Xb NA Xb 

Exposure to McNairy groundwater Xb NA Xb Xd NA NA 
Future on-site resident" 
Exposure to soil Xb NA Xb Xb Xd NA NA 
Exposure to RGA groundwater Xd Xb Xb Xb Xb NA Xb 

Exposure to McNairy groundwater Xb NA Xb Xb Xd NA NA 
Off~site resident 
Exposure to groundwater" X' X' X' X· Xe 

Future recreational user" 
Exposure to soil NA Xc NA N~ 

Future excavation worker 
Exposure to soil Xd Xb Xd Xc 
Excess lifetime cancer risk 
Current industrial worker 

• Exposure to soil X NA X X NA NA 
Future industrial worker 
Exposure to soil X NA X X NA NA 
Exposure to RGA groundwater X X X X X NA X 
Exposure to McNairy yroundwater X NA X X NA NA 
Future on-site resident 
Exposure to soil X NA X X NA NA 
Exposure to RGA groundwater X X X X X NA X 
Exposure to McNairy groundwater X NA X X X NA NA 
Off-site resident 
Exposure to groundwater" X' 
Future recreational user' 
Exposure to soil X NA X NA NA 
Future excavation worker 
Exposure to soil X X X X X X X 

Notes: 
Scenarios where risk exceeded the benchmark .levels (HI of I/ELCR of I E-6) are marked with an "X." 
Scenarios where risk did not exceed a benchmark level are marked with a "-." 
uNA" indicates that the scenario/land use combination ·is not appropriate. 
*Letters following SWMU numbers designate subdivisions ofSWMUs 99 and 193 based on area and ihistorical use. 

a For the future recreational user and'the future on-site rural resident, the results for a child are presented. 
bThese scenarios are of concem even though lead was undetected. 
c If contribution from lead is,not considered, the total HI falls below I, and. the scenario is not of concem 
d Lead' is present, and the scenario is of concemwhether or not the element is ,included in the assessment. 
• Based'ontheresults of contaminant transport modeling, "X"indicates that the location contains a source of unacceptable off-site 

contamination. 

• r For ELCR regarding the future recreational user and the future on-site rural resident, the values are for lifetime exposure . 
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Table 3.39. Chemicals of potential ecological concern for WAG 28 

(fonnerly "Table ES.2. Summary of chemicals with maximum detected or reasonable maximum exposure 
concentrations resulting in ecological hazard quotients greater than J for one or more nonhuman receptorgroups ") 

SWMW 
Recel!torgroul! 99a 193a 193b 193c 

Plants b Barium, Chromium, Chromium Chromium, Barium, Chromium, 
Zinc, Technetium-99c Vanadium Lead, Zinc 

Soil invertebrates b Chromium, Zinc, Chromium Chromium Chromium 
Technetium-99c 

Terrestrial wildlife d None none Vanadium None 

a Surface soil was not a medium of concemat SWMUs 99b and, 194 or AOC 204; therefore, ecological risks were not evaluated 
at those sites. 

bPlant and soil invertebrate results are based'on maximum detected concentrations, or activities. 
C See text for discussion of situation, resulting in unusually high activity for 'l9Tc. 
d Terrestrial wildlife,results are based on reasonable maximum exposure concentrations or activities. 

Geologymydrogeology 

A cross section illustrating the stratigraphy of the shalIow unconsolidated deposits underlying the 
burial ground area is presented in Fig. 3.31. 

Based on the observed top of the waste in three borings installed at the unit, the wastes at SWMU 2 
are overlaid by approximately 3 m( 10ft) of surficial deposits. Historical records indicated a minimum 
depth of 1.S m (6 ft) to the top of the waste (4 ft of soil cover plus an additional 2 ft-thick cap/vegetative 
cover), so the surficial deposits may be as thin as I.S m (6 ft) in some areas of the burial ground. These 
surficial deposits consist of silt loam and silty clay loam soils underlying a I5-cm (6-in,) clay cap and a 
46-cm( IS-in.) vegetative cover. The Upper Continental Deposits (HU 1 through HU 4) surround and 
immediately underlie the wastes. They are approximately I2.2-m (40-ft) thick in the vicinity of SWMU 2 
and consist of interbedded sand and gravel deposits separated by silty and clay-rich lenses. Results of a 
·surface seismic survey at the unit indicate that a relatively continuous refractor is present beneath the wastes 
at SWMU 2. This finding has been interpreted as an indication that HU 2A, the uppermost permeable unit 
in the Upper Continental Deposits, is a continuous lense that extends beneath the entire SWMU 2 area. 
Correlation of the sample logs for monitoring wells located: in the surrounding vicinity indicates that HU 2A 
may be continuous over the northwest portion of the plant, but this layer is typically less than I.52-m (5-ft) 
thick and exhibits a wide range of particle sizes and penneabilities. The variable clay content and 
permeabilities of these sand and gravel lenses limit the lateral movement of contamination within the UCRS. 

The top of the Lower Continental Deposits typically is found at depths of approximately IS.3 to 21.3 m 
(60 to 70 ft) bgs. The Lower Continental Deposits consist predominantly of well-rounded chert gravel 
with sand and are approximately 7.6 to 9.1 m (25 to 30 ft) thick. They are underlain by the silty and 
clayey sands of the McNairy Formation at depths of approximately 27.4 m (90 ft) bgs. 

The following summary of the hydrogeologic conditions at the burial ground is based on aquifer slug 
test results, aquifer pumping test resu1ts, and water level data from groundwater wells and piezometers in 
the vicinity of the burial grounds. Much of the information in this subsection was derived from the 
detailed summary of the remedial, action/remedial design (RAIRD) data presented in the Data Summary 
and Interpretation Reportfor Interim Remedial Design at Solid Waste Management Unit 2 of Waste Area 
Grouping 22 at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE t997b). 
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Fig. 3.30. Locations of SWMUs within WAG 22. 
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Water-level measurements taken in the monitoring wells and temporary piezometers at SWMU 2 
indicate that a high groundwater table exists beneath SWMU 2. The top of the water table, at an 
approximate average depth of 204 m (8 ft) bgs, roughly corresponds to the top of the buried waste at the 
unit, indicating most of the waste is saturated. Figure 3.32 presents a map of the wateT'levels in HU 2A, the 
thin, shallow gravel layer found at an average depth of 5.8 m (19 ft) bgs. These results confirm that, 
although the hydraulic gradient in the VCRS sands and gravels is predominantly vertical, there is a small 
southwestward component t(0:05 mlm) of 'hiteral flow in HU 2A. The groundwater levels in HU' 2A 
exhibit seasonal fluctuations ranging from about 110.6 to 112.5 m (363 to 369 ft)amsl, with the highest 
water ,levels typically occurring in the winter and spring. Based! on these expected water-level fluctuations, 
the majority of the buried waste at SWMU 2 is saturated throughout the year and all of the buried waste 
is saturated during the wet seasons. 

Groundwater levels in the lower sand units ~HU 2B) of the VCRS range from approximately 1:06 to 
1109 m (351 to 358 ft):ams},at,the burial ground. The predominant direction of.flowisdownward,through 
the underlying HU 3 aquitard into the RGA. Potentiometric maps of the area indicate :that the contaminants 
present in the RGA at SWMV 2 will migrate northward toward the Northwest Plume groundwater 
treatment facility (DOE 1996b). Table 3.40 lists the values of significant ihydrogeologic parameters for 
the hydrogeologic units beneath SWMU 2. Based on these values, the amount. of underflow passing 
through HU 2A and the quantity of leakage through HiD 3 at SWMU 2 were estimated at 890 liters/d 
(235gal/d) and 8141iters/d (215 gal/d), respectively (DOE 1997b). 

Table 3.40. Hydrogeologic parameters at SWMU 2 

Horizontal Vertical Horizontal conductivity Vertical conductivity 
Hydrogeologic unit gradient gradient (cm/sec) .(cm/sec) 

HU I 0.05 NA NA 1.0 x 10.7 

HU2A 0.05 NA 1.0 x 10.5 5.0 X ,],O'() 

HU 2 Confining NA 0.6 NA 8.0 x ):0.7 

HU2B NA NA 5.0 x 10.6 1.0 X 1]0.6 

HU3 NA 1.0 NA 5.0 x ]'0.7 

HU 4 + HU 5.(RGA) 0.0005 NA 2.0 x 10-1 NA 
SOl/ree: DOE 1997a 

Surface runoff from SWMU 2 primarilyt:1ows into the drainage ditch located south of the burial 
ground. This ditch is approximately 0.6 to 1.8 m (2 ,to 6 ft) deep and is connected hydraulically to the 
VCRS. The western portion of the ditch receives shallow groundwater from beneath SWMU 2 during dry 
seasons of the year and likely acts as a local source of groundwater recharge during wet seasons. 

Surface featul7es· and surface-water hydrology. The surface of SWMV 2 is slightly mounded, 
with surface elevations ranging from 112.8 to l!l4.9m (370 to 377 ft) amsl. Smface runoff from this unit 
flows into the drainage ditches located south and north of the SWMV and the swale located west of the 
unit. The ditches are approximately 0.6 to 1.8 m (2 t06 ft) deep andidischarge through KPDES Outfall 015 
to Bayou Creek, which is located approximately 480 m( 1 ,600 ft) west of SWMU 2. Some surface-water 
runoff across the area originates from the mounded area associated with the C404 Low-Level Radioactive/ 
Hazardous Waste Burial Ground (SWMU 3), which is located immediately east ofSWMU 2. The smface 
of SWMV 2 and the surrounding ditches are grass-covered. 

Transportation. Transportation in the vicinity of SWMV 2 consists of PGDP personnel performing 
day-to-day activities and is confined to paved or gravel roads. 
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Wetlands. No wetlands have been identified at SWMU 2, ,but potential wetlands have been identified 
in the adjacent drainage ditches, which are outside the boundaries of the unit (CDM Federal 1994). Final 
wetland determination for these areas was not possible during the 'J:994 COE wetlands study, due to 
health and safety restrictions denying access to any ditches located on the PGDP. However, the COE 
made the determination that the areas identified as potential wetlands are jurisdictional wetlands. The 
drainage area consists of a depression adjacent to Virginia Avenue and a side road, south and east of 
SWMUs 2 and 3 approximately 3 m (10 ft) wide and 274 m (900 ft)long. Elevation ranges from approximately 
U4.3 m (375 ft) amsl at Virginia Avenue to. 112.S m (370 ft) amsl in the bottom of the drainage area. 
Water levels in the drainage area can range from nearly 1.5 m (5 ft) bgs. Hydrologic connection to other 
drainage areas is maintained with a culvert system. Water enters this area from the east through culverts 
and exits the area to ,the west as overland flow. Overall, hydrologic functions and values (e.g., groundwater 
recharge through productionexPo.rt) are rated low to moderate. The presence of an outlet, the relatively 
small size of the wetland, and the lack of open water limits the hydrologic functions and values. Biological 
functions and values (e.g., wildlife diversity/abundance through aquatic diversity/abundance) also. are 
rated low to moderate. 

Floodplains. No 100-year floodplains are adjacent to SWMU 2. 

Biological resources. Themajo.rity of the area associated with SWMU 2 has been cleared previously 
of vegetation and consists of various grasses including rye, fescue, foxtail, and various others not identified 
due to mowing practices. Vegetation present within the depression adjacent to Virginia Anvenueconsists 
of rush (Juncus sp.), flat sedge (Cyperus sp.), spikerush (Eleocharis sp.), sedges (Carex sp.), and various 
grasses (CDM Federal 1994) . 

Since SWMU 2 is within the security area and is frequently mowed, it provides limited habitat for 
wildlife. No endangered or threatened species are known to be present at SWMU 2 (CDM Federal 1994). 

Cultural resources. All of the areas asso.ciated with SWMU 2 have been previously disturbed! and, 
consequently, are not likely to contain any sites of archaeological significance. 

Underground utilities. An old electrical conduit appears on site diagrams; it runs from the 
northeast to ,the southwest across the no.rthern part of SWMU 2. 

Ma1lu/acturi1lg/TSD Processes 

The C-749 Uranium Burial Gro.undi (SWMU 2) was used from approximately 1'951 until 1977 for 
the disPo.sal of, containerized and unco.ntainerized uranium and uranium-co.ntaminated wastes. According 
to disPo.sal records, the burial gro.und consists of numerous individual burial pits (or trenches); these 
burial! pits generally corresPo.ndto. 6.1 x 6.1 m (20 x 20 ft). It was repo.rted that wastes. were placed in 
trenches excavated to a maximum depth of approximately 2.1 to. 5.2 m (7 to 17 ft): and then covered with 
0.6 to 1.2 m (2 to 4 ft) of soil. The exact depth of waste burial has not been determined, but sufficient 
data exist to resolve the maximum deptho.f burial. The results of the recent investigation at SWMU 2 
indicate a depth of approximately 5.6 m(:lS.5 ft) to the top o.fundisturbed soi'ls;this value can be used as 
the probable maximum depth to. the base of the waste pits (DOE 1997a). Sampling activities conducted 
during the recent investigatio.n have revealed ,that the backfill surro.unding the buried waste is a non-native 
clay likely having a lower permeability than the surrounding (native) soils, After the drums were placed 
into the burial cell, fires repo.rtedly occurred from oxidation o.f pyro.phoric uranium shavings, which are 
spontaneously ignitable in the presence of oxygen. No reco.rds are available documenting when and 
where the fires occurred! at SWMU 2. No subsidence was o.bserved as a result of these fires. 
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Summary of Investigations 

The SWMU 2 and adjacent SWMU 3 areas are among the most fully characterized sites, 
hydrogeologically ,at the PGDP. The principal investigations addressing potential contamination in the 
area are the Phase land Phase n SIs conducted in response to the ACO (CH2M HILL 1991 and 11992) 
and the recent investigation (referred to here as the RNRD field investigation) conducted to support the 
interim remedial action design ~DOE 1997a). In addition, during the 12-year period beginning in 1979; 
several companies, including GeoTek (1980), D'Appalonia (1983), EDGe (1989), and Terran (1990), 
conducted site characterization activities in the vicinity of the burial grounds. 

Sampling locations at SWMU 2 are shown on Fig. 3.32. One deep soil boring (H 221), one shallow 
soil boring (H 262), and numerous groundwater monitoring wells (MWs 48 through 51, MWs 57, 58, 67, 
and 74) were installed in the SWMU 2 area prior to the RNRD field investigation. MW154 was installed as 
a replacement well for MW58, which was abandoned in 1990 because surface contamination was determined 
to be migrating down the casing annulus. In addition, three double-ring infiltrometer tests (DRIs 4 
through 6) were conducted to estimate the amount of precipitation that percolates through the existing 
low-permeability cap at SWMU 2. 

For the RAIRD field investigation, soil samples were collected from five shallow near-waste-cell soil 
borings (2-1, 2-2, 2-4, 2-8, and 2-12), and two waste samples were collected at locations 2-12c and 2-15c 
from within the burial pits. Soil samples also were collected from deep perimeter borings [having total 
depths between 21.3 to 29;0 m (70 to 95 ft) bgs] that were drilled at locations 2-3, 2-5, 2-9; 2-13, and 2-17. 
Three sediment (2-6, 2-11, and 2-15) and four surface soil samples (from 2-7, 2-10, 2-14, and 2-17) were 
collected. Groundwater samples were collected at locations 2-3, 2-5, 2-9, 2-1iO, 2-13, 2-16, and 2-17. 

• 

Eighttemporary piezometers were installed at locations 2-3, 2-4, 2-5, 2-8, 2-10, 2-13, 2-16, and 2-17 to • 
monitor the water levels in the shallow UCRS (HU 2A). Three additional piezometers were installed at 
approximate ly 3 m (lOft) bgs at locations 2-8, 2-10, and 2-17 to confirm the elevation of the shallow 
water table at SWMU 2. 

Three wells, MWs 333, 337, and 338, were installed at SWMU 2 in the upper RGA for the RAJRD 
field investigation. These upper RGA wells, along with the three previously installed wells, MW67 (upper 
RGA), MW74 (lower UCRS), and MW154 (upperUCRS), makeup the current groundwater monitoring 
program at SWMU 2. 

SWMU 2 also was sampled during the Phase I and Phase II SIs. Soil samples were collected from 
sampling stations H221 and H262. Water samples were collected from MWs 67, 74, and 154. 

Conceptual Site Model 

The source area is identified as the area of direct waste deposition. The sources of contamination 
that make up the source area at SWMU 2 include the buried waste materials and impacted near-surface 
soil (i.e., near-surface soil contamination is probably from the buried waste as no contaminated soils have 
been deposited at SWMU 2). The sources consist of low-level radioactive waste, primarily uranium and 
uranium-contaminated materials, organic constituents (primarily TeE and PCBs), and metals. The waste 
containers are saturated by groundwater with probable migration pathways existing from waste to 
groundwater and potential pathways from waste to the surrounding soils and air. Potential pathways exist 
from surface soil to surface water and sediments. From the waste source, release mechanisms include 
leaching and dissolution (as a result of direct contact of water with the waste cell~ into the groundwater. 
For surface soil, the potential release mechanisms include erosion and surface runoff. Also, direct • 
exposure to surface soil contaminants may occur through direct contact, and direct contact with uranium 
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may occur as a result of physical intrusion or excavation into SWMU 2. Potential migration pathways for 
contaminants through the air may occur in the form of airborne ,particulates, radionuclides, and vapor 
phase organics compounds. Additional i release mechanisms may be caused by physical disruption as a 
result of excavation into the waste. Once in the environment, contaminants can be transferred· between 
media and transported away from the SWMUthroughintegrator units {i.e., surface water and groundwater). 

Groundwater may be contaminated by leachate generated by infiltration through ,the waste or by 
direct contact of the groundwater with the waste. SWMU 2 is situated within the ,loess and the Upper 
Continental Deposits, which are approximately 18.3 m (60 ft) in thickness. Within these deposits is the 
UCRS, which provides the majority of recharge to the RGA below. 'Fwo main saturated layers within the 
VCRS have been identified: the HU 2A sand and gravel lenses, occurring at elevations ranging from 105 to 
108 m (346 to 353 ft) amsl, and! the HU 28 sand and gravel lenses, occurring at elevations ranging from 
102 to .]105 m (335 to 346 ft) amsl. Although there is a minor lateral (westward) gradient of flow within 
HU 2, the predominant flow direction is downward, toward the RGA. The RGA provides the primary source 
of potable groundwater for the area between the Ohio River and the PGDP, and is thus the Groundwater 
Integrator 10nit for groundwater contamination off-site. 

Figure 3.33 depicts the conceptual model for groundwater conditions within SWMU 2. The relative 
conductivities of the lithologic units are denoted by UK" and represent the following: KI represents 
low-conductivity clays and silts; K2 represents the higher conductivity of the disturbed soil within the 
waste; and K3 represents the conductivity ·of the sands and gravels, which is higher than the other two 
conductivity groupings. The SWMU 2 data summary report indicates that the depth of the water table 
and the top of ' the buried waste coincide, and that the high water level is from the water table and not the 
result of perched water in the pits. Consequently, a groundwater contaminant pathway off-site exists 
through direct contact of groundwater with the waste, independent of leaching. 

The data summary report for SWMU 2 concluded shallow groundwater is hydraulically connected 
with the ditch south of SWMU 2. This conclusion indicates that contaminants within SWMU 2 may 
migrate to the ditch via shallow groundwater. However, an evaluation of the contaminants found in the 
ditches discounts groundwater discharge as a significant contributor. The majority of the contaminants 
identified in the south ditch are metals and radionuclides whose soil-water partition coefficients (Kd) 

indicate an affinity for soils. Additionally, the shallow soils at SWMU 2 contain significant amounts of 
clay-size particles, which have a greater binding affect on contaminants. Contaminant transport in the 
UCRS is primarily vertical (e.g., leaching or direct contact with the waste) to the RGA. 'The data summary 
report for SWMV 2 used: modeling (MEPAS and RESRAD) to quantify vertical migration. This 
information then was used to determine the potential effects of the contaminants on human health and the 
environment. The data summary report contains a more detailed discussion of the modeling performed 
and a presentation of the risks associated with the modeled contaminants (DOE 1997a). 

Nature alld Extellt ofColllamillatioll Of Buried Waste 

The waste materials within the burial! pits at SWMU 2 are considered likely sources of contamination 
in the surface and subsurface soils and in the VCRS and RGA at this unit. The buried waste materials 
within the C-749 Uranium Burial Ground contain radionuclides, metals, VOCs, and SVOCs. Estimates of 
the quantities and' types of wastes. buried at the unit are provided by disposal records, which indicate that 
approximately 245,000 kg (270 tons) of uranium, 223,000 liters (59,000 gal)'of oil; and 1,700 liters (450 gal) of 
TCE were buried within the waste pits. The disposal records, although of questionable accuracy, also 
provide a general guide to the lateral configuration of the buried waste within the unit. Additional data 
was ,collected during the RAIRD field investigation to refine· further the horizontal and vertical limits of 
the buried waste materials at this SWMU. The exact vertical extent of the waste has not been determined, 
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but refraction seismic data collected in support of the geophysical' diffraction tomography survey at 
SWMU 2 indicate that the probable maximum depth to the base of the waste is approximately 5.6 m 
(li8.5 ft) bgs (DOE 1:997a). 

One of the principal source term uncertainties remaining is the predominant form of uranium present 
in the waste. Disposal records indicate that much of the uranium is present in the form of relatively 
insoluble uranium metal (including shop turnings, shavings, and sawdust), uranium alloys, and uranium 
mddes (approximately 13,000 kg of U30 g} However, more mobile fonns of uranium are reportedly present 
as well. Disposal records indicate that drums containing uranyl fluoride solution, uranium·contaminated 
sludges, uranium-contaminated TCE, and UF4 also were buried within SWMU 2. Based on the nature of 
the wastes reportedly buried at the unit, it is likely that the records listed as uranyl fluoride solution are 
primarily uranyl nitrate. With the exception of the partial excavation conducted in Area 9 in 1984, only 
two samples of the waste material have been collected at the unit. Waste samples from these two 
sampling locations (2-12 and 2-15), taken after unintentionally drilling into the burial pits, indicate that 
the proportion of the 238U isotope present reiative to the amounts of 234U and 235U in the waste is greater 
than the relative proportions typical of uranium ore. This proportion is consistent with the waste type 
(depleted uranium) reportedly placed in the unit. The maximum levels detected in the waste samples 
were '110,158,800 pCilkg 238U, 761'4 pCilkg 234V,and 8'10pCilkg 235123~. (The analysis perfonned could 
not differentiate between 235U and 23~.) Other radionuclidesdetected in the waste samples included 
23"Th (37,710 pCilkg) and 99Tc (11.9 pCilkg); 

Although PCBs were not detected in the two waste samples, PCBs are considered likely waste 
contaminants, based on process knowledge and the analytical data for the recently located drum 
excavated from the unit in 1984. PCBs were detected in sludge samples from this drum at a· maximum 
concentration of 7,900 mglkg. It is likely that PCBs were present in some of the petroleum~based or 
synthetic oils used to stabilize thepyrophoric uranium but:ied within SWMU 2. 

Nature alJdExtelJt Of COIJtam ilJatiolJ of SecOI.daryDNAtJ'L 

One of the goals of the investigation at SWMV 2 was to detennine if a DNAPL source exists 
beneath SWMV 2. Waste disposal records state that 1,700 liters (450 gal)ofTCE were buried at the unit 
and sampling results indicate that high levels of TCE are present in subsurface soil and groundwater at 
the unit. However, the concentrations of TCE detected in VCRS and RGA groundwater at the unit do not 
exceed the criteria· for . definition of a DNAPL source (i.e., concentrations did not exceed 10,000 JlglL, or 
1% of the solubility limit for TCE). During the RAIRD field investigation, the concentrations of TCE 
detected in groundwater were found to exceed the criteria for definition of a hot spot (0.1 % solubility, or 
1,000 Jlg/L) in both the UCRS and RGA. The highest concentration ofTCE detected in the RGA groundwater 
during this investigation was 5,350' Jlg/L, detected in a sample collected from the upper RGA at a depth 
of 17 m (56 ft) bgs in boring 2-13. The concentration ofTCE dropped to 370 Jlg/L ina sample from the 
same boring collected from the base of the RGA. The maximum TCE level detected in the three 
downgradient upper RGA monitoring wells (MWs 337,338, and 67) at SWMU 2 was 8.3 Jlg/L, which is 
close to the maximum level (10 Jlg/L) detected in the background RGA well (MW333) located on the 
southern edge of SWMU 2. These sampling results indicate that DNAPLs maybe present in the vicinity of 
SWMU 2 but likely have not reached the base of the RGA. The higher concentrations in the upper RGA 
may be due to vertical migration of TeE from a DNAPL source in the VCRS to the RGA beneath the unit, 
lateral migration from an upgradient DNAPL source in the RGA, or both. To detect any potential future 
releases into the RGA from SWMU 2, theRGA wells installed at the edges of the unit will continue to be 
monitored on a quarterly basis. Groundwater data indicate that the dissolved-phase contaminants currently 
present in the RGA at SWMU 2 will migrate northward toward the Northwest Plume Containment System. 
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Nature and Extent of Contamination of VCRS soUs 

Ten metals (arsenic, barium, beryllium, chromium, manganese, nickel, silver, thallium, uranium, and 
vanadium) have been detected at levels above background in subsurface soil samples from the VCRS [at 
depths between approximately 0.3 to 15.2 m (1 to 50 ft) bgs] at SWMU 2. Radionuclides detected at 
activities above background in the UCRS subsurface soils at the unit and their maximum detected 
activities include 23'Th (1.55 pCilg), 2~ (155 pCilg), 235123tv (25.8 pCilg), and 238V (947 pCi/g). In addition, 
low levels of the radionuclides 241 Am (0.48 pCi/g), 237Np (0.12 pCi/g), and 239pu (0.09 pCi/g) have been 
detected in UCRS soil samples at the unit. The organic compounds TCEand cis-l,2-DCE were detected 
in VCRS soils at maximum concentrations of 140 mglkg and 130 mg/kg, respectively. Vinyl chloride 
(VC) was detected in just one subsurface soil sample at a concentration of 1.4 mglkg. Aroc1or-1248 was 
detected in several UCRS soH samples; its maximum concentration (4.2 mg/kg) was detected at soil 
boring location 2-2 at a sample depth 2.5 to 3.7 m (8 to 12 ft~ bgs. 

Nature alld Extent of COli tam ination of RGA alld McNairy Soils 

With the exception of uranium, no analysis was perfonned for metals in the RGA and McNairy soil 
samples collected at SWMU 2 for the RAIRD investigation. During the Phase n SI, no metals were 
detected above background 'levels in subsurface soil samples collected beneath 1,5.2 in (50 ft) bgs. Low 
levels of the radionuclides 23ont, 234V, 23S123tv, 238U, and 99Tc were detected in RGA and McNairy soils at 
SWMU 2. None of these radionuclides have been detected above background levels in the RGA soil 
samples. In the McNairy soils, the radionuclides 23'Th (1.51 pCi/g) and 238U (1.2 pCi/g) were detected at 
levels slightly above background levels (1.45 and 1.17 pCi/g, respectively)~ The radionuclides 241 Am, 
237Np, and 239pU also were detected in RGAand McNairy soil samples. (No subsurface soil background 

• 

levels are available at the PGDP for these radionuclides.) TCE was not detected in the McNairy soil • 
samples, but was detected at a maximum concentration of 0.0034J mg/kg in one upper RGA soil sample 
[ 15.2 to 16.8 m (50 ,to 55ft) bgs] from soi I boring 2-9~ 

Nature and Extent of COIltam;IIation of VCRS - Groulldwater 

Numerous metals have been detected in VCRS groundwater samples from the SWMU 2 area at 
concentrations above groundwater (RGA) background levels. These metals, and the maximum detected 
concentrations at the unit, include barium (1,200 j,lg/L), beryllium (78 j,lgIL); chromium (279 j,lgIL), !lead 
(113J j,lg/L), manganese (37,000 j,lg/L), nickel (239 j,lg/L), silver (46.9j,lg/L), and vanadium (4,100 j,lg/L). 
During the Phase nSI, lead (up to 17.8J j,lglL) and cadmium (6.8j,lg/L). were detected at levels above the 
maximum contaminant level (MCL) in the VCRS. Groundwater sampling indicates that the principal 
radiological contaminants present in the UCRS at SWMU 2 are 99Tc and uranium. Technetium-99 was 
detected at ilevels ranging from < 25 to 11,000J pCilL, with the highest values reported for the Phase II 
replacement MW 154, which was screened in HU 2A. Uranium 'has been detected at varying levels in 
UCRS wells; the maximum values (in the dissolved fraction) detected in MW58 were 360 pC ill 234U, 63 
pC ill 235U, and 2,700 pCiIL 238U. During the RAIRD field investigation, the maximum levels detected 
were 11 pCi/L 23'1J, 0.54.pCi/L 235U, 1.1 pCi/L 235123CV, and 55.8 pCi/L 238U. Low levels of other radionuclides, 
including 1~, 141Am, 137Np, and 23~, also were detected at SWMU 2 in these VCRS groundwater samples. 
Sampling of filtered groundwater was conducted in May 1998 to determine whether there is an appreciable 
amount of dissolved uranium present in the shallow groundwater beneath SWMU 2. The results of this 
sampling effort (ranging from nondetect to a maximum of 0.06 mg/L uranium) indicate that dissolved 
uranium is present in the UCRS groundwater at SWMU 2 but not at significant concentrations. The 
principal organic contaminant detected in the UCRS groundwater at SWMU 2 is TCE. TCE was detected in 
the upper UCRS gravel unit (HU 2A) in MWl'54 at concentrations up to 3,300 j,lg/L prior to the RAIRD 
field investigation. The highest concentration of TeE detected during the RA/RO field investigation was 
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39 J,1g!h, detected at location 2-3 in HU 2A. The 'FCE degradation products cis-l ,2-DCEand vinyl chloride 
have also been detected in the VCRS, at maximum concentrations of 280J,1g/L and 5 J,1g/L, respectively. 

Nature and Extent of Contamination of the RGA' 

Abundant groundwater data have been collected: since 1979 in the vicinity of the burial grounds. For 
the recent investigation, groundwater samples were collected from four RGA monitoring wells (MWs 
333, 337,.338, and 67) and from seven borings (2-3, 2-5, 2-9~ 2-10, 2-13, 2-16, and 2-17) at SWMU 2. 
Numerous metals (including arsenic, barium, beryllium, chromium, manganese, nickel, silver, thallium, 
and vanadium) and radionuclides (including 234U, 235U, and 238U) have been detected above background 
levels in these RGA groundwater samples. The highest uranium activities were detected in samples from 
perimeter borehole groundwater samples. Lower uranium activities were detected in the groundwater 
monitoring wells located at the unit. For example, ,the ihighest 238U activity (9 111.7 pCilL) detected in RGA 
groundwater was for a sample collected from perimeter boring location 2-16. The maximum 23gU activity 
detected in the RGA monitoring well completed at this same location (MW337) was 0.27 pCiIL. The RGA 
groundwater data indicates that the higher concentrations present in the perimeter boreholes are related to 
the higher suspended solids content in these samples (DOE 1 997a). Other radionuclides detected in the 
RGA groundwater at the unit include 241Am (1.39 pCilL), 237Np (0.60 pCiIL), 239pU (4.29 pCilL), 234Pa 
(22.0 pCilL), 991'c (77 pCiIL), and 23~ (1.05 pCilL). In general, there are lower levels of 238U and 99Tc 
contamination in the RGA than in the VCRS in the vicinity of SWMU 2. 

The organic compounds TCE (5,350 J,1g/L), cis-l,2-DCE (750 J,1g/L), and vinyl chloride (l.40 J,1g/L) have 
been detected in the RGA. The highest TCE concentrations were detected in the upper RGA at sampling 
locations along the western side of SWMU 2. The results of the field gas chromatograph at SWMU 2 
also indicated high levels of 1,I-DCE were present in the RGA groundwater. However I,I-DCE was not 
detected in any of the samples sent to the fixed-base laboratory. Additional water samples were collected 
and analyzed at the fixed..;base 'laboratory and these ,results ~non-detect} ·confirmed' that the field detects of 
I,I-DCE were false positives. A more detailed explanation of these results can be found in the Data 
Summary and Interpretation Report for Interim Remedial Design at Solid Waste Management Unit 2 of 
Waste Area Grouping 22 at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE '1997b). 

Nature alld Extellt of Contamillatioll of McNairy Formatioll 

Radionuclides e34U, 235U, and 238U) and metals (beryllium, manganese, and vanadium) have been 
detected at levels above background in the McNairy groundwater samples collected during the RAIRD 
field investigation. The maximum detected activity of 238U in the McNairy was 19.6 pCi/L, which was 
detected in groundwater samples from a depth of 26.5 m (87 ft) bgs in soil boring 2-1'7, located in the 
northern portion of the burial ground. Additional radionuclides detected in the McNairy include 241 Am, 
237Np, 239pu, 99Tc,and no.rh. The organic compounds 'FCE, cis-l,2..;DCE, and tralls-1,2-DCE were detected 
at maximum concentrations of 55 J,1g/L, 100 J,1g!L, and 100 J,1g/L, respectively, in the McNairy groundwater at 
the unit. The field gas chromatograph results for 1, I-DCE indicate high levels ofthis organic are present 
in the McNairy, but, as with.the RGA samples, these results are considered false detections ~DOE J!997a). 

Contaminallt Fate and Trallsport - Metals 

Based on the criteria used to identify COCs, metals detected in any media include arsenic, barium, 
beryllium, chromium, manganese, nickel, thallium, uranium, and vanadium. Due to the highly variable 
nature ofthe lithology within SWMU 2, Table 3.41 lists Kd values for clay and sand. The corresponding 
retardation factor (RI) values (dimensionless numbers ,that quantify the rate of movement of a/particular 
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solute relative to the average pore water velocity) indicate a high tendency for these metals to stay bound in • 
the soil and a low tendency to migrate. All of the RI values for these metals are on the order of350 or higher. 

Table 3.41. Partition coefficients and retardation factors for metals at SWMl!J 28 

~(clay) ~(sand) R.J (clay) R.J (sand) 
Chemicals (Llkg) (Ukg) (unitless) (unit less) 

Arsenic 2.0E+02 2.0E+02 1.2E+03 2.1E+03 
Barium 6.0E+Ol 6.0E+Ol 3.72E+02 6.4E+02 
Beryllium 1.3E+03 2.5E+02 2.7E+03 8.1E+03 
Chromium 1.5E+03 7.0E+Ol 9.3E+03 7.4£+02 
Manganese 1.8E+02 5;OE+Ol 1.1E+03 5.3E+02 
Nickel 6.5E+02 4.0E+02 4.0E+03 4.2E+03 
Thallium 1.5E+03 1.5E+03 9.3E+03 1.6E+04 
Uranium, total 1.6E+03 3.5E+OI 9.9E+03 3.7E+02 
Vanadium 1.0E+03 1.0E+03 6.2E+03 1.1E+04 
• All values are from the 1995 D2 FS report (DOE 1995c) 

Contaminant Fate. and Transport - Organic Compounds 

Organic compounds included in the list ofCOCsare Aroclor-1248, Aroclor-1260, benzo(a)pyrene, vinyl 
chloride, and TCE. These contaminants have ~ values andRi values that are less than those for the metals. 

TeE, vinyl chloride, and PCBs also have the potential to be transported in the form of a DNAPL. 
Groundwater detections do not indicate that presently there is TCE, vinyl chloride, or PCBs in the form 
of a DNAPL neaf SWMU 2; however, a DNAPL is a potential future scenario as existing drums within .• 
the waste continue to degrade and theif contents migrate into the soil. DNAPL transport behavior is . 
highly dependent upon lithology and stratigraphic dip. Given the heterogeneous nature of the UCRS, this 
makes it extremely difficult to determine the rate of potential DNAPL migration. In general, DNAPLs 
will be less able to migrate through clay membefs such as the ones separating the water-bearing units 
within the UCRS and the one separating the UCRS from the RGA. 

There is sufficient process knowledge from past plant productions about waste disposal to indicate 
that uranium shavings may have been immersed in PCB oils to. prevent rapid oxidation of the uranium 
and were disposed of in SWMU 2. PCBs have very low water solubilities ~from 0.0027 mg/L fOf 
Aroclor-1260 to 15.0 mg/L for Aroclor-122'1) and vapor pressures [from 0.000096 mm mercury for 
Aroclor-1254 to 0.0067 mm mercury for Aroclor-1221], which indicates that they do not dissolve readily in 
water or vaporize easily. In addition, high-partition coefficients 1(5.3 x )02 for sand, 5.3 x li03 for clay) for 
PCBs indicate an affinity both to sand and clay materials (ORNL 1994). 

Naturally occurring soil acidity, ranging from a pH of 4.5 to 5.5 in the vicinity of the PGDP, 
potentially could affect the mobility of PCBs in soils, which results in an increased solubility for the 
organic fraction of soils. This increased solubility results in an increased mobility of the organics and 
also the PCBs, which are adsorbed to organics. Since PCBs are limited to the surface soil of SWMU 2 
(excluding the waste pit where naturally occurring soil acidity should have no effect), it is likely that the 
pH of the soils has not increased mobility. Therefore, PCBs are anticipated to be stationary in all but 
surface soils, where they may be transported via surface-water runoff. Due to the relatively flat topography 
at SWMU 2 and the vegetation at the unit, the MUSLE modeling performed within the Feasibility Study 
for Final Action at Solid Waste Management Unit 2 oj Waste Area Group 22 (DOE 1998d) to predict .• 
sediment loading to the surrounding ditches indicates PCB migration to the surrounding ditches is minimal. 

00-00 I (doc )/08240 I 3-130 



• 

• 

The PAIls have low volatility, low mobility from sediments to .groundwater, and sorb to sediments 
[partition coefficients for benzo(a)pyrene range from 5,500 in sand to 55,000 in clay]. Consequently, the 
potential for migration is not considered a concern. 

Contaminant Fate and. Transport - Radionuclides 

Radionuclides included in the list of COCs that are attributed to SWMU 2 are 239pu, 234U, 235U, and 
238U. The Kd values for these radionuclides indicate in most forms there is an affinity for soils. Therefore, 
migration is not considered a concern. 

Appendix A of ,the Feasibility Study for Solid Waste Management Units 2 and 3 of Waste Area 
Group 22 at the Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE 1995c) includes the results 
from DOE's RESRAD computer modeling that were used to estimate the rate of uranium migration from 
the SWMU to the integrator unit RGA. The model estimates that migration to the RGA is in the order of 
several thousands of years. Additionally, the RESRAD modeling performed in the data summary Teport 
indicated that the maximum contributed dose from all radionuclides to a potential! groundwater user 
consuming water directly :below SWMU 2 would never exceed their MCL(an effective dose equivalent 
of 4 mremlyear). This modeling assumed the most mobile forms of these radionuclides under ,the 
conditions present at SWMU 2. 

Summary of Previous Remedial ActiollS 

Corrective actions taken at SWMU 2 include the installation of a clay cap in 1982. Other actions 
taken within ,the unit include the August 11984 attempt to remove quantities of TCE from Pit 9 of the 
burial; ground. Thirty-six 208-liter (55-gal l) drums and four 114-liter (30-gal) drums were found. The 
liquid ponion of the solutions found in the 11'4-liter (30-gal) drums was transferred to new drums and the 
114-liter (30-gal) and 208-liter (55-gal) drums containing TCE were placed in overpacks. The excavated 
solids, drums, and surrounding soils were reburied, and the area was recapped with 15.2 cm (6 in.) of 
clay and 45.6 cm (18 in. )of soil. 

ill 1995, a ROD for interim remedial action at SWMUs 2 and 3 was completed that called for 
institutional controls, groundwater monitoring, and potential placement of a cap over SWMU 2. 
Following an additional investigation of SWMU 2 in 1996, the DOE determined that placement of a cap 
on SWMU 2 would not prove effective ~DOE 1997a). 

3.2.6.2 C-404 Low-Level RadioactivelHazardous Waste Burial Groun~WMU 3 

Location 

The C-404 Low-Level RadioactivelHazardous Waste Burial Ground (SWMU 3) is located immediately 
east of the C-749 Uranium Burial Ground in the west-central area of the plant (see Fig. 3.30~. The burial 
ground is approximately 42.7 by It5.8 m(l40by 380 ft) and a surface area of approximately 4,942.3 m2 

(53,200 ft2). 

Setting 

The following subheadings provide information on the setting of SWMU 3, including geology/ 
hydrogeology, surface features and sur:face-water hydrology, transportation, floodplains, wetlands, soils and 
prime farmland, biological resources, and cultural resources. Additionally, a discussion of underground 
utilities located in the vicinity of the landfill has been included. 
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Geology/Hydrogeology 

Approximately 30 grOlmdwater monitoring wells have been installed in the area immediately slDTounding 
SWMUs 2 and 3. The groundwater monitoring well locations are shown in Fig. 3.34. Water level data is 
presented in Technical Memorandum No.1, Appendix 3A, of the Phase n Site Investigation Report 
(CH2M Hll..l 1992) and in the RCRA Part B Permit Modification for the C-404 Landfill (MMES 1992a). 

SWMU 3 is located immediately east of SWMU 2 (i.e., the western edge of the C-404 Low-Level 
RadioactivelHazardous Waste Burial Ground adjoins the eastern edge of the C-749 Uranium Burial 
Ground). A cross section illustrating the stratigraphy of the shallow unconsolidated deposits underlying 
these units is presented in Fig. 3.31. Please refer to the previous discussion of geologylhydrology at 
SWMV 2 for additional information. 

Surface features and surface-water bydrology. The sutface of SWMV 3 is mounded, with surface 
elevations ranging from 112.8 to 119.8 m (370 to 393 ft) amsl. Surface runoff from this unit flows into 
drainage ditches located immediately north, east, and south of the SWMU. The ditches are approximately 
0.6 to 1.8 m(2 to 6 ft) deep and discharge through KPDES Outfall 015 to Bayou Creek, which is located 
approximately 537 m (l, 760 ft) west of SWMU 3. These ditches are hydraulically connected to the 
VCRS. The surface of SWMU 2 and the surrounding ditches are grass-covered. 

Transportation. Transportation in the vicinity of SWMU 3 consists of PGDP personnel performing 
day-to-day activities and is confined to paved or gravel roads. 

Wetlands. No wetlands have been identified at SWMU 2, but potential wetlands have been identified 

• 

in the adjacent drainage ditches, which are outside the boundaries of the unit (CDM Federal 1'994). Final • 
wetland determination for these areas was not possible during the 1994 COE wetlands study due, to 
health and safety restrictions denying access to any ditches located on the PGOP. However, the COE made the 
determination that the areas identified as potential wetlands are jurisdictional wetlands. The drainage 
area consists of a depression adjacent to Virginia Avenue and a side road, south and east of SWMUs 2 and 
3 approximately 3 m (110 ft) wide and 274 m (900 ft) long. Elevation ranges from approximately 114.3 m 
(375 ft) amsl at Virginia Avenue to 112.8 m (370 ft) amsl in the bottom of the drainage area. Water levels 
in the drainage area can range from nearly 1.5 m (5 ft) to bgs. Hydrologic connection to other drainage areas 
is maintained with a culvert system. Water enters this area from the east through culverts and exits the area 
to the west as overland flow. Overall, hydrologic functions and values (e,g., groundwater recharge 
through production export) are rated low to moderate. The presence of an outlet, the relatively small size of 
the wetland, and the lack of open water limits the hydrologic functions and values. Biological functions and 
values (e.g., wildlife diversity/abundance through aquatic diversity/abundance) also are rated low to moderate. 

Floodplains. No 100-year floodplains are adjacent to SWMV 3. 

Biological resources. The vegetation at SWMU 3 consists of various grasses intended to prevent 
erosion of the RCRA cap. Vegetation present within the depression adjacent to Virginia Anvenue 
consists of rush (Juncus sp.), flat sedge (Cyperus sp.), spikerush (Eleocharis sp.), sedges (Carex sp.), and 
various grasses (COM Federal 1994). 

Since SWMV 3 is within the security area and is regularly mowed, it provides limited habitat for 
wildlife. No endangered or threatened' species are known to be present at SWMU 3 (CDM Federal iI1994). 

Cultural resources. All of the areas included within SWMV 3 has been disturbed previously and, • 
consequently, are not likely to contain any sites of archaeological significance. 
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Underground utilities. No underground utilities currently are located at SWMU 3 . Prior to 1957, the 
C-401 Transfer Line conveyed liquid wastes from the C-400 and i C403 facilities to the C-404 disposal • 
facility. A leachate collection sump, which is incorporated into the RCRA cap, is located at the southern 
edge of the cap, north of the ditch that is adjacent to Virginia Avenue. 

ManufacturingnSD Processes 

The C-404 Low-Level RadioactivelHazardous Waste Burial Ground was originally constructed in 
the early 1950s as an above-ground holding pond [with an on-grade tamped earth floor and 1.8-m (6-ft) high 
clay dike walls] for use asa neutralization/sedimentation treatment facility for uranium-contaminated 
wastewater. From 195·1 to 1'957, C-404 was a primarydisposali area for 99Tc and uranium-contaminated 
effluent generated at the C-400 Decontamination Building. The C-400 effluents were pumped through an 
underground vitrifIed clay pipe (SWMU 26) to the eastern end of the holding pond. Water was decanted 
through a weir at the southwest comer of the pond and discharged to Big Bayou Creek. An estimated 
3,200 pCi of 99Tc from the Reactor Tails Program were dischargedl at a controlled rate to surface water, 
primarily tlu:ough effluents flowing from the C-400 Building through the C-404 Holding Facility (MMES 
1986). Because 99Tc is mobile in an aqueous environment, some fraction of the 99Tc probably passed 
through the C-404 Holding Pond and discharged to Big Bayou Creek. In 1957, use of the C-404 as a 
treatment facility for these liquids was terminated and all free liquids were removed. 

From 1957 through 1976, the C-404 Burial Ground was used for bulk disposal of uranium-contaminated 
solid waste. Uranium-contaminated magnesium-fluoride slag from the metal reduction plant and rejected UF4 

constituted much of the disposal volume. Magnesium fluoride traps contaminated with 99Tc also were 
disposed of inC-404. The net weight of uranium corrimitted to the area from 1957 through 1977 is reported 
to be approximately 2.9 x 106 kg (3,200 tons). Until it was filled and covered in 1987, the C-404 Facility • 
was subject to filling with rainwater, which was pumped and released to the NSDD. After the facility was 
filled with bulk solid waste to within 0.3 to 0.6 m (lor 2ft) of the top of the original dikes, it was 
covered with compacted earth and sloped to facilitate runoff. The weir at the southwest comer of the unit 
was converted to an enclosed concrete basin for use as a leachate collection sump. Leachate accumulations 
in this sump are routinely sampled and' analyzed and then treated at the C-400 Building before discharge. 

From 1977 to 1986, the upper portion of the C-404 Facility was used for the disposal of bulk and 
containerized uranium-contaminated solid waste. RCRA hazardous waste has reportedly been disposed 
of in the upper 3 m (10ft) of the C-404 Burial Ground. The waste consists of approximately 450 drums 
of .precipitation .filter cake (gold dissolver precipitate) that was reported to be Extraction Procedure toxic 
due to the presence of leachable quantities of lead, cadmium, and selenium. In 1983, a partial clay cap was 
installed on the eastern end of the unit. After a portion of the waste buried in C-404 was discovered to be 
RCRA hazardous in 1986, C-404 was closed as a hazardous. waste landfIll. It was covered with a RCRA 
multilayered clay cap in 1987. Table 3.42 presents a list of the waste constituents in the C-404 Facility. 

Summary of Illvestigatiolls 

The SWMU 2 and adjacent SWMU 3 areas are among the most fully characterized sites, 
hydrogeologically, at the PGDP. The principal investigations addressing potential contamination in the 
area are the Phase I and Phase II SIs conducted in response to the ACO (CH2M HILL 1991 and 1992) 
and the recent investigation ~referred to here as the RNRD field investigation) conducted to support the 
interim remedial action design (IDOE 1997b). In addition, during the 12-year period beginning in 1979, 
severa), companies, including GeoTek (1'980), D' Appalonia (1983), EDGe (1989:), and Terran (1990), 
conducted site characterization activities in the vicinity of SWMUs 2 and 3. Please refer ,to the previous 
Summary of Investigations discussion for SWMU 2 for additional information. 
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Waste 
Gold Dissolver Precipitatea,b 

Calcium Carbonate Trap Materiala 

Furnace Liners8 

Decontamination Precipitatea 

Alumina Trap Mix· 
Smelter Dust· 

Sodium Fluoride Trap Material" 

Magnesium Fluoride SlagC 

Calcium ·Fluoride SlagC 

Uranium MetalC 

Uranium Oxidesc 

Concretec,d 
Uranium tetrafluoridec 

Roofmg Materialsc,d 
Cleanup Debrisc,d 
Radioactive Sourcesc 

SOllrce: MMES 1992a 

Table 3.42. C-404' Waste Constituents 

Cadmium 
Calcium 
Copper 
lead 
Magnesium 
Nickel 
Calcium 
Magnesium 
Aluminum 
Calcium 
Iron 
Calcium 
Copper 
Magnesium 
Nickel 
Aluminum 
Aluminum 
Nickel 
Sodium 
Fluoride 
Magnesium 
,Fluoride 
Calcium 
Fluoride 
Uranium 
Uranium 
Uranium 
Uranium 
Uranium 
Uranium 
Cobalt 

a Data based on spectrochemical and' Extraction Procedure toxicity ,test data, 
b Hazardous waste. 

Constituents 
Potassium 
Selenium 
Sodium 
Uranium 
Zinc 

Uranium 

Magnesium 
Uranium 

Sodium 
Uranium 
Zinc 

Uranium 
Sodium 
Uranium 
Uranium 

Uranium 

Uranium 

Fluoride 

Fluoride 

Cesium 

C No analytical:data available, Major constituents:listed:basedon knowledge of type of waste. 
d Possible source of organic constituents, most likely petroleum-based products. 

Conceptual Site Model 

The source area is identified as the area of direct· waste deposition. The sources of contamination 
that make up the source area at SWMU 2 include the buried waste materials and impacted near-surface 
soil (i.e., near-surface soil contamination is probably from the buried waste as no contaminated soils have 
been deposited at SWMU 2). 'File sources consist of low-level radioactive waste, primarily uranium and 
uranium-contaminated materials, organic constituents (primarily TCE and PCBs), and metals. Although 
releases of contaminants are mitigated/reduced by the ReRA cap, potential migration pathways include 
waste to groundwater, waste to the surrounding soils and air, and surface soilli to surface water and 
sediments. From the waste source, potential release mechanisms include leaching into the groundwater. 
For surface soil, :the potential release mechanisms include erosion and surface mnoff. Direct contact with 
contaminants may occur as a result of physical intrusion or excavation. Potential migration pathways for 
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contaminants through the air may occur in the form of airborne particulates, radionuclides, and vapor • 
phase organics compounds. Additional release mechanisms may be caused by physical disruption as a 
reswt of excavation into the waste. Once in the environment, contaminants may be transferred between media 
and transported away from the SWMU through integrator units (i.e., surface water and groundwater). 

As previously noted, .SWMU 3 is located immediately east of SWMU 2. Please refer to the previous 
discussion of geology/hydrology and the conceptual site model at SWMU 2 for additional information 
regarding the .geologyand potential transport mechanisms at SWMUs 2 and 3. 

Nature and Extent of Contamination 

Please refer to the previous discussion titled "Manufacturing/TSD Processes" for a complete 
description of the wastes buried at SWMU 3. The waste materials within SWMU 3 are considered potential 
sources of contamination in the subsurface soils and the UCRS. The buried waste materials contain 
radionuclides, VOCs, SVOCs, metals, and possibly oils containing PCBs. 

Colltaminant Fate and Transport 

Please refer to the previous discussion of contaminant fate and transport for SWMU 2 for a 
description of fate and transport processes in the area near SWMU s 2 and 3. 

Summary of Previous Remedial Actiolls 

TheC-404 Burial Ground (SWMU 3) was certified closed with a RCRA multilayered cap in 1987. It 
is regulated under RCRA as a land disposal unit and is required to comply with a RCRA post-closure 
permit. A revised Part B post-closure permit application and a groundwater monitoring plan for SWMU 3 
were approved by the Commonwealth of Kentucky September 30, 1992 and became effective October 30, 
1'992. The approved application amended the RCRA permit and contains groundwater monitoring 
provisions requiring the PGDP to initiate detection monitoring for SWMU 3 (MMES 1992a). The detection 
monitoring requirements of the post-closure permit include semi-annual groundwater sampling of the 
uppermost aquifer,the RGA,downgradient of the unit for the following parameters: arsenic, cadmium, 
chromium, lead, selenium, and TCE. Two additional parameters, uranium and 99Tc, also are monitored by 
the PGDP under the DOE Order. The list of required monitoring parameters are currently the subject of 
litigation between the KDEP and the DOE and may be amended in the future. Detection monitoring at 
the landfill will continue unless it is determined in the future that a statistically significant contaminant 
release to the uppermost aquifer has occurred. The most recent semiannual report, dated November 1999, 
did not indicate significant increases in the downgradient wells for the July 1999 sampling event. Post
Closure care will terminate 30 years after certified closure of the landfill, on July 28,2017. Because SWMU 
3 is closed with a RCRA cap and is being addressed by the post-closure permit requirements, additional 
remedial actions for this unit will not be evaluated in this document. Further actions at SWMU 3 may be 
considered after it has undergone RCRA post-closure assessment. 

In 1995, a ROD for interim remedial action at SWMUs 2 and' 3 was completed that called for no 
further action at SWMU 3 (DOE 1995d). 

3.2.6.3 C-744-A Burial Ground-SWMU 7 

Locatio" 

The C-747-A area is located in the extreme northwest corner of the plant. SWMU 7 comprises the • 
eastern two-thirds of C-747-A. The SWMU is bounded on the north and south sides by perimeter ditches, 
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on the west side by the C-747-A Burn Area (SWMV 30), and on the east side by the C-746-E 
Contaminated Scrap Yard. A stockpile of radiologically contaminated scrap metal, locally known as Drum 
Mountain, is located over the southeast comer (overlying one of the burial pits). SWMU 7 covers 
approximately 22,380 m2 (240,900 ft?) and includes five discrete burial pit areas. 

Setting 

The following subheadings provide information on the setting of SWMV 7, including geology/ 
hydrogeology, surface features and surface-water hydrology, transportation,floodplains, wetlands, soils and 
prime farmland, biological resources, and cultural resources. Additionally, a discussion of underground 
utilities located in the vicinity ofthe landfill has been included. 

Geology/Hydrogeology 

Combined ,thickness of loess and upper continental deposits at SWMV 7 is approximately 118.3 m 
(60 ft). The vertical sequence of these materials, beginning at ground surface, consists of an upper 6.1 m 
(20 ft) of silt or clay overlying a horizon of sand, clay and gravel, 1.5 to 3.0 m (5 to 10 ft) thick. The 
underlying6.I - to 9.1-m ~20- to 30-ft) soil unit characteristically is silt or clay at the PGDP. However, silty 
sand facies comprise the majority of the unit at some locations in SWMV 7. A distinct sand with day facies, 
up to 3.0 m(10 ft)thick, may be present at the base of the upper continental deposits. In the SWMU 7 area, 
the lower continental deposits is a unit of gravel with sand, 7.6 to 12.2 m (25 to 40 ft) thick. The top of the 
underlying McNairy Formation is a sand with gravel horizon, 3.0 to 6.1 m (110 to 20 ft) thick. Figure 3.35 
is a cross section of the SWMU s 7 and 30 area, showing the lateral' and vertical changes in geology. 

Large vertical hydraulic gradients cause groundwater flow to be downward within the VCRS. Hydraulic 
conductivity of the VCRS varies between horizons and between facies within horizons. IPermeameter 
tests of soils from each horizon of the upper continental deposits atSWMUs 7 and 30 measured hydraulic 
conductivities ranging from 3.4 x 10-8 to 7.1 x 1'0-7 em/sec (9.6 x 10-5 to 2;0 x 10-3 ft/d). These values are 
among the lowest measurements of hydraulic conductivity attributed to the VCRS. Hydraulic conductivity 
measurements by slug tests and permeameter tests from across the PGDP site indicate the average horizontal 
hydraulic conductivity of the VCRS sands and gravels is approximately 1 x 10-4 cm/sec (3 x 10-1 ft/d). 
The bulk vertical hydraulic conductivity of the VCRS is approximately 1 x 1O-6 cm/sec (2.8 x 110-3 ftld). 
These values are expected to be representative of the· C-74 7 -A area. 

Groundwater in the RGA tends to flow northwest beneath SWMV 7, as evidenced by the trend of 
the Northwest Plume. The .operation of the south well field ·of the Northwest Plume IInterim Remedial 
Action facility has afforded a test of the hydraulic conductivity of the RGA in the vicinity of SWMVs 7 
and 30. Analysis ofdrawd()wn related to the start of pumping indicates the bulk hydraulic conductivity of 
the RGA is approximately 4.1 x 10-1 cm/sec (1, 175 ftld~ (DOE 1!996b). 

MWs 1:86 and 187 provide historical and continuing VCRS water level measurements for SWMU 7 
(Table 3.43~. In addition, the SWMU 7 RI installed four temporary piezometers in the VCRS', identified' 
as GWS-l, GWS-2, WLM-2, and WLM-5. Water level measurements of the RI indicate that a shallow water 
table exists across the site, generally at depths of 1.5 to 1.8 m (5 t06ft) bgs. ~hus, the water table ilikely 
forms a broad mound' under the middle of SWMU 7, at an elevation of 112.2 m (368 ft)amsl, which 
slopes to the ditches on the north and south sides. 'fhe ditches on the north and south sides of the SWMU 
are 1.2 to 'l.8 m (4 to 6 ft) lower than the crest of the water table. Water level measurements during the 
R:1 indicate that a water table rise of at least 03 m (1 ft) occurs between dry and wet seasons . 
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Table 3.43. Groundwater levels near SWMU 7 

Monitoring well AKGW A number" 
MWI'85 8000-5174 

MWl r86 8000c5175 

a AKGWA = Assembled Kentucky Ground Water Database 

Zone 
RGA 

VCRS 

Depth to water 
(bgs) 

11.2 to 14.7 m 
(36.8 to 48.3 ft) 

2.0 to 3.5 m 
(6.6 to 1 Ji.5 ft) 

Screened interval 
(bgs) 

20.7 to 22.3 m 
(68 to 73 ft) 
5.5 to 7.0 m 
(18t023ft) 

RGA monitoring points at SWMU 7 include MWs Ir 85, 339, and 340, which were constructed as 
part of the RI. The water lie vel record for MW 185 exhibits an annual cycle of rise and fall, typically 
spanning 1.5 to 1.8 m (5 to·6 ft). From 19911 through 1995, the RGA water levels ranged 'between 99.1 
and 102.4 In (325 and 336 ft). amsL Lateral hydraulic gradients predominate in the RGA. The slope of the 
lateral hydraulic gradient in the RGA beneathSWMU 7 is to the northwest. 

Su.:face features and surface-water hyd.:ology. Henry silt loam is the predominant .soil type at 
SWMU 7. The Henry soil series contains poorly drained, acidic soils that have a fragipan (USDA 1976). This 
type of soil usually is formed in loess or alluvium. This fragipan layer is likely to remain intact, exclusive 
of the immediate burial pit area. Henry soils typically have moderate permeability above the fragipan and 
low-permeability within the fragipan. Permeability in the fragipan is less than 1.41 x 10-4 em/sec (0.4 ft/d) 
(USDA 1976). 

During the Phase II Investigation, double-ring infiltrometer tests were conducted on surface soils at 
SWMU 7. Average longctenn infiltration rates ranged from <2 x 1:0.6 to 2 x 10.3 em/sec «5.7 x 10,3 to 
5.7ft/d) (CH2M HILL 1992). Table 3.44 summarizes the double-ring infiltrometer tests results. 

Table 3.44. SWMU 7 double-ring infiltrometer tests 

Uouble-ring infiltrometer test 
DRI-IO 
DRI-II 
DRI-12 

Burial pit 
Near Pit B 

Near PitF-1 
NearlPit D 

Long-term inner ring infiltration rate 
2 X 10.3 ern/see 

< 2 x 1'0.6 ern/see 
3 x 10.6 ern/see 

The upper 6.1 m (20 £t) of soils at SWMU 7 consists of surface soil, fill, and loess, alternatively 
described as silt or clay in the area boreholes. Surface soils, to a depth of 15 em (6 in.), were sampled and 
described during the Phase II SI. Soil textures range from sand with gravel to lean clay with gravel. Logs 
of deeper soil borings demonstrate that coarse textures generally arelimited r to the upper 0.6 m (2 ft), with 
the exception ofthe burial pits that are now known to be as much as 3.0 m pO ft) deep. 

The surface water that drains fromSWMU 7 into the surrounding ditches is carried west through 
Outfall 001 and on into Bayou Creek. Upgradient sources of recharge to the ditches on the north and' 
south sides of SWMU 7 include the C-746-C Clean Scrap Yard and the C-746-E ContaminatedlScrap 
Yard. The·C-746..:P Scrap Metal Yard's, located south of the C-747-A area, contribute runoff to the ditch 
bordering C-747-A on the south side. 

Transportation. Transportation in the vicinity of SWMU 7 consists of PGDP personnel performing 
day-to-day activities and is confined to paved or gravel roads. 
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Wetlands. Jurisdictional wetlands identified in the vicinity of SWMU 7 are limited to the north 
perimeter drainage ditch ~Sadri 1995). 

Floodplains. No 100,.year floodplains are adjacent to SWMU 7. 

Soils and prime farmland. Historically, soils within the impacted area ofSWMU 7 are Henry silt ,loam. 
However, the soils associated with these areas have been disturbed by past activities and, consequently, 
are not classified as prime farmland. 

Biological resources. Vegetation inside the fence is mowed grass providing very little to no wildlife 
habitat. No potential habitats for federally listed T &E species are present within the fence (CDM Federal 
t:994). 

Cultural: 'resources. No properties inside the fence at the PGIDP currently are included on, or 
nominated for inclusion on, the NRHP. Additionally, the SHPO has concurred with the determination 
,that the subsurface area inside the fence previously has been disturbed and, consequently, is not hkely to 
contain any undisturbed sites of archaeological significance. 

llnderground utilities. There are no known underground utilities at SWMU 7. 

Manufactur;ngiTSD Processes 

The PGDP used the burial pits at SWMU 7 for disposal of wastes from 1957 to 1979. Table 3.45 
summarizes the areal extent and waste types in the burial pits at SWMU 7. Burial Pits B, C, and 6 were 
used for disposal of noncombustible, contaminated and uncontaminated trash, material, and equipment. 
Contaminated concrete removed from the C-410 Feed Plant during May and June 1960 was placed in 
Burial Pit D. The F Burial Pits were used for disposal of uranium -contaminated scrap metal and equipment. 

Burial pit 
Burial Pit B 

Burial Pit C 

Burial Pit D 
Burial Pit F 
Burial Pit G 

Table 3.45. SWMU 7 burial pits 

Areal extent 

892 m2 (9,600 ft2) 

195 m2 (2,100 ft2) 
five areas each 167 m2 (1,800 ft2) 
306m2 (3,300ft2) 

Waste types 
Noncombustible, contaminated and uncontaminated trash and 
equipment 
Noncombustible, contaminated and uncontaminated trash and 
equipment 
Contaminated concrete 
Uranium-contaminated scrap metal and equipment 
Noncombustible, contaminated and uncontaminated:trash and 
equipment 

A sixth burial' pit area associated with the burial ground, Pit E, is 'Iocated east of SWMU 7 in the 
C-746-E Contaminated Scrap Yard. Burial Pit E contains uranium-contaminated concrete, similar to 
Burial Pit D. Empty uranium andl magnesium powder drums also were reported to have been buried in the 
F Burial Pits (Union Carbide 11978). 

Records ,indicate the burial pits were excavated to a depth of 1.8 to. 2.1 m (6 to 7 ft) bgs, filled with 
wastes, and covered with approximately 1 m (3 ft) of earth. However, TP-3 ·of the Phase II SI uncovered 
waste to a depth of 3.0 m (lOft) on the west side of Burial Pit B, and boring WBP-08A sampled waste to 
a minimum depth of 2.4 m (8 ft) in Burial Pit C. 
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Summary of Investigations 

The main source of the information used in this summary report for SWMUs 7 and 30 is the 
Remedial Investigation Report for Solid Waste Management Units 7 and 30 of Waste Area Grouping 22 at 
the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1998c): Contributing sources include: 
reports of Phases I and IT of Results of the Site Investigation (CH2M HILL 1991 and 1992), Final Report 
011 Drive-Poillt Profiling of the Northwest Plume alld Analysis of Related Data (OOE 1995e), .and 
Northeast Plume Preliminary Characterization Summary Report (DOE 1995a). 

The DOE performed sampling activities in SWMUs 7 and 30 in June 1998 to characterize further 
the presence of soluble uranium and the geochemical parameters that govern the solubility of uranium. 
The sample analyses reveal that low levels of soluble uranium are present in the waste pits. The dissolved 
uranium, at these low levels, will not exceed an unacceptable level at the point of exposure. Moreover, 
the geochemical setting will limit the additional formation of dissolved uranium. 

COllceptual Site Model 

The source area is identified as the area of direct waste deposition at SWMUs 7 and 30. The sources 
of contamination that make up the source area include the contaminated waste material buried in the pits 
and the contaminated surface soil at the units. Organic chemical and radionuclide contamination of 
subsurface soils is considered to represent the probable conditions at SWMUs 7 and 30, since these 
chemicals have been detected in sampling analyses. Surface soil previously was not delineated as a 
source of contamination at SWMVs 7 and 30 in the BHHRA's conceptual site model. 

Once released into the environment. contaminants can be transferred between media and transported 
away from the SWMUs through integrator units (i.e., surface water and groundwater). The RI indicates 
that the buried waste in the pits may be saturated with groundwater (OOE 1998c), Potential migration 
pathways may exist from the waste to groundwater and to the surrounding subsurface soil as a result of 
the saturated conditions and from infiltration and percolation of precipitation. From the waste source, 
potential release mechanisms allowing contaminant migration include leaching and dissolution into the 
groundwater as a result of direct contact of water with the buried waste. Dissolved contaminants in the 
groundwater may be further transported with the groundwater flow. Vertical seepage of contaminants 
occurs within the VCRS and from the VCRS to the RGA as dissolved phases in percolating water or as 
density driven DNAPL (DOE 1998c). Vertical migration into the surrounding subsurface soil also may 
occur as the contaminants leach from the waste material. Less soluble contaminants may adsorb to 
subsurface soil and remain bound to the soil\. A horizontal flow component in the VCRS may exist from 
Pits A, B, and C toward the north and from F Pits toward the south. However, the horizontal flow 
component is minimal due to the type of soil that surrounds the waste pits. The soil around the waste pits 
is clay, which fosters vertical flow. 

Potential migration pathways may exist from the surface soil to surface water and sediment in the 
nearby drainage ditches. The potential release mechanisms from surface soil include dissolution by rainwater 
with surface-water runoff and concurrent erosion of particle-bound species. The SWMUs 7 and 30 contribute 
minimal sediment to the adjacent drainage systems, and it was concluded that contaminant loading from 
the SWMUs from overland transport should be minimal as long as a vegetative cover is maintained, (DOE 
1998c). Atmospheric releases by gaseous (VOC) emissions and airborne particulates are possible, although 
not expected to be significant, because VOCs were not found in surface soils and' thick vegetative cover 
likely would prevent particulate entrainment (DOE 1998c). Additional release mechanisms may be caused 
by physical disruption as a result of excavation into the waste. Any possible future excavation activities 
would, however. be conducted in accordance with the PGDP standard operating procedures and in 
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compliance with Occupational Safety and Health Administration (OSHA) worker protection requirements, 
which would limit contaminant release and the potential for exposure. 

Nature and Extent of Contamination 

The C-747-A Burial Ground covers approximately 22,380 m2 (240,900 ft2) inthe northwest comer 
of the fenced security area. SWMU 7 ,includes Burial Pits B, C~and D and five smaller burial: pits 
collectively referred to as Burial Pit F. A large stockpile of radiologically contaminated scrap metal, 
known-as Drum Mountain, covers the southeast comer of the former burial ground. The stockpile 
overlies Burial Pit G, which is reported to contain waste similar to that in Burial Pits Band C 
~noncombustible trash and equipment). Burial Pit G also is included inSWMU 7. 

The primary contaminant of surface soils within SWMU 7 is uranium, Total elemental uranium in 
surface soils ranges as high as 1,400 mg/kg near the northeast comer of the SWMU. In general', uranium 
activity in surface soils is 'highest on the eastern edge of SWMU 7 and' in a north-south oriented band in 
the western half of theSWMU. The level of contamination of surface soils beneath Drum Mountain has 
not been measured. A radiation walkover survey of SWMU 7, from the Phase II SI, revealed that 
radiological surface contamination exceeded three times the background gamma radiation level of a 
nearby reference .site over approximately two-thirds of the SWMU. 

The metals beryllium, chromium, copper, nickel, and zinc frequently are detected at concentrations 
slightly above background in sUJ;facesoils across SWMU 7. PCBs and P AHs likewise are detected at low 
concentrations in surface soils. PCB concentrations typically are below 0.1 ppm but increase to as much 
as 1.8 ppm on the west side of SWMU 7~ P AHs range between 0 and 24' ppm in the SWMU. vhe highest 
concentration sampled also is located in sample SS-O'I. 

Soil erosion from SWMU 7 appears to be contributing elevated concentrations of copper, nickel, 
and zinc to the south drainage ditch and uranium and low levels of metals contamination to sediments 
and surface water in the north drainage ditch. Scrap yards to the east of SWMU 7 are upgradient sources 
of the same contaminants to the north ditch. Upgradient sources account for a high uranium activity 
present in the south ditch. 

Subsurface soils, outside of Burial Pits Band C, do not appear to be contaminated. In Burial Pits B 
and C, soils contain high activities of uranium and 99Tc and concentrations of cadmium, chromium, 
copper,nickel, and zinc above background levels. Soil samples from Burial Pits D and F have little to no 
contamination. 

Metals and uranium contaminate water from Burial Pits B, C, and F. The water from Burial Pits B 
and C also is contaminated with BTEX compounds and fuel-related SVOCs, as well as with vinyl chloride. 
Water from Burial PitF contains :Iow levels of VOCs. In, contrast; the primary VCRS contaminants are TCE 
and its degradation products,essentially with no uranium. Groundwater from the RGA is contaminated 
with TCE, at high concentrations indicative of DNAPL occurrence. High dissolved TeE levels near the 
base of the RGA are attributable to PGDP's Northwest Plume, which ,is sourced from DNAPL at the 
C-400 Building, located upgradient of SWMU 7. The variability of TCE levels in samples from MW66 
suggests the possibility of aSWMU 7 DNAPL source for contamination in the upper RGA. This variability 
also may be due to the Nol71:hwest Plume. 
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Contaminant Fate and Transport - Metals 

Metals identified asCOCs in soil or sediment at SWMUs 7 and 30, include aluminum, antimony, 
arsenic, beryllium, cadmium, chromium, copper, iron, manganese, nickel, uranium; and vanadium. The 
Kd values for use in modeling constituent transport at SWMUs 7 and 30 were selected for loam soils. 
Values reported in the Rl ranged from 30 l/kg for chromium to 1,500 llkg for aluminum (DOE 1998c). 
The corresponding ~ values indicate a high tendency for these metals to stay bound in the soil and a low 
tendency to migrate. All of the ~ values for these metals are on the order of 100 or higher. 

Contamillallt FatealldTrallsport - Orgallic Compounds 

One VOC, vinyl! chloride, was included in the list of COCs. Because vinyl chloride is.a degradation 
product of TCE, TCE is included in the fate and transport analysis below. Semivolatile organic 
compounds are benzo( a )anthracene, benzo( a )pyrene, benzo( b)-fluoranthene, dibenzo( a.h~anthracene, and 
indeno( 1 ,2,3-cd)pyrene. The VOCs have Kd values and ~ values that areas much as two orders of 
magnitude less than for the metals. On the other hand, the SVOCs have Kd values and ~ values that are 
one to three orders of magnitude greater than for the metals. Thus the VOCs would tend to be much more 
mobile in the subsurface than would the metals. The SVOCs would be substantially less mobile than the 
metals. Because of their high volatility, the VOCs are not expected to be present in surface soils or 
sediments and would tend to volatilize readily if released to surface water. 

• 

TCE also has the potential to be transported in the form of a DNAPL. Groundwater detections 
generally indicate that TCE in the lower RGA originates upgradient of SWMUs 7 and 30, although these 
SWMVs do seem to contribute to the TCE plume in the upper RGA. Monitoring Well 66, located 
between Burial Pits Band C, is screened at the top of the RGA. At this well, detected concentrations of 
TCE have varied from a few hundred Jlg/L to a maximum level of 10,000 Jlg/L. A TCE concentration of • 
10,000 Jlg/L ,is approximately one percent of the solubility limit ofTCE and often is taken as an indicator 
of the presence of DNAPL. As noted in the R1 (DOE 1998c), the fluctuations observed in TCE 
concentrations in MW66 may represent a nearby DNAPL source producing dissolved TCE that is being 
flushed intermittently into the zone of influence of the well. 

DNAPl. transport behavior is highly dependent upon lithology and stratigraphic dip, as well as 
groundwater gradient. Given the heterogeneous nature of the subsurface materials beneath the site, this 
makes it extremely difficult to determine the rate of potential DNAPL migration. In general, DNAPLs 
will be less able to migrate through clay members such as the ones interfingered with the water bearing 
units within the VCRS and at the top of the RGA. Thus, the apparent DNAPL source affecting observed 
TCE concentrations atMW66 may be trapped in the less conductive lower VCRS rather than in the RGA. 

P AHs are neutral, nonpolar, hydrophobic organic molecules. These compounds have low volatility, 
low mobility from soils to groundwater, and sorb to soils and sediments [partition coefficients for 
Ibenzo(a)pyrene range from 5,500 in sandi to 55;000 in clay]. The PAHs are common components of 
various fuels, vehicle exhausts, asphalt, asphalt road products, coal tar, roofing compounds, and hydrocarbons. 

Biodegradation ofPAHs by microorganisms has been identified I~fluorantheneand benzo(a)pyrene] 
in soi'ls. In addition, some P AHs that are resistant to microbial degradation as the primary energy source 
are susceptible to cometabolism, particularly higher molecular weight P AHs. Cometabolism occurs when 
a P AH is degraded in the presence ofanother substrate that serves as the primary energy source. 
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Contaminant Fate and Transport - PCBs 

PCBs (Aroclor-1260) are included in the list of COCs and are considered likely to be present in the 
waste. PCBs have very low water solubilities and vapor pressures, which indicates ,that they do not dissolve 
readily in water or vaporize easily. Based on a Koc of 8.12 x 105 llkg, Kd values for site soils would be of 
the order of 2,000 llkg, indicating high sorption to subsurface materials. Associated R1, values indicate 
that the movement of PCBs is anywhere from three to four orders of magnitude slower than that of the 
average pore-water velocity. Thus, there is a very low potential for any PCBs that may exist within the 
waste to migrate from the SWMUs; however, they pose a future risk for direct exposure to soil. 

Naturally occurring soil acidity, ranging from a pH ·of 4.5 to 5.5 in the vicinity of the PGDP, 
potentially could affect the mobility of PCBs in soils. The acidity results in an increased solubility for the 
organic fraction of soils. This increased solubility results in an increased mobility of the organics and 
also the PCBs that are adsorbed to organics. Since PCBs are limited to the surface soils and sediments of 
SWMUs 7 and 30, it is likely that the pH of the soils has not increased mobility; however, PCBs may be 
transported via surface-water runoff. Contamination identified in sediments in the drainage ditch south of 
SWMU 30 indicates that this already may be occurring. 

Both aerobic and anaerobic microbial dechlorination of PCBs are known to occur. Conditions that 
dictate degradation are adsorption-desorption, oxygen availability, and the type of microbe present. Less 
chlorinated PCB congeners are degraded preferentially by aerobic microbes, while anaerobic microbes 
preferentially reduce highly chlorinated PCBs. Therefore, both aerobic and anaerobic degradation is 
necessary for complete PCB destruction. In addition, both aerobic and anaerobic degradation is preferential 
to chlorine substitution patterns, with ortho-substitutions less readily reduced (ORNL 1994). Analytical 
data collected at the PGDP indicate microbial degradation of PCBs is insignificant at the plant. 

Biota uptake PCBs by three primary mechanisms: (1) inhalation, (2) direct contact, and (3) ingestion 
of food. Studies indicate that bioaccumulation,especially in tissue and organs, appears to be higher for 
more highly chlorinated PCBs (ORNL 1994), Biomagnification of PCBs occurs as a series of 
bioaccumulation steps, as PCBs are transferred to the top of the food chain to predatOI:s (ORNL 1994). 

Contamil,ant Fate m,d Trallsport - Radiolluc/ides 

Radionuclides included in the list ofCOCsare 99Tc, 237Np, 239pU, 234U, 23SU, and 2380. Of these, 99Tc 
has the highest potential to migrate with groundwater flow due to its relatively low ~ and ~ values, 
followed by 237Np. Soil'-water partition coefficient values in Iloam soils (as assumed for the RI modeling) 
are of the order of 0.1 l/kg for 99Tc, 25 llkg for 237Np, 250 ,llkg for the uranium isotopes, and 1,200 llkg 
for 239PU. Thus, 99Tc is the most likely oftheCOC radionuclidesto migrate from the SWMUs off-site. 

All of these radionuclides, except 99Tc and perhaps 237Np, are 'likely to migrate from the SWMUs 
,extremely slowly. Contaminant transport modeling reported in the RI ~DOE 1998c) indicated that only 
99Tc potentially would migrate to the RGA exposure point at levels in excess of MCLs or risk-based 
concentrations (RBCs). the half-lives for the other radionuclides indicate that they are likely to remain in 
the soil for long periods of time, making any contaminated on-site soil a potential risk for direct exposure 
in the future. Table 3.46 lists the half-lives for these radionuclides. 

The most commonly reported Kd values for 99Tc are between 0.001 and 2 mg/L, indicating that it is 
mobile in soils (CH2M HILL 1992). Technetium-99 has a half-life of 214,000 years (Greenwood and 
Earnshaw 1984). Technetium-99 occurs in well-aerated soi,ls in its most oxidized state, the pertechnate 
anion (CH2M HILL 11991}). l'he pertechnate anion is highly soluble and generally wiN not be sorbed in 
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Table 3.46. Half-life and radioactive decay constants for the 
radionuclides that are COCs for SWMUs 7 and 30 

Half-life Radioactive decay8 

COC (years) (day-I) 
991C 2:00E+05 9.50E-09 

237Np 2.lOE+06 9.00E-1O 
234U 2.50E+05 7.60E-09 
23SU 7.lOE+08 2.70E-12 
238U 4.50E+09 4.20E-13 

a Radioactive decay was calculated from the formula: 1= (Ln 2)/(tll2 * 365 days) where tl/2 is the half~life in years. 

significant quantities on soil and sediment of predominantly negative charge. As the oxide content of the 
soil increases, anion adsorption would increase, thereby resulting in decreased: mobility. Under reducing 
conditions, 99Tc can be cortvertedto the 99Tc +4 cation. Cations exhibit low mobility in clay and silty clay 
soil. As. the surface area and the clay content of the soil increase, the ability of the soil to retain cations 
will increase. In sandy, loamy, and sandy-loam soil, cations usually will be moderately to highly mobile. 
In soil with intermediate textures, cations can exhibit low, moderate, or high mobility. 

Uranium associated with the subsurface soils and groundwater of SWMUs 7 and· 30 derives from the 
burial of contaminated trash, debris, and equipment. Therefore, the emplaced uranium most likely was in 
the form of a diffuse powder. The high surface area of a powder would have fostered reaction with the 
burial ground environment. Dissolved oxygen in groundwater most likely has reacted with the uranium 
powder to form uranium (IV) oxide ~i.e., U02). Arty buried uranium metal also would have developed a 
U02 powder or crust. The U02 powder or crust is stable within the pH range of PGDP soils and 
groundwater, even under moderate oxidizing conditions (Langmuir 11997). 

Uranium becomes appreciably soluble only when the metal is oxidized to uranium (VI). Kinetics 
favor the formation of uranium (VI) in waters with greater redox potential or higher pH than typically 
occurs in shallow soils at the PGDP. However, once in the (VI) valence state, uranium will readily form a 
dissolved uranyl carbonate complex. 

This negatively charged .complex does not strongly .sorb to soil and is readily mobile. 

Common sulfate-reducing and iron-reducing bacteria are known to reduce enzymatically uranium 
(VI~ ,to uranium (IV) in .anoxic environments, resulting in precipitation of U02• It is likely that the 
frequent disposal of metal, wood, and oil in the burial pit wastes has helped stimulate the development of 
anoxic, reducing water. The decomposition of these materials would compete for available oxygen. Evidence 
of reducing bacteria in the SWMUs 7 andl30 burial pits includes the co-occurrence of high barium levels 
with low sulfate levels and! the presence of high iron and manganese concentrations in groundwater. The 
field measurements ofhigh dissolved oxygen content in groundwater likely reflect a bias introduced by 
thedriNing and sampling technique or poor calibration or malfunction of the field instrument. 

Based on the conditions at SWMUs 7 and 30, little .of the buried uranium is expected to have 
oxidized to the mobile uranium (VI) state. Finally, the modeling performed in the RI study supports these 
assumptions, as the modeling indicates uranium never will reach the DOE property boundary at 
unacceptable levels. 
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Summary of Previous RemedialActions 

No previous remedial actions Ihavebeen taken at SWMU 7. 

3.2.6.4 C-747-A Burn Area-SWMU 30 

Location 

The C-747-A Burn Area (SWMU 30) includes the western one-third ofC-747-A. It consists of a 
historical bum-and-burial pit (Burial Pit A) and the location of a fonner incinerator (refer to Fig. 3.30). The 
SWMU is bounded on the north and south sides by ditches, on the west side by Patrol Road, and on the east 
side by C-747-A Burial Ground (SWMU 7). The unit encompasses approximately 11,892 m2 (l28,000:ft2

). 

Seuing 

The following subheadings provide infornlation on the setting of SWMU 30, including geology/ 
hydrogeology, surface features and surface-water hydrology, ·transportation,floodplains, wetlands, soils and 
prime farmland, biological resources, and cultural resources. Additionally, a discussion of underground: 
utilities has been included. 

GeologylHydrogeology 

'The geologic and groundwater setting of SWMU 30 is similar to that of SWMhl 7. Approximately 
6.1 m (20 ft) of loess overlies a horizon of sand, clay, and gravel I.S to 3.0 m (S to 1'0 ft) thick. The 
underlying clay unit is 4.6 to 6.1 m (tS to 20 ft) thick in area boreholes. A silty sand horizon, 0.9 to 204 m 
(3 to 8 ft) thick, is present at the base of the upper continental, deposits. The lower continental deposits 
are a sandy gravel with a thickness of fOA m (34 ft) in nearby boring 08,.2. 

The VCRS, the uppermost HU, is found within the loess layer and the upper continental deposits. A 
continuous horizon ·of sand and gravel lenses occurs under iboth SWMUs 7 and 30 at an approximate 
depth of 6.1 m (20 ft). Most flow within the UCRS has been found to be vertical with a downward 
gradient from the UCRS to the RGA. 

Water levels in a temporary piezometer placed in Pit A, as part of the 1996 Rl,determined the .depth 
to the water table to be between I.S and 2.1 m (S and 7 ft). The water table elevation is approximately 
112.2 m .(368 ft) ams!. A shallow water table is consistent with the depth of water in TP 2, excavated in 
Pit A as part of the Phase II SI in 1991. 'In general, the water table is expected to be a subdued image of 
the land surface topography. The water table will coincide with the base of the ditches on the north and! 
south sides of the SWMU where some groundwater/surface-water interaction occurs. Rainfalll infiltration 
will cause the water table to mound beneath SWMU 30. Except for the area adjacent ,to the perimeter 
ditches, vertical hydraulic gradients are much greater than lateral gradients so that groundwater flow 
ultimately is downward. 

'In the RGA, the predominant flow direction is to the northwest. The elevation of the RGA water 
level in MW66 typically ranges from 98.S to 101.8 m (323 to 334 ft) ams!. 

Surface features and surface-water hydrology. The soil survey of McCracken County (USDA 
1976) maps Henry silt loam across SWMU 30. However, an deeper soil borings, including Phase II SI 
borings H-211 and H-211i2, MW66, and boring S-2, encountered surficial, fill material to depths of 0.6 to 
3.7 m (2 to 12 ft). Phase II surface soil sample sites H-36:l through H-366, H-370 and B-373 provide 
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characterization, of surface soil texture from eight locations across SWMU 30. The upper 15 cm(6in.) of 
soil ranges from lean clay to sand. Surface soil samples from the Burial Pit A area tend to be lean clay .' 
with gravel, whereas surface soil textures from the south side of SWMU 7 range from lean clay to silty 
sand with gravel. 

The Phase II SI provided double-ring infiltrometer tests on surface soils at three 'locations. Average 
long-term infiltration rates were less than 2 x 10-6 crn/sec (6 x 10-3 ftJd) for two ofthe tests (Table 3.47). 

Table 3047. SWMU 30 double-ring,infiltrometer tests 

Double-ring infiltrometer test 
DRl-13 
DRI-N 
DRI-li5 

Burial pit 
Pit A 
Pit A 

Near PitA 

Long-term inner ring infiltration rate 
< 2 X 10-6 cmlsec 

I x 10-4 cmlsec 
< 2 x I O~6 cmlsec 

The SWMU 30 area boreholes, H-211, H-212,MW66, and S-2 encountered loess, described as silty 
to sandy clay, to depths of 5.5 to 6.4 m (18 to 21 ft)bgs. The base of the loess is at approximate elevation 
106.7 m (350 ft) ams!. Land surface eIevation over most of.Pit A is n 1.3 m (365 ft) amsl or greater. At a 
depth of 3.7 m (12 ft), the base of the pit is at approximate elevation 107.6 m (353 ft) amsl or greater; 
thus, at least 0.9 m (3 ft) ofloess underlies Burial Pit A. 

Surface water sheds radially from the central hill at SWMU 30. All overland flow eventually drains to 
the perimeter ditches located to the north and south of SWMU 30. Upgradient sources of contamination 
to the ditches include SWMU 7 and the C-747-C, C-747-E, and C-747-P Scrap Yards. 

Transportation. Transportation in the vicinity of SWMU 30 consists of PGDP personnel performing 
day-to-day activities and is confined to paved or gravel roads. 

Wetlands. Jurisdictional wetlands exist .along the drainage ditch on the north perimeter of SWMUs 7 
and 30 (Sadri 1995). 

Floodplains. No mO-year floodplains. are adjacent to SWMU 30. 

Soils and pr:-ime farmland. Historically, soils within the impacted .area of SWMU 30 are Henry silt 
loams. However, the soils associated with these areas have been disturbed by past activities, decreasing 
the likelihood that any of these areas are prime farmland. 

Biological resources. Vegetation inside the fence is mowed' grass providing very little to no wildlife 
habitat. No potential habitats for federally listed 1i&E species are present within the fence (CDMFederal 
1994). 

Cultural resources. No properties inside the fence at the PGDP currently are included on, or are 
nominated for inclusion on, the NRHP. Additionally, the SHPO has concurred with the determination 
that the subsurface area inside the fence previously has been disturbed and, consequently, is not likely to 
contain any undisturbed sites of archaeological' significance. 

Underground utilities. There are no known underground utilities atSWMU 30; however, some 
debris may exist in the area of.the former incinerator. 
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• Manufactu~ingITSD'Processes 

SWMU 30 was used from 1951 to 1970 to bum combustible trash, some of which may have 
contained uranium contamination. Ash and debris were buried below ground in Burial Pit A beginning in 
1962, when use of an on-site incinerator was discontinued. Site maps and a surface electromagnetic 
geophysical survey of the Phase n Sl identify the location of Burial Pit A. The pit is reported to have 
been excavated to a depth of 3.7 m (12 ft) and covered with 1.2 m (4 ft) of earth. Prior to identification 
by Phase n SI surface geophysics testing, it was believed that remnants of the former incinerator were not 
present. Ensuing searches identified photos of the incinerator at the location of the geophysical anomaly. 

Summary of InvestigatiOlIS 

The main source of the information used in this summary report for SWMUs 7 and 30 is the 
Remedial Investigation Report for Solid Waste Management Units 7 and 30 of Waste Area Grouping 22 
at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1998c). Contributing sources include: 
reports of Phases I and n of Results of the Site Investigation (CH2M HILL 1991 and 1992), Final Report 
on Drive-Point Profiling of the Northwest Plume and Analysis of Related Data (DOE 1995e), and 
Northeast Plume Preliminary Characterization Summary Report (nOE 1995a~. 

The DOE peFformed sampling activities. in SWMUs 7 and 30, in June 1998 to characterize further 
the presence of soluble uranium and the geochemical parameters that govern the solubility of uranium. 
The sample analyses reveal that low levels of soluble uranium are present in the waste pits. The dissolved 
uranium, at these low levels, will not exceed an unacceptable level at the point of exposure. Moreover, 
the geochemical setting will limit the additional formation of dissolved uranium. 

• Co"ceptual Site Model 

• 

Nature and extent. The C-747-A Bum Area includes approximately 11,892 m2 (128,000 ft2} on the 
west side of SWMU 7. Burial Pit A underlies the north half of SWMU 30. An incinerator formerly was 
located south of Burial Pit A within the SWMU. 

Surface soil contamination by PCBs and PAHs extend from the site of the former incinerator to the 
south drainage ditch. All PCB detections but one are < 4 ppm. Surface soil at location SS-04 contained 
15 ppm Aroclor-1260 {the carcinogenic PCB). Polycyclic aromatic hydrocarbons concentration likewise 
is ,highest (48 ppm) at location SS-04. Uranium activity of the surface soil is generally less in SWMU 30 
than was observed at .SWMU 7. The ,radiation walkover survey of SWMU 30, conducted during the 
Phase II Site Investigation, identified only isolated: areas where surface radiological contamination 
exceeded three times background activity as measured at nearby reference sites. 

SWMU 30 is contributing PCBs to sediments and surface water in the south ditch. However, 
elevated levels of metals and uranium occurring in both the north and south drainage ditches appear to be 
derived from upgradient sources. 

Subsurface soils are contaminated with metals and radionucIides at the former incinerator site. Soil 
samples from Burial Pit A contain elevated levels of metals, radionuclides, and P AHs. 

Metals, radionuclides, BTEX compounds, and TCE degradation products contaminate water in 
Burial Pit A. Despite high activities of uranium in some Pit A water samples, elevated uranium activity is 
not detectable in the adjacent UCRS. Trichloroethene contamination of ,the UCRS and RGA at SWMU 
30 may be derived from Ilocal sources. However, any DNAPL that may be present has migrated into the 
underlying soils and is now distinct from the burial pits. 
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Contaminant Fate and Transport 

Refer to Sect. 3.2.6.3, Contaminant Fate and Transport, for SWMU 7. 

Summary of Previous RemedialActions 

No previous remedial actions have been taken at SWMU 30~ 

Summary of WAG 22 Risk Assessment Summary 

The summary presented in this section was taken from Remedial Investigation for Solid Waste 
Management Units 7 and 30 of Waste Area Grouping 22 at the Paducah Gaseous Diffusion Plant. Paducah. 
Kentucky (DOE 1998c) (SWMUs 7 and 30 BRA). Specifically, the Executive Summary of the SWMUs 7 
and 30 BRA contains the pertinent risk information that will be repeated here. This document provides 
information about the baseline risks posed to human health and the environment from contamination at 
the former C-747-A Burial Ground (SWMU 7) and the fonner C-747-A Bum Area (SWMU 30), It 
includes information on risk assessments that have evaluated long-term impacts to human health and the 
environment. Information provided in this document form the basis for the development of the FS. 

According to the Executive .Summary of the SWMU s 7 and 30 BRA: 

• 

In ,1:996, the U.S. Department of Energy (DOE) conducted a Remedial InvestigationlResource 
Conservation and Recovery Act Facility Investigation at solid waste management units (SWMUs) 7 
and 30 in Waste Area Grouping (WAG) 22 at the Paducah Gaseous Diffusion Plant (PGDP) in 
Paducah, Kentucky. The purpose of this activity was to determine the presence, nature, and 
extent of contaminants (if any) at each of the units. The investigation focused on source • 
characterization of the surrounding soils and the potential impacts of contaminants on adjoining 
surface waters and groundwater. Investigative activities included sampling and analysis of 
surface and subsurface soils, surface waters, groundwater, and waste. 

This baseline risk assessment utilizes information collected during the recently completed remedial 
investigation and earlier investigations to characterize the baseline risks posed to human health from 
contact with contaminants in soil, sediment, groundwater, surface water, and buried waste at SWMUs 7 
and 30 and from contact with media impacted by contaminants migrating from these units. ~Baseline risks are 
those which may be present in absence of corrective or remedial actions.) In the assessment of the risk 
posed by contaminants migrating from burial pits at SWMUs 7 and 30 to the regional gravel aquifer 
(RGA), the transport modeling results presented in Chapters 4 and 5 of Volume I of this report were 
used. The modeling information was also used in the assessment of the risks posed by contaminants 
migrating from SWMUs 7 and 30 to surrounding ditches. Please note, although the SWMUsare bordered 
by ditches that collect and direct surface-water runoff off site, the flow in these ditches is intermittent; 
therefore, all sediment samples collected from :these ,ditches were assessed as soil and not sediment in 
this baseline human health risk assessment (BHHRA). 

Consistent with regulatory guidance and previous agreements, several land use scenarios were 
evaluated as part of the BHHRA. These are as follows. 

• Current on-site industrial-direct contact with surface soil (0 to 1 ft~. 

• Future on-site industrial-direct contact with surface soil (0 to 1 ft)and use of RGAgroundwater 
below the SWMU. 
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• Future on-site excavation scenario----direct contact with waste and subsurface soil (0 to 10ft). [Note, 
exposure was combined for all pits within a SWMU for this BHHRA. However, a pit-specific baseline 
risk assessment is presented in an appendix to the feasibility study for SWMl:Js 7 and 30 (DOE 
1997c).] 

• Future on-site recreational user----consumption of game exposed to surface soil (0 to 1 ft). 

• Future off-site recreational: user---direct contact with surface water and consumption of game 
exposed to surface water. 

• Future on-site rural resident---directcontact with surface soi'li (0 to 1 ft), use of RGA groundwater 
below the SWMU, and consumption of vegetables. 

• Future off-site rural resident-use ofRGA groundwater at the D0E property boundary. 

This report also contains a screening ecological risk assessment for various nonhuman receptors that 
may come into contact with contaminated media at or migrating from SWMUs 7 and 30. As with the 
BHHRA, this screening assessment utilizes information collected' during the recently completed remedial 
investigation and earlier investigations. However, this screening assessment concludes with an identification of 
a COPECs for the receptors and! not with baseline risks to these receptors. The reader should note that a 
BERA will be completed for these units at a later date during the plant-wide ecological risk assessment 
forPGDP. 

Major conclusions and observations of the risk assessments are as follows . 

General 

It For SWMUs 7 and 30 and the associated ditches, human health excess 'lifetime cancer risk (ELCR) 
and systemic toxicity of contaminants often exceed accepted standards of EPA and KDEP. Summaries 
of the human health risk assessment results for all land uses evaluated are in Tables ES.l to ES.5 of 
the Executive Summary of the BRA. These tables present the risk results calculated using required 
default exposure parameters,exposure pathways, and toxicity values. Tables 3.48 and 3.49 presents 
the risk results of the uncertainty analysis using site-specific exposure parameters, appropriate exposure 
pathways, and approved toxicity values. Only discussion of the current land use and the most 
plausible future hmd use will be presented in the Executive Summary. 

• Pit G(i.e., found in SWMU 7 below the drums composing SWMU 12) was not evaluated in this 
assessment because sampling data from this pit and the area surrounding it were not available, as 
discussed in Volume 1 of this report. However,it should be noted that risks to the currerit industrial 
worker and future industrial' worker, resident, and recreational user from contact with contaminated 
surface soil at Pit G are probably similar to or ,greater than those determined for elsewhere at SWMUs 7 
and 30. Potentially greater risks are surmised because contamination of these soils with uranium may 
be greater than that found elsewhere at SWMUs 7 and 30 through migration of uranium from the drums to 
the underlying soil. Risks to the excavation worker are probably similar to those found generally at 
SWMUs 7 and 30 because wastes in Pit G are similar to those found elsewhere at SWMUs 7 and 30. 

• Detectable concentrations of contaminants encountered at SWMU 7, SWMU 30, north ditch, and 
south ditch that exceeded background were evaluated for the potential of inducing adverse ecological 
effects to a representative set of receptor species that potentially inhabit the study area'. Table ES.8 of 
the Executive Summary of the BRA summarizes chemicals of potential ecological concern (COPECs) 
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that were retained for further study based on the results of screening contaminant concentrations 
against a conservative set of ecological benchmarks. A variety of analytes(primarily organic compounds) 
for which ecological risk could not be estimated because receptor-specific toxicity data were lacking 
are also retained. 

Screening Ecological Risk Assessment 

e The purpose of the Screening Ecological Risk Assessment was to eliminate analytes for which adverse 
ecological effects are not expected. Analytes that were retained as COPECs may require further study 
to determine if adverse ecological effects are likely if decisions for remedial actions will be based on 
ecological concerns. Uncertainty concerning the bioavailability of various metals (e.g., aluminum at 
all sites was only slightly elevated above background) and comparison of exposures to No Observed 
Adverse Effects Levels (NOAEL) may have lead to an overestimate of potehtial ecological risks. 
Further sampling and analysis is needed to determine if concentrations for which the potential for 
adverse'ecological effects is indicated accurately represent conditions at specific SWMUs. 

Tables 3.48 and' 3.49 present the risk results and the quantitative risk summaries found in Tables ES.6 
and ES.7 of the SWMUs 7 and 30 BRA, respectively. Table 3.48 and 3.49 present the risk results of the 
unceItainty analysis using site-specific exposure parameters, appropriate exposure pathways, and approved 
toxicity values. Only discussion of the current land use and the most plausible future land use will be 
presented. 

3.2.7 WAGs 1 and 7 

• 

WAG I consists ·ofthe C-615 Sewage Treatment Plant (SWMU 38), the Fire Training Area (FT A) 
(SWMU rOO), and the C-740 TC::E spm Site (SWMU 1136). All three of these sites are located in the • 
southwestern portion of the PGDPsecurity area (Fig. 3.36). According to the PGDP SMP, the SWMUs 
in WAG 1 were grouped as a result of common geographic location (DOE 1999c). 

WAG 7 consists of five USTs (SWMUs 130-134) located in the vicinity of the C-611 Water 
Treatment Plant (WTP), and the inactive C-746-K Sanitary Landfill (SWMU 8). All of these sites are 
located outside of the main security fence, southwest of the PGDP facility (Fig. 3.36), According to the 
PGDP SMP, these SWMUs were grouped due to their suspected contribution to off-site contamination, 
potential for application of a remedial technology common to the group, and similarity in contaminant t)qJes. 

By written mutual consent, the EPA, the KDEP, and the DOE agreed that an evaluation of remedial 
alternatives for SWMU 38, the C-615 Sewage Treatment Plant, would be deferred until the unit ceases 
operation (Haight 1995). Rationale supporting this decision was that additional impacts to environmental 
media may occur during the operational life of this unit, thereby detracting from the effectiveness of 
implementing remedial actions prior to closure. 

In former versions of the PGDP SMP ~E 1999c ), WAGs 1 and 7 included three SWMUs associated 
with operations conducted at the former KOW, a p01:tion of which is located within the western quadrant of 
the DOE property boundary. By mutual consent among the EPA, the KDEP, the United States Department 
of Defense ~DoD), the COE,and ,the DOE, it was agreed that evaluation and implementation of any 
remedial actions required for the KOW SWMUs [SWMU 94 (KOW Sewage Treatment ,Plant), SWMU 95 
~K:OW Bum Area), and! SWMU 157 (KOW Toluene SpiJI Site)l· would be the responsibility of the DoD, 
and conducted on behalf of the 000 by the COE. Correspondence outlining the agreed upon responsibilities 
of the DOE, the COE, and the DoD was submitted' to the EPA and the KDEP April 5, 1996. Due to the 
agreements reached he tween these entities, further actions involving the KOW SWMUs no longer will be • 
addressed by the DOE PGDP environmental restoration program. 
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0 Table 3.48. Summary of risk results and uncertainties for ELCR for SWMU:s 7 and ~O 0 
6 
0 

c;: (formerly "Table ES.6. Summmy of quantitative uncertainty alla~l'sis of the human health risk assessment for excess lifetime cancer risk 'j 
0 
n 

~ 
00 Total Excess Lifetime Cancer Risk .... 
.j;> 

Total ELCR Total ELCR Total ELCR Total ELCR without Total site-specific or average S 
Total ELCR derived using Total ELCR using EPA Total ELCR without consumption of ELCR without groundwater, with 

derived using all site-specific or without default dermal without consumption of vegetables EPA default dermal values, 
default average exposure groundwater absorption contribution game contribution without lead, without game, and 

SWMU ex~osure values values contribution . ex~osure values of lead contribution {soil + gw) without vegetable contribution 

4x
H

IO··1 
Current Industrial Worker at Current Concentrations 

7 2 x 10.4 NA 2 x 10-4 NA NA NA I x 10.5 

30 4 x 10.3 2 x 10-4 NA 2 x 10-4 NA NA NA I x 10-5 

North ditch 4 x 10-4 2 x 10-5 NA 3 x 10-5 NA NA NA 2 x 10-6 

South ditch 4 x 10-4 2 x 10-5 NA 5x 10-5 NA NA NA 3 x 10-6 

Future Industrial Worker at Current Concentrations 
7 6 x 10-3 NA 4 x 10-3 2 x 10-3 NA NA NA 2 x 104 

30 4 x 10-3 NA 4 x 10-3 5 x 10-4 NA NA NA 2 x 10-4 
North ditch 4 x 10-4 NA NA 3 x 10-5 NA NA NA 3 x 10-5 

South ditch 4 x 10-4 NA NA 5 x!O·s NA NA NA 5 x 10-5 

v.> Future Recreational User at Current Concentrations 
I 

7 I x 10-5 NA NA NA NA O.Oe+OO NA 0.0e+00 ..... 
VI 

30 I x 10.5 NA NA NA NA 0.0e+00 NA 0.0e+00 v.> 

North ditch I x IO-b NA NA NA NA 0.0e+00 NA O.Oe+OO 
South~ditch 2 x 10-6 NA NA NA NA 0.0e+00 NA O.Oe+OO 

Future Rural Resident at Curren; Concentrations 
7 5 x 10-2 I x 10.2 3 x 10-2 4x10-2 NA NA 2 x 10-2 -I x 10-3 

30 4 x 10-2 9 x 10-·\ 3 x 10-2 3 x 10-2 NA NA I x 10-2 8 x 10-4 
North ditch 9 x 10'3 2 x 10.3 NA 8 x 10-3 NA NA I x 10-3 3 x 10-4 

South ditch I x 10-2 3 x 10-3 NA I x 10-2 NA NA I x 10-3 5 x 10-4 

Future Excavation Worker at Current Concentrations 
7 2 x 10-3 1 x 1()-5 NA 9 x 10-4 NA NA NA 7 x 10-6 

30 I x 10-3 6 x 10-5 NA 1 x 10-4 NA NA NA 7 x 10-6 

North ditch NA NA NA NA NA NA NA NA 
South ditch NA NA NA NA NA NA NA NA 
NA = Uncertainty not evaluated or not appropriate for this land use. 
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Table 3.49. Summary of risk results and uncertainties for systemic toxicity for SWMUs 7 and 30 

(fonnerly "Table ES. 7. Sum11IGlY of quantitative uncertainty ana~l'sis of the human health risk assessment for systemic toxicity 

Total HI derived Total HI 
using all default derived 
exposure values without lead 

with lead toxicity 

5 x 103- 5 x 10° 
4 x 103 4 x 10° 
3 x 103 5 x 10° 
I x 10: 5 x 10° 

5 x 104 6 x 10 1 

2 x 104 I x 101 

3 x 103 5 x 10° 
I x 104 5 x 10° 

3 x )0°" 7 x 10.1 

2 x 100 4 x lO.z 

i x 10.1 4 x 10.3 

5 x 10. 1 5 x 10.3 

9 x 105 I x 103 

5 x lOS 3 x IOz 

2 x lOS 2 x 10z 
7 x lOS 3 x IOz 

.. 

7 x 103 5 x 10° 
5 x 103 4 x 10° 

NA NA 
NA NA 

Svstemic Toxicity 
Total site-specific or average 

Total HI without HI witbout groundwater, Total HI derived 
using site-specific 

Total HI 
without 

Total HI using 
EPA default Total HI witbout contribution from with EPA default derinal 

or average groundwater dermal absorption contribution from 
exposure values contribution exposure values consumption of 

without lead without lead witbout lead game 
Currelrt b,dllstrial worker at ClIrrent Concentrations 

3 x 10-\ NA 3 x 10·\ NA 
3 x 10.1 NA 2 x 10. 1 NA 
3 x 10-1 NA 2 x 10.1 NA 
3 x 10-1 NA 2 x 10. 1 NA 

FlItllre Industrial Worker at ClIrrent Concentrations 
NA 5 x 10° 6 x 101 NA 
NA 4x 10° 8x 10° NA 
NA NA 2 x 10.1 NA 
NA NA 2 x 10. 1 NA 

F"tllre Clrild Recreational User at ClIrrent Concentrations 
NA NA NA 0.0e+00 
NA NA NA 0.0e+00 
NA NA NA O.Oe+OO 
NA NA NA O.Oe+OO 

FlIIlIre Child Rural Resident at ClIrrent Concentrations 
I x 10.1 4 x 102 I x 103 NA 
2 x 102 3 x 102 3 x 102 NA 
2xl02 NA 2xl02 NA 
2 x 102 NA 3 x 102 NA 

Flllure Excavation Worker at Ci,rrent COI,centrations 
4 x 10-2 

2 x 10-1 

NA 
NA 

NA 
NA 
NA 
NA 

I x 10° 
9 x 10. 1 

NA 
NA 

NA 
NA 
NA 
NA 

consumption of 
vegetables 

. (soil + gw) 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

4 x 102 

7 x 101 

3 X 10 1 

3 X 101 

NA 
NA 
NA 
NA 

values, witbout lead, without 
game, and without vegetable 

contribution 

2 x 10-2 

I x 10.2 

I x 10-2 

I x 10-2 

3 x 10-\ 
2 x 10-1 

2 x 10.1 

2x.IO· 1 

0.0e+00 
O.Oe+OO 
0.0e+00 
O.Oe+OO 

2 x JOo· 
2 x 100 
I. x 100 
2 x 10° 

8 x 10.3 

4 x 10-2 

NA 
NA 

NA = Uncertainty not evaluated or not appropriaie for this land use. 
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As indicated above, WAGs land 7 consists of a total of nine individual and diverse SWMUs. 
Infonnation regarding location, setting, and historic manufacturingITSD processes is provided for each • 
SWMU; due to the similar nature of use and location of the C-611 USTs (SWMUs 130-134), these units 
have heen grouped for discussion. 

3.2.7.1 SWMU 8 - C-746-K Sanitary Landfill 

Location 

The C-746 .. K Sanitary Landfill (SWMU8) is located south of the C-6,11 WTP,southwest of the 
PGDP security area (Fig. 3.37). It is situated immediately west of Bayou Creek and north of the unnamed 
tributary of Bayou Creek. The C-746-K Sanitary Landfill is roughly rectangular in shape and measures 
approximately 152 x 213 m(500 x 700 ft). 

Setting 

The following subheadings provide information on the setting of SWMU 8, including geology/ 
hydrogeology, surface features and surface-water hydrology, transportation, floodplains, wetlands, soils 
and prime farmland, biological resources, and cultural resources. Additionally, a discussion of underground 
utilities located in the vicinity of the landfill has been included. 

Geologynlydrogeology 

In 1980, Wehran Engineering conducted a hydrogeologic investigation at the landfill (Wehran 1981). 
During the investigation, Wehran drilled ten soil borings and completed five of these as piezometers 
(MWs 23 through 27~ screened in the Porters Creek Clay. In addition, ten test pits were excavated in and .' 
aliound the landfill and polyvinyl chloride (PVC) well points were installed in the backfill (MWs 28 
through 37). In 1991, CH2M HILL drilled a soil boring (MW183) and installed MW184 in the Terrace 
Gravel at the landfill as part of the Phase II Site Investigation (CH2M HILL 1i992)~ For the RFIIRI, nine 
soil borings were drilled and four shallow monitoring wells were installed around the perimeter of the 
landfill. Figure 3.37 shows the locations of these sampling points. 

Cross sections illustrating the geology at the landfill site are presented in Figs. 3.38 and 3.39. The 
following lithologies were encountered beneath the unit, in order of increasing depth. 

• Landfill cap material occurs in the upper '0.6 to 0.9 m(2.0to 3;0 ft) of the landfill. A 15-cm (6-in.) 
clay cap and a 46-cm (I8-in.) layer of subsoil and topsoil were placed on the landfill in 1982, and 
additional soil was added when the cap was repaired in 1992. A thin :Iayer of stiff, highly plastic white 
clay that fits the description of the original clay cap was encountered in 8-SB-002 and 8-SB-002A. 
Soil penneability testing was completed in 1993 on nine Shelby tube samples collected from the soils 
(vegetative cover) overlying the landfill cap. The results range from an average hydraulic conductivity 
of 1.18 x 1'0:7 to 3.54 x W·5 crn/sec (3.34 x lO-4to 1.00 x 101 ftld). 

• Fill material, composed of fly ash mixed with soil and assorted rubbish, is found beneath the clay 
and vegetative cap toa maximum obsewed thickness of 8.5 m (28 ft) in Wehran Soil Boring B-9. In 
general, fly ash consists primarily of silt-sized particles ofamoIiphous glass, with quartz, mullite 
[Aluminum Silicate (AI6Si10 13)], various iron oxides such as hematite and magnetite, and lime 
(MMES T993). A magnetometer suwey conducted at SWMU 8 for the RFIIRI indicated that there 
are at least two magnetic anomalies in the western half of the landfill. These anomalies may indicate 
the presence of buried drums, discrete piles of fly ash, or some other metallic objects. 
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fig, 3.37. Soil & Leachate sampling locations and monitoring wells at SWMU 8. 
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• Loess and alluvial deposits are present in some areas underlying the landfill and range in thickness 
from Oto 2 m (0 to 8 ft). 

• Continental deposits consisting of up to 11'0 m 'C33 ft). of Terrace Gravel overlie the Porters Creek 
Clay terrace at the landfill. iFhe continental deposits consist of clayey silt containing coarse gravel 
and sand lenses and are difficult to distinguish from younger alluvial deposits near the creeks. 

• Porters Creek Clay underlies the landfill at varying depths. The Porters Creek Clay Terrace slope dips 
relatively steeply to the north-northeast beneath the northeastern comer of the landfill. The depth to 
the top oUhe clay varies from 3.0 m (10 £1) bgs in 8-SB-004 to 12.6 m (41.5 ft) bgs in8-SB~006. 
None of the soil borings or monitoring wells at ·this unit fully penetrated the Porters. Creek Clay. The 
Porters Creek Clay has been described as a dark, greenish gray to black clay containing varying 
amounts of silt and fine sand and containing fine hairline fractures. Results of tests conducted by 
Wehran Engineering in 19811 indicate that the hydraulic conductivity of the Porters Creek Clay 
ranges from 5.5 x 10-9 to 1.3 X 10-7 cm/sec (1.56 x 1'0-5 ,to 3.68 X 10,4 ftld) at the landfill. 

The UCRS and the RGA are not present at SWMU 8. Groundwater occurs under shall'ow, unconfined 
conditions in the Terrace Gravel, :Ioess, and alluvium overlying the Porters Creek Clay Terrace. Underflow 
enters the landfill from the west within the Terrace Gravel, flows laterally to the east, and discharges into the 
creeks, with some unquantified amount potentially flowing into the RGA north of the terrace as recharge. 
North of terrace slope, the predominant groundwater flow direction within the RGA is north-northeast. 
The degree of hydraulic connection between the Terrace Gravel and the RGA at the PGDP is not known. 
Groundwater flow modeling conducted' for the FS at SWMU 8 was used to help define the probable shallow 
groundwater flow conditions at the landfill and, to address the uncertainties regarding potential contaminant 
migration from SWMU 8 over the terrace slope into the RGA. The results of this modeling are presented 
in the WAGs 1 and'7 FS (DOE 1996d). The modeling of the no action alternative represents the expected 
conditions at the 'landfill. The modeling and the presence of the seeps in the surrounding surface water 
indicate that most of the shallow groundwater at the landfill likely discharges to the surrounding creeks, 

Monthly groundwater levels measured at the landfill since 1980 indicate that groundwater levels vary 
seasonally, with the maximum levels typically occurring in winter and spring (MMES 1993)_ Groundwater 
mounding occurs beneath the northwestern ,portion of the unit June 1992 data indicate that the shallow 
water levels rise to about 115 m (377 ft) amsl beneath the western part of the landfill, indicating that the 
lower 2 to 3 m (5 to 10 ft) of waste at the landfill is below the water table during certain times of the year. 
!J'he four monitoring wells installed at SWMU8 for theRCRAFacility Investigation (RFJ11RI were screened in 
the Terrace Gravel. According to water level measurements taken July 12, 1995, the depths to shallow 
groundwater ranges from approximately 1.6 rh (SA ft) bgs at MW300 to 35 m (11.5 ft) bgs at MW303. 

A'II available data have been used to describe the expected conditions at the C-746-K 'Landfill. However, a 
degree of uncertainty remains concerning some of the. site conditions at SWMU 8; ,these uncertainties 
include the exact location and condition of the KOW yellow water line, the degree of hydraulic connection 
over the terrace slope, and a precise definition of the source term {waste types and volumes). 

Surface features and surface-water hydrology. The ground sUIface in the vicinity of the C-746-K 
Sanitary Landfill is grass-covered and' slopes in a radial fashion from a maximum elevation of 121. 9 m 
(400 ft) neat the center of the western half of the landfill toa low of approximately 109_7 m (360 ft) near 
Bayou Creek at the eastern edge of the landfill. Bayou Creek and the unnamed tributary are located 
immediately east and south of the landfill mound,respectively. A drainage ditch is located along the western 
'edge of the landfill and flows to the south into the unnamed' tributary. Surface runoff from theC-746-K 
Sanitary Landfilli ,is discharged to these surface bodies. 
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Transportation. The road north of SWMU8 is owned by the DOE. Traffic occumng on this road 
consists predominantly of fecreationalists, PGDP personnel, and WKWMA pefsonnel. 

Wetlands. Wetlands identi'fied in the vicinity of SWMU 8. during the 1994 COE environmental 
investigation of the PGDP and during a wetland investigation for WAGs 1 and 7 are shown in Fig. 3.40 
(SAlC 1993). 

Floodplains. A portion of the 100-year floodplain of Bayou Creek is located within the boundary of 
SWMU 8 (Fig. 3.40) and the unnamed tributary. 

Biological resources. The majority of the area associated with SWMU 8 has been cleared 
pfeviously of vegetation and consists of various grasses including rye, fescue, foxtail, and various. others 
not identified due to mowing practices. 

Those areas that have not been cleared of vegetation in recent times are associated with Bayou 
Creek and consist of species such as oak (Quercus spp.), hickory (Carya spp.), maple (Ace,. spp.), 
American elm (Ulmus americana), sweetgum (Liquidambar styraciflua~, and various others in the 
overstory. The scrub-shrub layer consists predominantly of maple, black locust (Robinia pseudoacacia), 
sumac (Rhus sp.), persimmon (Diospyros verginiana), and other mixed forest species in the sapling stage. 

All of the wildlife listed in Sect. 2.8.4 could be found in these areas. Potential habitat for the 
copperbelly water snake exists to the east of SWMU 8 along Bayou Creek. 

Soils and prime farmland. Historically, soils within the impacted area of the SWMU 8 are 
Calloway silt loam, 0% to 2% slope; Grenada silt loam, 6% to 12% slopes; and FaUaya-Collins silt loam . 
However, the soils associated with these areas have been disturbed by past activities, preventing that .any 
of these areas from being prime farmland. The NRCS has been contacted and concurs with this 
determination (DOE 1996d). 

Cultural resources. All' of the areas associated with SWMU 8 have :been previously disturbed and, 
consequently, are not likely to contain any sites of archaeological significance. The SHPO has been 
contacted and ,concurs with this determination {DOE 1996d). 

Underground utilities, From review of available underground-utility maps for the former KOW 
and PGDP facilities, it appears that there are underground utilities in the area of the C-746-K Landfill. 
Figure 3.4,1 shows thelocation of all known underground utilities in the vicinity of the landfill. 

A KOW yellow water line underlies the northern portion of the landfill site. The line was used: from 
11942 to 1945 to transport yellow water, an acidic and TNT -contaminated wastewater, from the KOW 
TNT -manufacturing area to a discharge point on Bayou Creek. The best available data concerning the 
location and depth of the yellow waterline are the plans/drawings of the KOW area which were produced 
by Rust Engineering in 1942 and 1'943. These drawings were used to determine the likely location of the 
KOW yellow water line shown in Fig. 3.41. The drawings indicate that the line was constructed of 30.5-
cm (l2-in.) diameter, segmented, vitrified-clay pipe. It is believed that during decommissioning of the 
KOW plant, the line was flushed to remove residuals and the external structures of the line ,(i.e., manhole 
covers and the pipe headwall at the point of discharge to Bayou Creek) were removed. The portions of 
the line crossing the area now occupied by the landfill may have been removed' prior to landfill 
construction, but there is no documentation available to support this hypothesis. Manholes for the line 
have been observed west of the landfill, but no visible evidence of the line has been found in the 
immediate vicinity of the landfill. If the KOW yellow water line is still present beneath the landfill, it 
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could! serve as a contaminant migration pathway from the unit. Remedial activities at the landfill are 
expected to help resolve some of the uncertainties concerning the exact location and condition of the line. 

In early April 1996, a crew from LMES-Oak Ridge conducted a survey to determine the location of 
the yellow water line with respect to the landfill. The survey indicates that the line runs in an east-west 
direction across the northern portion of the landfill site. A small portion of the landfill wastes overlie the 
reported location of the line. Depth of the line with respect to current ground surface varies from 
approximately 7.6 m (25 ft) bgs at a point located between manhole 28-R and the western edge of the 
hmdfill, to as little as. 1 m (3 ft) bgs within the drainage swale located northeast of the landfill. 

Utility maps indicate that a 911-cm (36-in.) diameter underground sanitary water line is located to the 
west of the landfill site. This line runs in a north-south direction to the C-61 1 complex. Utility maps 
dated 1982 also indicate that a 5-cm (2-in.) diameter sanitary water line is located in the northeastern 
portion of the landfill site. This line leads from a 41 em (l6-in.) main running adjacent to Water Works 
Road. The depth of the line is not indicated on available maps. It is unknown if this line is still in service, 
as this line would likely have been encountered during construction of drainage swales at landfill closure. 
Prior to any intrusive activities in this area, a survey should be conducted to determine location, depth 
and active status of this line. 

Available utility maps also indicate a sanitary sewer line running from the C-61t complex to a septic 
tank and leach field located northwest of the landfill. The sanitary sewer system treats sanitary wastes 
from the C-611 complex. Wastes are transported to the septic tank by a to-cm (4-in.) diameter line 
running from the C-6t1 buildings. Additionally, old (1942) drawings of the KOW area indicate the 
existence of a 20-cm (8-in.) diameter vitrified clay sewer line located west of the landfill at an average 
depth of approximately 1.5 m (5 ft) bgs. The line is shown running to septic tanks located approximately • 
45.7 m (150 ft) south of the C-6·}:l leach field'. The tanks are 61 cm x 1.8 m (24 in. x 6 ft) double unit 
tanks. No other records were available to indicate whether .the septic tanks and sewer line are stm present 
in the area. From review of available underground utility maps, it does not appear that any other mains, 
sewers, lines, or utility ducts are present in the area of the landfill. 

MallufacturillglTSD Processes 

Records indicate that the PGDP used the landfill between 19511 and 1-981 for the aboveground disposal 
of steam plant fly ash and the burial of uncontaminated combustible waste and potentially contaminated: 
rubbish. trenches were cut in the ash and used for the burning of trash until 1'967, after which waste was 
placed in the landfill without burning. In addition to these materials, sludge from the C-615 Sewage 
Treatment Plant may be buried at the unit, as it reportedly was used as fill material. Available soil boring 
data indicate that up to 9 m (28 ft) of fly ash and trash were placed in the landfill. In 1982, the landfill 
was closed and covered with a 1:5-cm (6-in.) clay cap and a 46-cm (I8-in.) vegetative cover. 

Summary of JIlVestigatiollS 

Site investigations/remedial investigations. As part of art investigation into the impacts of the C-746-K 
·landfill on groundwater quality, Wehran Engineering installed five groundwater monitoring wells at the 
site in 11980 (MWs 23 through 27). Each of these wells was screened in the Porters Creek Clay. One 
additional groundwater monitoring well was installed in 1991 by CH2M HILL, which is screened in the 
shallow groundwater system. Three of these wells were sampled as part of the PGDP sitewide Phase IT SI 
(CH2M HILL 1992), and analyzed for T ALffCLcompounds, radionuclides, and major ions. This sampling 
confirmed PAHs and VOCs present in the groundwater at low concentrations(> 60 IlgIL). Additionally, 
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species of radionuclides were detected in the groundwater, including 230Th,99Tc,and 238U. Since ,the 
Phase II' sampling event, all these wells have been abandoned. 

In July 1992, Oak Ridge Associated Universities (ORAU) conducted a radiological survey of ,the 
area. The results of the survey indicated no detection above background concentrations. 

In 1994, the DOE conducted an RFI for the SWMUs in WAGs 1 and 7 and nearby KOW facility 
(SWMUs 94, 95, and' 157){DOE 1996e and 1996f). As part of this investigation,a total of 43 subsurface 
soil samples were ,collected from 8 soill borings located around the perimeter of the landfill; samples were 
collected at 1.5-m (5-ft) depth intefVals from each boring. Boring depths ranged from 5 to 14 m (15 to 45 ft) 
bgs. The ,purpose of the soil borings was to determine the extent of soil contamination in the vicinity of 
the landfill. Additionally, one surface soil sample was collected from each boring location. In addition,to 
the soil sampling, five surface-water and five sediment samples were collected to evaluate the impact that 
the landfill had on the surrounding surface water and sediment. Four shallow monitoring wells (MWs 
300 through 303) were installed, developed, and sampled during RFI activities. 

Additional data sources. Additional data gathering activities conducted at SWMU 8 include 
continuing groundwater monitoring program and surface-water monitoring program. 

'Groundwater monitoring program. Monthly groundwater monitoring was initiated at the landfill 
during Phase n of the CERCLA SI in 1992 (CH2M Hll..L 1992). Groundwater monitoring currently is 
conducted quarterly from four wells at the site (MWs 300 through 302 and MW344), and results are 
reported semiannually (BJC 1998a). These results indicate the presence of elevated concentrations of cis-
1,2-DCE; 1, l-IDCE; 1, I-dichloroethane (DCA); 'FCE; and vinyl chloride. Several metals (including 
aluminum, iron, magnesium, manganese, and nickel) have also been detected above hackground levels in 
groundwater samples from these monitoring wells. 

Surface-water monitoring program. In 'October 1992, thePGDP started a surface-water monitoring 
program near the C-746-K Sanitary Landfill: at Bayou Creek and the unnamed tributary. Samples were 
taken at monitoring points upstream and downstream of the landfill as welli as at the previously sampled 
suspected seep source sites on the banks of Bayou Creek and the unnamed tributary. The results of the 
PGDP leachate and surface-water sampling conducted from November '11992 ,to October 1998 are presented ,in 
the WAGs 1 and 7 R1 Report (DOE 1996e) and in the annual PGDP annual site environmental,monitoring 
report (BJC 1998b). The results of this sampling indicate that several metals, including chromium, iron, 
magnesium, and manganese, ,occur at much higher concentrations in samples collected downgradient of 
,the landfill than in samples collected upgradient of the unit. The concentrations are highest during rate 
summer and faU, during low flow periods in the creeks. Four stations make up the surface-water 
monitoring network. Upstream monitoring was provided 'by two stations (C746K-l and C746K-4) located 
on the adjacent unnamed tributary and Bayou Creek, respectively. Two other stations close to the C-746-K 
Sanitary Landfill (C-746K-3A and C-746K-5) provided downstream monitoring on the adjacent unnamed 
tributary and Bayou Creek, respectively. Samples werecollectedl monthly through September 1995 and 
quarterly thereafter until October 1998. The analysis suite for samples collected from the surface-water 
monitoring locations included 14 common metals; mercury, uranium, VOCs, POBs, and pH. 

The ,data indicate that water quaIityat monitoring stationC-746K-3A is impacted by the leachate 
from the C-74.6-K Sanitary Landfill, while monitoring stationC-746K-5 appears to be unaffected. 
Surface-water samples from station C-746K-3A, located southeast of the landfill on the unnamed 
tributary, ,typically contained, elevated levels of iron and! manganese ascompat:ed to the upstream station 
'C-746K-l as well as low concentrations of cis-I,2-DCE. Iron levels at station C-746K-3A fluctuated 
seasonally, with greater concentrations in later summer and early fall during low stream flow periods. 
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The leachate from the landfill (as detennined by seep sample sites GA-l and GA-3) characteristically 
contained high levels of dissolved metals, low levels of dissolved VOCs, and a low pH (2.3 to 3.3). • 
Where the acidic leachate from the landfill enters the creeks,. the pH rises to approximately 6, indicating 
that the leachate only slightly lowers the stream pH when they mix. The 'low pH causes dissolved metals, 
particularly iron and aluminum, ,to form a precipitate. The precipitation of iron and aluminum oxy-hydroxides 
is the suspected cause of the orange to yellow staining observed seasonally at various seep sites at ,the 
landfill. The staining is most intense during dry periods ~late summer to early fall) when stream flow is low. 

Conceptual Site Model 

The source area is identified as the area of direct waste deposition. Ifhe source at SWMU 8 consists 
of fly ash, uncontaminated combustible waste, potentially contaminated rubbish, and trash. Subsurface 
soil and groundwater are the primary contaminated media atSWMU 8; metals, organics, and radionuclides 
represent probable conditions at this unit. 

Probable pathways from sources to receptors are demonstrated in Fig. 3.42. From the source at 
SWMU 8, contamination could migrate to soil and groundwater, the primary contaminated media, via 
infiltration, leaching, erosion, and runoff. From soil and groundwater at SWMU 8, contaminants c.ould 
migrate into groundwater, air, soil, sediment, and surface water, all secondary contaminated media and 
probable release mechanisms, via infiltration, percolation, wind-generated dust, volatilization, erosion, 
and runoff. Contamination could also reach secondary contaminated media via leaching; an additional 
release mechanism at this unit is leachate. Due to the high topographic relief at SWMU 8, the potential for 
surface-water erosion and runoff is high. Surface water is included in the model, since it was addressed 
by a remedial action conducted at SWMU 8. As indicated in the model, all receptors and exposure routes 
for surface water in the model are for SWMU 8. Air is included in the model to identify it as a secondary • 
contaminated! medium; however, there are no receptors of exposure ,pathways identified since both units 
are outside and the likelihood of exposure to contamination via the air pathway outside is minimal. 

Potential current exposure to contaminated sources or primary media at these units is limited since 
SWMU 8 is capped. However, direct exposure to soil} or sediment may occur for current and future 
workers at SWMUs 8 via soil or sediment ingestion, der:mal absorption, inhalation of particulate dust, 
and external exposure to ionizing radiation. Direct exposure to soil may occur for ecological receptors at 
SWMU 8 via ingestion, dermal absorption, inhalation, and external exposure to ionizing radiation. 
Additionally,direct exposure to sediment may occur for an intruder/infrequent recreational user at 
SWMU 8 via sediment ingestion, inhalation of particulates, dermal absorption, and external exposure. 
Birect exposure to sediments may occur for ecological receptors at SWMU 8 via ingestion and inhalation 
of particulates. Also, at SWMtJ 8, current and future workers, ecological receptors, and an intruder may 
be exposed to contaminants in surface water via dermal absorption. FinaHy, direct exposure to leachate 
may occur for an intruderlinfrequent recreational user at SWMU 8 via dermal contact. 

Nature alld Extent of ContamiIJation 

Soil, groundwater, surface-water, sediment, and leachate sampling was conducted at the landfill fOf 
the RFIIRI. Eight soil borings and four: shallow groundwater monitoring wells, MWs 300 through 303, 
were installed around the perimeter of the landfill. Five surface-water samples, seven sediment samples, 
andrthree leachate samples were collected during the RFIIRI from the locations shown in Fig. 3.37. 

Results of the RI conducted at the landfill indicate that low levels of various organic compounds, 
metals,and radionuclides are likely leaching from the wastes buried in the landfill into the nearby streams • 
and to groundwater. Leachate samples collected from two shallow holes on the bank of the unnamed 
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tributary south of the landfill indicate that.the pH of the leachate fanges from 2.3 ,to 3.4 prior to mixing 
with stream water. Where the acidic leachate from the landfill enters the creeks, the pH rises to 
approximately 6, indicating that the leachate only slightly rowers the stream pH when they mix. The low 
pH causes dissolved metals, particularly iron and aluminum, to fotm a ,precipitate. The precipitation of 
iron and aluminum oxy-hydfoxidesis the suspected cause of the orange to yellow staining observed 
seasonally at various seep sites at the landfill. The staining is most intense during dry periods (late 
summer to early fall) when stream flow is low. Specific conductance values for the stream samples are 
also typically higher during the dry season and range up to approximately 2,000 IHnhos/cm. The 
measured hardness for surface-water samples at the landfill varies from 36 to 11,085 mgIL calcium 
carbonate (CaC03). The detailed results of the sampling can be found in the RFIIR1 for WAGs 1 and 7. 

Jllorgallics 

Numerous metals (including aluminum, antimony, beryllium, chromium, cobalt,iron, magnesium, 
manganese, selenium, thallium, and vanadium) were detected above background Ilevels in soils at the unit. 
The metals aluminum, beryllium, cobalt, iron, magnesium, manganese, nickel, and zinc also were detected 
above background levels in alII four monitoring wells. (The concentrations of these metals were lower in 
the upgradient MW302 than in the downgradient wells.~ Many metals (aluminum,beryllium, calcium, 
cobalt, iron, magnesium, manganese; mercury, nickel, sodium, and zinc) also were detected above background 
levels in the leachate samples, indicating that the landfill likely is one source of the metals. Surface-water 
samples collected for the RFIIRI contained numerous metals at concentrations above background levels; 
however, according to the United States Geological Survey report, Study and Interpretatio1l of the 
Chemical Characteristics of Natural Water (USGS 1992), only two, antimony and cadmium, were 
present at concentrations above those typical of natural waters. lIhe elevated antimony concentration was 

• 

detected in an upstream surface-water sample and, therefore, likely is not due to the landfill. Cadmium • 
was detected in surface-water sample 08-SW-003, as well as in some leachate samples, at concentrations 
higher than the expected range for natural waters. This suggests that the landfill is.a probable source of the 
elevated cadmium levels. Although several metals were detected in sediment samples from SWMU 8, the 
only metal detected above background levels was iron (47.3 mg/kg). The extent of the metals 
contamination in surface water appears limited to the areas upgradient of sampling location 08-SW -003. 

The cause ofthe acidic pH of the landfill leachate has not been finnly established. A study :by the 
nIinois State Geological Survey indicates that low pH, under some conditions, is due to the presence of 
high concentrations of sulfate in the fly ash. The pH of the leachate is low enough to cause the 
dissolution of metals. The source of some of the metals detected at elevated levels in groundwater and 
leachate samples at the landfill is likely due to the fly ash. However, the elevated levels of iron and 
manganese also may be a result of the interaction of the acidic pH with the Terrace Gravel deposits, 
which often have a dark brown coating; or patina, of iron and/or manganese oxides in the PGDP area. 

Radiolluclides 

. . . 99 135 '34238 "8 '30 131 137 . Low levels of the radlOnuchdes, Tc, - U, - U, U, -- Th, - Th, - -Th, and - Np were detected III 
soils. The radionuclides 237Np, 238pu, 99'i[c, 218Th, 232Th, 234U, 235U, and 238U were detected above 
background levels in the leachate samples from SWMU 8. 'fhe highest activities were detected at a seep 
on ,the northem bank of the unnamed tributary, south of the landfiH. Surface-water samples from two 
locations at SWMU 8 contained radionuclides: 233/234U (0.45 pCiIL), 235U (0.31 pCilL), and 238U (0.2 pCiIL) 
at 08-SW-003 and 233/234U (.0.32 pCiIL) at 08-SW-OOS. Very low levels of radio nuclides were detected in 
the downgradient shallow groundwater samples from MWs 300, 301, and 303. (No radionuclides were 
detected above background levels in the upgradient MW302.) The contaminated rubbish reportedly 
disposed of in the landfill is a potential source of these contaminants. 
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Organics 

Very low levels'ofVOCs were detected in the surface and subsurface soil sarnples.at the landfill. Benzene 
(21 Ilg/kg) was ·detected in surface and subswface soils at soil boring 08-SB-00 1 at the northeastern edge of 
the landfill. A possible source of the benzene, as indicated by old photographs, was the bulldozers parked 
in the area during landfill operations. Additional VOCs, including :l!,2-DCE, carbon tetrachloride, and 
toluene, were detected but at concentrations below the quantitation limit. Numerous·P AHs were detected in 
shallow soils but, with the exception ofthe PAHsdetected in 08-SB-00I, the concentrations of the P AHs were 
less than the quantitation limit. The surface-soil sample at soil boring 08-SB';OOt had a total P AH 
concentration 0[9,160 )lg/kg. Two PCBs were detected at the landfill: (1) Aroclor-1254, detected from the 
1.52 to 3.05 m (5.0 to 10.0 ft) bgs intervals in, SB-006 at a concentration of 2;082 Ilg/kg; and (2) Aroclor-1260, 
detected! in the surface soils at 08-SB-004 at a concentration of 183 Ilg/kg. Although these appear to be 
isolated occurrences of PCBs at the landfill, PCBs are still considered potential landfill contaminants. 

The VOCs TCE (27 IlgIL); 1,I-DCA(23 IlgIL); 1,I-DCE(18 IlgIL); and J.2-DCE (330 IlgIL) were 
detected in MW300 during RFIIRI sampling activities. Two of these VOCs (1, I-DCA and I,2-DCE) also 
were detected in MW301. Additional sampling ofMWs 300 through 303 was conducted in March 1995 
and results indicated the presence of cis-l,2-DCE (790 IlgIL); I,I-DCE (72 IlglL~; I,I-DCA (61 IlgIL); 
and TCE (52 )lgIL). Two of the leachate samples contained the organic compounds TCE; I,2-DCA; xylene; 
I,I-DCE; and I,2-DCE. No organic compounds were detected in ,the sediment samples or surface-water 
samples collected during the RFIIRI at the unit. However, one organic [cis-I,2-DCE (9 )lg/L)] has been 
detected in a surface-water sample collected from PGDP stream sampling point C-746-K-3A, located 
southeast of the landfill within the unnamed tributary. The presence of VOCs in the groundwater and! 
leachate samples indicate they likely are leaching from the landfill . 

Conta",i"ant Fate and Transport 

Probable release mechanisms and exposure pathways at the C-746-K landfill include groundwater 
contamination by leaching of contaminants in subsurface soil and surface-water runoff transporting 
contaminants and contaminated sediments off-site. The Summers Model was applied to several COPCs as 
identified by the WAGs ,)' and 7 RI to simulate subsurface migration of contaminants from the soil matrix 
(i.e., landfill leachate). A summary of Summers Modeling results for the C-746-K Landfill is provided in 
Table 3.50. 

Su",,,,ary of Previous Re",edial ActiollS 

PGDP personnel discovered leachate in a ditch on the southwest side of the landfill January 30, 1992. 
The leachate was acidic ~pH from 2.3 to 5.5), orange to yellow in color, and was found to contain various 
volatiles and metals. Immediately upon discovering the seeps, PGDP personnel installed a sandbag dam with a 
hypalon liner to prevent any further release of solids to the unnamed tributary. Additionat seeps have since 
been observed. Corrective measures taken to address seeps include the installation of a sheet metal dam 
upstream of the seeps, the ,installation of a solid precipitate filter in ,the drainage ditch, and the addition of 
cap material (and recontouring of the soil cover material) to repair subsidence ohhe existing ,landfill cap. 

A CERCLA ROD, approved by EPA and KDEP (KDEP 1998), outlined remediaI! actions ,to be 
taken at SWMU 8. Remedial actions consisted of placement of riprap along the landfill bank of the 
unnamed tributary to limit exposure Ito the low pH leachate; riprap was also ,instaHed along a portion of 
the Bayou Creek bank to mitigate erosion. Signs warning of potential health hazards posed! by the site 
were posted in locations visible ,from alii access points to the landfill. Deed restrictions were invoked to 
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Table 3.50. Summary of Summers Modeling Results for the C-746-K Landfill! (SWMU8) 

Cs:(95UCL) Kct (sandy soil) Kct (clayey soil) Cp (sandy soil) Cp.(clayey soil) 
Constituent (m£lk2} (L/k£} (L1k2} {1:!2IL} (I:!IVL} 

Antimony 2.22 45 250: 4.93E+Ol 8.88E+00 
Barium 76.1 60 60 1.27E+03 1'.27E+03 
Beryllium 0.747 250 1',300 2.99E+00 5.75E~01 

Cadmium 0.381 40 560 9.53E+00 6.80E-Ol 
Manganese 501 50 li80 1.00E+04 2.78E+03 
Nickel 9.62 300 650 3.21E+Ol: 1.48E+Ol 
1,2-Dichloroethene '6.68E-03 0;01 0,059 6.68E+02 1. 13'E+02 
ArocJor-1254 0,13 80 400 1.63E+00 3.25E-Ol 
ArocJor -1,260 2.8E-02 400 2,000 7.08E~02 1.42E-02 
Benzo( a )pyrene 0.259 1,100 5,500 2.35E-Ol 4.71E-02 
Neptunium-237 11.82E-03 5 55 3.64E-Ol 3.31E-02 
Plutonium-239 8.69E-05 550 5,100 1.58E-04 1.70E-05 
rechnetium-99 5.57E-04 0.1 l' 5.57E+00 5.75E-Ol 
Thorium-230 2. 16E-02 3,200 5,800 6.75E-03 3.72E-03 
Thorium-232 15 3,200 5,800 4.69E+00 2.59E+00 
UraniUIIl:~totaQ 44.5 15 1,600 2.97E+03 2.78E+O'1 
For organic compounds, Kd values were calculated usingfoc values'ofO.0002 and 0.001 for sand and clay, respectively. 

prohibit intrusive activities at the landfill site. Figure 3.43 depicts the locations of remedial activities at 
theSWMU 8 site. 

• 

Also, as part of the remedial action,a new monitoring well (MW344~ was installed in the northeastern • 
portion of the landfiB site and screened in the Terrace Gravel. This well replaced the Terrace Gravell 
Porters Creek Clay monitoring well (MW303). 

3.2.7.23.2.7.2 SWMlJ 100 - Fire Training Area 

Location 

The FTA is located within the plant security fence in the southwest comer of the PGDP, immediately 
west ·of ,Fourth Street in the vicinity of the C-206 Pumper Drafting Pit (Fig. 3.44:). The FT A covers about 
37 m2 (400 fe) and consists ofthe following features, listed in order from north to south: 

• One large rectangular surface bum area, approximately 14 x 23 m (45 x 75 £1); 
• One circular bum pan area, approximately 6 m (20 ft) in diameter; 
• One circular electric pump area, approximately 8 m (25 ft) in diameter; 
• One circular bum area, approximately 10.7 m (35 ft) in diameter; 
• An elevated and bermed fuel ,tank area, approximately 6.1 m (20 ft) in diameter; and 
• 'Fwo square bum area depressions, each approximately 6.1 x 6.1 m (20 x 20 [t). 

Setting 

The following subheadings provide information on ,the setting of SWMU 100, including geology/ 
hydrogeology, surface features and surface-water hydrology, transportation, floodplains, wetlands, soils 
and prime farmland, biological resources, and cultural resources. 
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Geologymydrogeology 

Two shallow soil borings (H353 and H354) and one 12.2-m (40-ft)deep soil boring (H216) were drilled 
at the FT A for the Phase IT SI. (CH2M HILL 1992). For the RFI/RI, 11 soil borings and two groundwater 
monitoring wel1s were installed. The locations of al1 borings and monitoring wel1s at SWMU 100 are 
shown in Fig. 3.44. The fol1owing lithologies were encountered beneath the unit, in order of increasing depth. 

• Fill material, composed of silty clay and sand with minor amounts of black ash and gravel, was 
found at the surface in several borings. 

• Loess deposits were encountered in all borings and I monitoring wells at SWMU 100. They ranged in 
thickness from about 3 to 5 m (10 to 18 ft). 

• Upper Continental Deposits were encountered .in al1 borings and monitoring wells at the unit, but 
were ful1y penetrated in MW330 only. The uppermost water-bearing unit at this SWMU consists of 
about 8 m (25 ft) of wel1-sortedsand and gravelly sand. There is a clay aquitard at the base of the 
Upper Continental Deposits that is 2.9 m (9.5 ft) thick and: occurs between approximately 17 to 19 m 
(54t063.5 ft) bgs ~[98 to 95 m(320.5 to 31 '1 ft) amsl]. 

• Lower Continental Deposits are present beneath the unit and were encountered at depths between 19 and 
31 m (63.5 and 1103 ft) bgs in MW330. They consist of I-m (4-ft) thick sand facies overlying II m 
(35.5 ft) of sandy, pebble- to cobble-sized chert gravel (RGA). 

• Porters Creek Clay may occur beneath this unit. Although SWMU liOO is located north of the Porters 
Creek Clay Terrace, it may overlie the extreme northern edge of the terrace slope where a thin layer 
of the clay is present (Fig. 3.45). According to the sample log for MW330, a stiffer formation 
(possibly the Porters Creek Clay) was encountered at a depth of 31' m (103 ft) bgs, but no lithologic 
sample could be obtained. 

• The McNairy Formation was not penetrated by any of , the soil borings and monitoring wells at this 
unit, but it was encountered at a depth of 34 m (I 10 ft) [80 m (261 ft) amsl], in a soil boring (H208) 
located approximately 152 m (500 ft) northwest of the unit. 

According to water level measurements taken July 15, 1994, in UCRS MW31'5, the depth of shal10w 
groundwater at SWMU 100 is 2.45 m (8.04 ft) bgs [111.9 m (367.22 ft) amsl]. 1be depth to water in 
MW330, which is screened in the RGA, was approximately 12.8 m (42.1 ft) bgs [101.3 m (332.3 ft) 
amsl}. A geological cross section ofSWMU 100 is provided as Fig. 3.45. 

Surface features and surface-water hydrology. The ground ·surface at SWMU 100 is relatively 
flat, ranging in elevation from approximately 113 to 114 m (370 to 375 ft) amsl. Most of the ground 
surface is grass-covered, with the exception of the eastern part of the unit occupied by Fourth Street and 
the driveway. There are two drainage ditches at the site, a north-northeastern flowing drainage ditch 
located· next to the railroad tracks at the western edge of the unit, and a north flowing drainage ditch on 
the eastern edge of the unit adjacent to Fourth Street. Runoff from the site flows to the ditches and 
discharges via KPDES Outfal1 016 to, the nearest surface water, Bayou Creek (DOE 1993a). Bayou Creek 
is located approximately 305 m (1,000 ft) to the west. 

'Fransportation. Transportation in the vicinity of SWMU 100 consists of PGDP personnel 
performing day-to-day activities.and is confined to paved! or gravel roads. 
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Wetlands. Wetlands have been identified in drainage areas adjacent to SWMU 100 (CDM Federal 
1994). These drainage areas. run north and south, parallel to Fourth Street, east of SWMU liOO and'the 
railroad tracks which are to the west of SWMU 100 (Fig. 3.44), 

Floodplains. No 100-year floodplains are adjacent to SWMU 100. 

Soils and, prime farmland. Historically, soils within the impacted area of SWMU roo are Calloway 
silt loam, 0% to 2% slope; Grenada silt loam, 6% to 12% slopes; andifallaya-Collinssilt loam. However, 
the soils associated with these areas have been disturbed' hy past activities, decreasing the likelihood. that 
any of these areas are prime farmland. 

Biological resources. Vegetation inside the fence is mown grass providing very little to no wildlife 
habitat. No potential habitats for federally listed or proposed for listing T &E species are present within 
the fence (CDM Federal 'l994). 

Cultural resources. Due to previous disturbance and a lack of notable structural features, it is 
unlikely any important cultural resources are present in the vicinity ofthis SWMU. 

ManufacturinglTSD Processes 

The PGDP has used the FT A since 1982 for fire training exercises with flammable liquids. Materials 
burned at theFT A include waste oils, fuels, and other combustible liquids; no records of solvents being 
burned are available .. The bum areas are unlined and were not bermed. Combustible liquids no longer 
were burned in these unlined areas ·after li987. The FT A still is used for fire training exercises butthe use 
of a fire training tower prevents any impacts to soil: or surface water at the site. 

Summary of Previous ]IIvestigatiOlIs 

Site investigations/remedial~ investigations. As part of thesitewide PGDP Phase I, investigation, 
soil gas samples were from the Fire Training Area in June-July ,}!990 (DOE 1996e). The ,puFpose of the 
soil gas sampling was to assess the presence of VOC:s in potential release sites. Soil gas samples were 
analyzed for select VOCs. Results indicated' non-detectable concentrations for ,the select VOC compound 
list from ,the sample location. 

Both surface and subsurface soils were sampled during the sitewidePGDP Phase IiI RI. Eight samples 
were collected from one boring location within the SWMU boundary; total boring depth was 12 m (40 ft) bgs. 
The purpose of the sampling event was to determine if the unit was a source of off~sitecontamination. 
Detectable levels ofSVOCs, PAHs,andllead were present in samples collected from the boring (D0E 1996e). 

In 1994, the DOE conducted, an RH for the SWMUs in WAGs 1 and 7 and nearby KOW facility 
(SWMUs 94,95, and 157) to determine the nature and extent of contamination (DOE 1996e and 1996f). 
As part of this investigation~ IIi soil borings were conducted within the SWMU ,boundary; total depths of 
borings ranged from 6 m (20 ft) bgs to 33 m (l08 ft) >bgs. Two monitoring wells (MWs 3,15 and 330) 
were installed, developed, and sampled at the SWMU during RI activities. MW315 was completed in the 
UCRS, with MW330 completed in the RGA. In addition to soil borings and monitoring well installation, 
four surface-water and four sediment samples were collected' ,from the drainage pathways from SWMU 100 
to evaluate the impact that the unit had on the surrounding surface water and sediment. 

Additional data sources. Groundwater elevation data currently are conducted on an annual basis 
from the two wells at the site CMWs 315 and 3301. Groundwater sampling and analysis for chemical 
compounds currently is not being conducted at this site (BJC 1998a). 
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Conceptual Site Model 

The source at SWMU 100 consists of waste oils, fuels, and other combustible 'liquids, which were 
burned at the FT A. The source is in the soil since the bum areas are unlined and not ibenned. Soil is the 
primary contaminated medium at SWMU 100. The soil at SWMU 1iOO is primarily contaminated with 
metals, and aluminum, arsenic, barium, beryllium, cadmium, iron, manganese, and vanadium are considered 
to represent the probable contaminants at this unit. 

Probable pathways from sources to receptors are demonstrated in Fig. 3.46. At SWMU 100, 
contamination from the source has migrated to soil, the primary contaminated medium, from spills during 
fire training. From soil, contaminants could migrate into groundwater, air, soil, sediment, and surface 
water, aU secondary contaminated media and probable release mechanisms, via infiltration, percolation, 
wind-generated dust, volatilization, erosion, and runoff. As illustrated in the RI report (DOE 1996e), 
since SWMU 100 has a flat topography, the potential for surface-water erosion and runoff is low. Air is 
included in the model to identify it as a secondary contaminated medium; however, there are no receptors 
of exposure pathways identified since this unit is outside and! the likelihood of exposure to contamination 
via the air pathway outside is minimal. 

Potential current exposure to contaminated sources or primary media at these units is limited since 
SWMU 100 is vegetated. However, direct exposure to soil or sediment may occur for current and future 
workers at SWMU 100 via soil or sediment ,ingestion, dermal absorption, inhalation of particulate dust, 
and external exposure to ionizing radiation. 

Nature and Extem o/Contaminatioll 

Low levels of contamination were found in soil, sediment, surface-water, and groundwater samples • 
collected at SWMU 1'00. Organic compounds detected at this unit include VOCs (toluene, xylene, and . 
benzene) and P AHs commonly associated with waste oils and! diesel fuels. They were detected at low 
concentrations in soil samples down to a depth of 4.6 m (15 ft) bgs. However, no organic compounds 
were detected in groundwater, surface-water, or sediment samples indicating that these media are not 
impacted by organic contaminants migrating from SWMU 100. Twelve metals ~aluminum, harium, 
cadmium, chromium, copper, iron, lead, magnesium, manganese, nickel, vanadium, and zinc) were 
detected at elevated concentrations in groundwater, surface-water, and. sediment samples from the unit. 
Of these 12 metals, only three ~barium, manganese, and vanadium) also were detected above background 
levels in surface and subsurface soils at the unit. This limited occurrence of metals in the soils at the unit 
indicates that SWMU 100 likely isnota significant source ,of metals contamination. 

Radionuclides C9Tc, uranium, and thorium) were detected in soil, sediment, surface-water, and, 
groundwater samples from SWMU 100. Their widespread occurrence and ,low activities indicate their 
presence hkelyis related to plant activities rather than ,past activities at this SWMU. 

The areal extent of impacted soils at SWMU 100 has been estimated as approximately 720 m2 

(7,750 ft2) according to the WAGs land 7 iFS (DOE 1''996d). The horizontal extent of organic and 
inorganic contamination in soils is restricted ,to depths above 4.6 m (,1'5 ft) and 7.6 m (25 ft) bgs, 
respectively. The limited extent and low concentrations of organics and metals contamination at this unit 
may represent residual contamination from the waste oils or fuels burned at the unit. 
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Contaminant Fate and, Transport 

Probable release mechanisms and exposure pathways at the Ff A include groundwater contamination 
by leaching of contaminants in subsurface soil, and surface-water runoff ,transporting contaminants and 
contaminated sediments off-site (DOE 1996d). The Summers Model was applied! to several, COPCs as 
identified' by the WAGs 1 and 7 RI to simulate subsurface migration of contaminants from ,the soil matrix 
(i.e., landfill leachate}. A summary of Summers. Modeling results forthe FfAis provided in Table 3.51. 

Table 3.5'1. Summary of Summers Modeling Results for the Fire Training Area (SWMU 100) 

Cs(95UCL) K.J (sandy soil) K.. (clayey soil) Cp (sandy soil) Cp(c1ayeysoil) 
Constituent (m2!kg) (Ukg) (Ukg) (l!21L} (l!g&} 

Barium 105 60 60 1,750 1,750 
Manganese 5.36E+02 50 180 1.07E+04 2.98E+03 
Neptunium-237 2.36E-04 5 55 4.72E-02 4.29E-03 
Plutonium-238 1.76E-09 550 5,100 3.20E"09 3.45E-1O 
Plutonium-240 1.23E-07 550 5,100 2.24E-07 2.4lE-08 
l'echnetium-99 3.78Ec05 0.1 1 3.78E-Ol 3.78E-02 
Thorium-228 1.61E-09 3,200 5,800 5.03E-1O 2.78E-W 
Thorium-230 6.75E-05 3,200 5,800 2.llE-05 1. 16E-05 
Thorium-232 1.24E+Ol 3,200 5,800 3.88E+00 2.14E+00 
Uranium (total) 3. 16E+00 15 1,600 2.11IE+02 1.98E+00 

For'organic compounds. K.J values were calculated'using foc values of 0.0002 and 0.00 I for sand and clay, respectively. 

Summary of Previous RemedialActions 

No previous remedial actions have occurred at this site. 

3.2.7.3 SWMU 136 - TCE Spill Site 

Location 

The TCE Spill Site is a small rectangular area, approximately 5 x 2 m (15 x 6 ft); located in the 
southwest comer of ,the PGDP within the plant security fence. It is situated at the northwest comer of a 
concrete pad at the northeastern edge of the C-740 Material Yard (Fig. 3.47). 

Setting 

The following subheadings provide information on the setting of SWMU 136, induding geologyl 
hydrogeology, surface features and surface-water hydrology, transportation, floodplains, wetlands, soils 
and prime farmland, biological resources, and cultural resources. 

Geology/Hydrogeology 

Five soil borings and three monitoring wells were drilled at SWMU 136 (Fig. 3.47). The following 
,lithologies were encountered beneath the unit, in order of increasing depth: 

• Fill material, composed of chert gravel and sand, was found over the entire site at depths up to,0.8 m 
(2.5 ft) bgs. 
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• Loess deposits are ,present in all soiJI borings and' monitoring wells at the site and range in thickness • 
from 3.5 to 4.8 m (U.5 to 15.7 ft). 

• Upper Continental Deposits. consisting of up to 15 m (50 ft) of interbedded gravel. sand. clay, and 
silt. are present between 4 to 20 m (13.5 to 65 ft) ;bgs. An 8-m (25-ft) thick aquitard, consisting of 
clay interbedded with thin silt and sandi lenses, was encountered at the base of the Upper Continental 
Deposits inMWs 325and~326. 

• Lower Continental Deposits are present :beneath the unit at depths between 20 to 27 m (65 and 90 ft) 
bgs. None of the borings or monitoring wells at SWMU 136 penetrated the full thickness of the RGA. 

SWMU 136 is 'located north of the Porters Creek Clay Terrace where the Porters Creek Clay is 
absent. None of the soil borings or monitoring wells at this unit were drilled to ,the McNairy Formation. 
Figure 3.48 provides a geologic cross section of this SWMU. 

According to water level measurements taken July 15, 1994. the depth to the UCRS piezometric 
surface at SWMU 136 is approximately 1 m ~3.29 ft) bgs at MW304. This well was screened from 
approximately 5 to 8 m (16 to 26 ft) bgs. The depth to water in the two upper RGA wells (MW s 325.and 
326) was approximately 12.5 m (41 ft)bgs, or 10'1 m(332 ft).amsl. 

Surface features and l surface-water hydrology. The .ground surface at SWMU li36 is fail'ly level 
and: ranges in elevation from approximately 113 to 1i14 m (371 to 374 ft) amsl. The 'FCE Spill Site is 
situated on the western edge of the northwest comer of the concrete pad. A 53-cm (21-in.) thick layer of 
compacted gravel covers the ground! surface west and south of the pad, and the shallow depression created 
by excavation of the gravel area adjacent to the pad is covered by plastic sheeting. There are a few cracks 
present in the concrete pad in the area where the spin occurred. Two shallow depressions are located to 
the south and southwest in the C-740 Material Yard. No surface watel' is present at the site. The nearest 
surface-water body is Bayou Creek, located approximately 457 m (1 ,500:ft). southwest of the unit. Runoff 
from SWMU 136 discharges to Bayou Creek via KPDES Outfall 008. 

Transportation. Transportation in the vicinity of SWMU 136 consists of PGDP personnel 
performing day-to-day activities and is confined to paved or gravel roads. 

Wetlands. No wetlands have been identified in the vicinity of SWMU 136 (COM Federal 1994). 

Floodplains. No 100-year floodplains are adjacent to SWMU 136~ 

Soils and prime farmland. Historically . soils within· the impacted area of SWMU 136 are Calloway 
silt loam, 0% to 2% slope; Grenada siItloam, 6% to 12% slopes; and Fallaya-Collinssilt Iloam. However. 
the soils associated with these areas have been disturbed by past activities decreasing the likelihood i that 
any of these areas are prime farmland. 

Biological resources. Vegetation inside the fence is mown grass providing very little to no wildlife 
habitat. No potential habitats for federally 'listed or proposed for listing T &E species are present within 
the fence (COM Federal 1994). 

Cultural resources. Due to previous. disturbance and a lack of notable structural features, it is 
unlikely any important cultural resources are present in the vicinity of this SWMU. 
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Manu/acturingfl'SD Processes 

The C-740 Material Yard is an active storage yard that has been used since the early 1970s for 
storing various scrap metal and drums. In May 1990. a 55-gal drum stored on the concrete pad was found 
to have leaked TCE onto the pad and into the adjacent gravel and soiJI. 

Summary of Previous Investigations 

Site investigations/remedial investigations. In 1994, the DOE conducted an RFI for the SWMUs 
in WAGs 1 and 7 and nearby KOW facility (SWMUs 94, 95, and 157) ,to determine the nature and extent 
of contamination (nOE 1996e and 1996f). As part of this investigation, five soil borings and three 
monitoring wells were drilled at SWMU 136; total depths of the borings ranged from 8 to 27 m (26.5 ft to 
90 ft) bgs. Two groundwater monitoring wells were installed. developed, and sampled at the SWMU during 
the RI activities. MWs 325 and 326 are screened within the RGA. 

Additional data sources. Groundwater elevation data are currently conducted on a monthly basis 
for MW325, and on an annual basis from MW326. Groundwater sampling and analysis for chemical 
compounds currently is not being conducted at this site (BIC 1998a). 

Conceptual Site Model 

The TCE Spill Site may have residual TCE remaining in the soil. The potentially contaminated soil 
may have leached contaminants to groundwater. There is no surface water or sediment at the site. 
Probable pathways from sources to receptors are depicted in Fig. 3.49. 

• 

The only current exposure is to the industrial worker. A current worker at the TCE Spill Site could • 
be exposed to soil by inhalation of volatiles and particulates, ingestion, dermal contact, or external 
exposure. These are the exposure routes .that are quantitatively evaluated for current industrial' workers. 
Potential future receptors at the 'FCE Spill Site are an industrial worker, excavation worker, rural 
resident, and recreational user. A future worker at the 'FCE Spill Site could be exposed to soil and 
groundwater. Ingestion of soil and groundwater. dermal contact with soil and groundwater, inhalation of 
volatiles and particulates emitted from the soil, inhalation of volatiles in groundwater, and external 
exposure to soil are exposure routes that are viable exposure pathways for a future worker. 

A future excavation worker at the TCE Spill Site could be exposed to soil by ingestion, dermal contact, 
inhalation, or external exposure. These are the viable exposure pathways for a future excavation worker. 

A future resident living at the TCE Spill Site could be exposed to soil, vegetables, and groundwater. 
Ingestion of soil, vegetables, and groundwater; dermal contact with soil and groundwater; inhalation of 
soil and groundwater; and external exposure .to soil are viable exposure routes for a future resident. 
Inhalation of contaminants in soil is considered a likely exposure route because a garden with exposed 
soil is .assumed to be present. 

The TCE Spill Site is very small and does not contain sediment or surface water. Therefore the only 
recreational pathway considered viable is the consumption of venison (DOE ,1996e). 

Nature and Extent 0/ Contamination 

Results ofthe RI conducted at SWMU 136, the TCE Spill Site, indicate that several organic contaminants 
are present above background ,levels in soil' and groundwater at the unit. Soil samples from SWMU 136 
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were found to contain low levels ofVOCs (TCE, 1,I-DCE, 1,1.1-TCA, and 1,2-DCA) and several PAHs. • 
Groundwater samples at the unit also contained' organic contaminants. l'he maximum concentration of 
TCE in groundwater was detected in a VCRS hydraulic probe sample collected from soil: boring 36-SB-004 
at 442 IlgIL. The highest 'FCE,concentration observed in the RGA wells at the unit (110 IlgfL) was detected 
in a sample from a downgradient well (MW325). Another organic compound detected ,in !thegroundwater 
samples was 1.1,I-TCA (4,4721l'g/L),which was detected in a VCRS temporary weUsample, but was not 
detected' at concentrations above 5 Ilg/Lin samples from the adjacent VCRS monitoring well (MW304). 

Soil and groundwater samples were also found to contain metals andradionuclidesat levels above 
background. FoUl: metals [antimony (l'.7 mg/kg), chromium (29mg/kg), bacium (439 mg!kg), and mercury 
(3.2 mg/kg)] were detected above background concentrations in soils at the unit. Several metals were 
detected above background levels in groundwater. Samples from VCRS MW304 contained iron, 
manganese, silver, zinc, sodium, and aluminum above background concentrations. Groundwater samples 
collected! from the RGA wells contained barium, manganese, and zinc above background levels. The 
radionuclide 99.yc was found above background values in the samples collected from all three monitoring 
wells at the unit. The levels of~c ranged from 1.27 to 12.2:1 pCiIL. 

The observed contamination in soil and groundwater: at the unit indicates that the spill site is a !likely 
source of organic contamination. TCE and other chlocinated hydrocarbons have migrated below the water 
table at the unit into the VCRS and the RGA, leaving residual contamination in the surface and subsurlace 
soils at the unit. However, the low concentrations of 'FCE detected in groundwater samples at the unit do 
not indicate the presence of DNAPL. The areal extent of the organic and metals contamination at the unit 
has been estimated as approximately 17.7 m2 (19(i) ft2). according to the WAGs 1 and 7 FS (DOE 1996d). 

Contaminant Fate and Transport 

Probable release mechanisms and exposure pathways at the TCE Spill Site include groundwater 
contamination by leaching of contaminants in subsurface soil, and surface-water runoff transporting 
contaminants and contaminated sediments off-site (DOE 1996e). The Summers Model was applied to 
several l COPCs as identified by the WAGs 1 and 7 RI to simulate subsurface migration of contaminants 
from the soilmatcix (i.e., landfill leachate). A summary of Summers Modeling results for the TCE Spill 
Site are provided in Tabl'e 3.52. 

Table 3.52. Summary of Summers Modeling results for the TeE Spill Site (SWMU 136) 

Cs (95UCL) K.J (sandy soil) K.J (clayey soil) Cp(sandy soil) Cp (clayey soil) 
Constituent (mWkg) (L/kg) (Llkg) {(!wL} {(!WL} 

Technetium-99 3.53E-05 0.1 'I 3.S3E-0'1' 3.S3E-02 
Uranium (total) 2.24E+OO IS 1,600 1.49E+02 1.40E+00 
1,l-Dichloroethene 4.90E-03 1.6E-02 S~OE-02 3.06E+02 6.1!3E+OI 
Benzo( a)pyrene 2.0SE-OI 1,100 S,SOO l.S9E-01 3.7SE-02 
Trichloroethene 4.S9E-03 4.2SE-02 2.14E-OI 1.07E+02 2.Jl4E+OI 
I, I, 'I-Trichloroethane 3.91E-02 0.03 0.IS2 1.30E+03 2.S7E+02 

Summary of Previous Remedial Actions 

• 

Subsequent to the discovery of the leaking TCE container in May f990; TCE-contaminated soils 
were excavated frama 5 x 2 m (15 x 6 ft) area, down to a depth of 1 m (3 ft). SoH samples taken from the 
excavation in October 1990 had TCE concentrations as ihigh as 21,000 Ilg/kg at the base of the '. 
excavation pit, indicating that TCE-contaminated soi'ls had not been completely removed. 
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3.2.7.4 SWMUs 130 through 134 - C-611 Underground Storage 'f,anks 

Location 

The C-'611 USTs are located southwest of the PODP in the vicinity of the C-611 WTP, west of Bayou 
Creek (Fig. 3.50). The SWMUs 130 through 134 include· the following lISTs, all currently inactive: 

• SWMU 130 is a 2,082.0-liter (550-gal) gasoline UST located at the western side of the C-611 WTP. 
The UST is presently inactive. It was reportedly used from approximately 1942 to 1945 in support 
of KOW operations. Its contents were sampled'during the RFIIIH 

• SWMU 131 is a 1 89-liter (50-gal) gasoline UST reportedly located at the eastern side of the storage 
shed, on the eastern side of the C-611 WTParea. This small UST was believedrlo have been used 
from 1942 to 1945 at the former K0W site, A magnetometer survey was conducted fort he RFIlRI to 
assist in locating this.lJST, but efforts to locate SWMU 131 during the RFIlRI were unsuccessful. It 
is possible that this UST never existed. 

• SWMV 132 is a 7,571-liter(2,OOO-gal) fuel oil tank located on ,the northern side of the C-611-H 
WTP Building. It was used from approximately ,1942 to 1955, initially as part of the KOW and later 
in support of PODP activities. It was filled with sand and abandoned in-place. 

• SWMlI 133 ,is a diesel fuel tank of unknown capacity located south of the C-61i 1 WTP. The years of 
operation are unknown, but it was,reportedly ,used in support of KOW operations and is known to have 
been taken out of service sometime priorto 1975. It has been filled with grout and abandoned in-place. 

• SWMU 134 is a 3,785 I (1,000 gal) diesel fuel UST ,located southeast of the C-611 WTP. This UST 
is currently inactive. The dates of operation are unknown, but it was taken out of service by 1975. 

Setting 

~he following subheadings provide information on the setting ofSWMUs 130-134, including geology! 
hydrogeology, surface features and surface-water hydrology, transportation, floodplains, wetlands, soils 
and: prime farmland, biological resources, and cultural resources. 

Geology/Hydrogeology 

Five soil borings and two monitoring wells were drilled at SWMUs 130 through B4 (Fig. 3.50)during 
the 1994 RI. A cross section illustrating the geology at the C-611 UST site ,is presented in Fig. 3.51. The 
following lithologies were encountered beneath the unit, in order of increasing depth: 

• Fill material, composed of gravel and sand, was present in several borings at thicknesses up to 2 m 
(5 ft). 

• Loess deposits are present in all soil borings and monitoring wells at the site and range in thickness 
from 5 to 6 m (15 to 19 ft). 

-Continental deposits consisting of interlensing gravely clay; sandy gravel; and silty, clayey gravel are 
present at these units from between 5 m (li6.5 ft)hgs to below 14.9 m (49ft) rbgs. The USTs overlie 
the PORers Creek Clay Terrace at the approximate location of the ternce slope, where the slope dips 
to the north-northeast ,relatively steeply at an approximate gradient of '0.11 mlm. In this area the 
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continental deposits have not been differentiated into upper and lower members and are informally • 
referred to as the Terrace Gravel or the Terrace Slope Gravels. The degree of connection between 
the Terrace Gravel and the RGA at the lIST site is unknown, but some amount of underflow from the 
Terrace Gravel to the RGA ,is likely. The UCRS and RGA are not present beneath these SWMUs. 

• Porters Creek Clay was encountered in three soil bmings (30-CB~OOr, 30-SB"001, and 34-SB-001), 
though none of these borings fully penetrated the Porters Creek Clay. The depth to the top of the 
clay varies from 4 m (13 ft) bgs in the westernmost boring 30-CB-001 to 10 m (34 ft) bgs in the 
south-eastem boring 34-SB-001. The two borings (J.l-SB-OOI and 32-SB-OOl) located in the north
northeast portion of the US'F area were drilled to a depth of 14.8 m (48.5 ft) bgs, but due to the steep 
terrace slope in this area, did not encounter the top of the POl71ers Creek Clay. 

The two monitoring wells installed at SWMUs 130 through 134 were screened in the Terrace 
Gravel. According to water level measurements taken July 15, 1994, the depths to shallow water were 
approximately 2.3 m (7.5 ft) bgs at MW318 and 2.8 m (9.32 ft) bgs at MW317. A map of the piezometric 
surface indicates -the groundwater flow direction is to the east, toward Bayou Creek. Figure 3.51 provides a 
geological cross section for the C-6'l il USTs. 

Surface features and surface-water hydrology. The ground surface in the vicinity of the C-61 1 WTP 
gently slopes to the south and east, and ranges in elevation from 112.8 to 121.9 m (370 to 400ft) arnsl. Surface 
features at the site include the C-611-H WTP Building, the C611-C Building to the south, a storage shed to 
the east, and a transformer to the west. In addition, four treatment lagoons are located immediately north of 
the C-611 WTP buildings. The area immediately surrounding the C-611-H and C-611-C buildings is mainly 
gravel-covered except the asphalt- or concrete-paved areas at SWMUs 130 and 131, and the fenced, 
grass-covered area situated between the C-611-H WTP Building and the storage shed to the east. There is • 
surface evidence of three of the USTs (SWMUs 132, 133, and 134) in the form of vent stacks and/or fill pipes. 

No surface water is located within the boundaries of the C-611 UST area. Bayou Creek is located 
approximately 370 m (1,200 ft) east of the area and the unnamed tributary of Bayou Creek is located 
approximately 300 m (1,000 ft) south of the area. Surface runoff from the C-611 UST area is discharged 
via KPOES Outfall 006 to Bayou Creek (OOE 1993a). 

Transportation. The road south of the USTs is owned by the OOE. Traffic on this road consists 
predominantly of recreationalists, PGOPpersonnel, and WKWMA personnel. 

Soils and prime farmland. Historically, soils within the impacted area of the USTs are Calloway 
silt 10am,O% to 2% slope; Grenada silt loam, 6% to 12% slopes; and Fallaya-Collinssilt loam. However, 
the soils associated with these areas :have been disturbed by past activities, decreasing the likelihood that 
any of these areas are prime farmland. 

Wetlands. No wetlands were identified in the vicinity of the USTs during the 1994 COE environmental 
investigation of the POOP (CDM Federal 1994). 

Floodplains. No floodplains were identified in the vicinity of the USTs during the 1994 COE 
environmental investigation of the PGOP (CDM Federal 1994). 

Biological' resources. The majority of the area associated with the USTs has 'been previously 
cleared of vegetation and consists of various grasses including rye grass .(Lolium spp.), fescue (Festuca 
spp.), foxtails (Setaria spp.), and various others not identified due to mowing practices. No potential' !. 
habitat for federally listed or proposed for listing T&E species exists near the USTs (COE 1994). 
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€ultural resources. Due to previous disturbance and a lack of notable structural features,it is 
unlikely any important cultural resources are present in the vicinity of these SWMUs. 

ManufacturingnSD· Processes 

The five USTs were installed adjacent to theC-611 Water Treatment Plant in support of former 
KOW operations. No records of releases from these USTs or their piping are documente& 

Summary of Previous Investigations 

Site investigations/remedial investigations. In 1994. the DOE conducted an RFI for the SWMUs 
in WAGs 1 and 7 and nearby KOW facility (SWMUs 94. 95, and 157) to determine the nature and extent 
of contamination (DOE 1996e and 1996f). As part of this investigation, one soil boring was conducted· 
adjacent to each UST, and sampled l at every 2-m (5-ft) interval. Additionally, surface soil samples were 
collected at each boring location. Shallow groundwater samples were collected from each boring location 
for VOC analysis, and two monitoring wells were installed, developed~ and sampled as part of the 
investigation activities (MWs 317 and 318). Sludge samples were collected from USTs 130 and 134 ~the 
only .units containing measurable quantities of liquid.) 

Additional data sources. Groundwater elevation data currently are conducted on an annual basis 
from the two wells at the site (MWs 317 and 318). Groundwater sampling and analysis for chemical 
compounds currently is not being conducted at this site (BJC 1998a). 

Conceptual Site Model 

All of these SWMUs are USTs. 'Fhe soil above these tanks could have been contaminated when the 
tanks were filled. In addition; material leaking from the tanks could have contaminated the groundwater 
below the unit. 

The only current exposure scenario at each of these units is for an industrial worker. A current worker 
at the USTs could be exposed to soil by ingestion, dermal' contact, inhalation, and ,external' exposure. 

Potential future receptors at the USTsare an industrial worker, excavation worker, rural resident, . 
and recreational user. A future worker at the USTs could be exposed to soil and groundwater. Ingestion 
of soil and' groundwater, dermal contact with soH and groundwater. inhalation of volatiles in 
groundwater; inhalation of volatiles and particulates emitted from soil; and external' exposure to soil are 
viable exposure routes for a future worker. Inhalation of volatiles and particulates is not considered 
because the SWMU is likely to remain grass-covered under future industrial use. 

A future excavation worker at the USTs could be exposed to soil by ingestion. dermal contact, 
inhalation, or external exposure. These are the viable exposure routes for a future excavation worker. 

A future resident living at the USTs. could .be exposed to soil, groundwater, and vegetables. Ingestion 
of soil. vegetables. and groundwater; dermal contact with soil and groundwater; inhalation of soil and 
groundwater; and external exposure to soil are viable exposure routes for a future resident. Inhalation of 
contaminants in soil is considered a likely exposure route because a garden with exposed soil is assumed 
to be present. 

A future recreational user visiting the USTs could be exposed ·to venison. The sites are small and 
there is no surface waterthat would make the area attractive for recreation. In addition, deer could forage in 
the area. Consumption of venison is a viable exposure route for a future recreational user (DOE 1996e). 
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Nature and Extent of Contamination 

A sample was collected from the .tank residuals of both SWMUs 130 and 134. The location of 
SWMU 131 could not be determined, and SWMUs 1'32 and 133 had been filled with sand and grout, 
respectively. Both samples contained lead· and BTEX as well as other VOCs and PAHs associated with 
petroleum products. Low levels of lead, VOCs,and PAHs also were detected in soil samples fromthe C-611 
UST area. The only VOC detected was l,4-dichlorobenzene (31lg/L), which was detected in groundwater 
samples collected from MW3n, the downgradient (eastern) shallow monitor well. The only PAH 
detected was naphthalene (701lg/L), and: it was found in the well upgradient of the site (MW31'8). Lead, the 
only metal for which analysis was completed in the two monitoring wells, was not detected in groundwater. 

Low levels of radionuclides, including 235U, 238U• 237Np, 22~h, 23~h. ~c, and 238Pu. were detected 
in soil and groundwater samples collected in the area. No radionuclides were detected above background 
levels in the UST liquids. The presence of these radionuclides in soils and groundwater likely is unrelated to 
any of the USTs, but the presence more likely is the result of plant-wide activities. The organic and lead 
contamination observed at SWMUs 130, 132, 133. and 134 appears to be limited in areal extent [35.3 m~ 
(380fe)] and may be indicative of past gasoline, diesel, or fuel-oil spills in the area. 

Contaminant Fate and Transport 

Probable release mechanisms and exposure pathways at the C-611 USTs include groundwater 
contamination by leaching of contaminants in ·subsurface soil. and surface-water runoff transporting 
contaminants and contaminated' sediments off-site (DOE 1996d~. The Summers Model was appiied to 
several COPCs as identified by the WAGs 1 and 7 RI to simulate subsurface migration of contaminants 
from the soil matrix (i.e .• landfill leachate). A summary of Summers Modeling results for the C-611 
USTs are provided in Table 3.53. 

Table 3.53. Summary of Summers Modeling results forlhe C-611 USTs (SWMU 130-134) 

Cs (95UCL) Kct (sandy soil) Kct (clayey soil) Cp(sandy soil) Cp. (clayey soil) 
Constituent ~mw'k2) (L./kg) (Ukg) {f!g/q {f!g/L! 

SWMU 130 
Uranium (total) 2.84 15 1.600 1. 89E+02 1.78E+00 

SWMU 131 
Uranium (total) 2.79 15 1.600 1.86E+02 1.74E+00 

SWMU 132 
Technetium-99 4.05E-05 0.1 I 4.05E-Ol 4;05E-02 
Uranium (total) 3.31 15 1.600 2.21E+02 2.07E+00 

SWMU 133 
Benzo(a)pyrene 2.06 1.100 5,500 1.87 3.75E-Ol 
Technetium-99 5.50E-05 0.1 ,I 5.50E-Ol 5.50E-02 
Uranium Hotal) 4.03 15 1,600 2:69E+02 2.52E+00 

SWMU 134 
Benzo( a )pyrene 0.208 1,100 5.500 1.89E-Ol 3.78E-02 
Neptunium-237 8.13E-05 5 55 1.63E-02 1.48E-03 
Plutonium-238 1.17£-08 550 5,100 2. 13E-08 2.29E-09 
Technetium-99 3.94E-05 0.1 I 3.94E-Ol 3.94E-02 
Ifhorium-228 2.31'£-09 3,200 5,800 7.22E-I0 3.98E-1O 
Ifhorium-230 4.59E-05 3,200 5,800 1.43E~05 7.9lE-06 
Thorium-232 22.6 3,200 5,800 7.06 3.9 
Uranium (total) 2.84 1'5 1,600 1. 89E+02 1.78E+00 
For organic compounds. K.J values werecaIculated using f.lC values of 0.0002 and 0;001 for sand and clay, respectively. 
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Summary of Previous Remedial Actions 

No previous remedial actions have occurred at this site. 

3.2.705 SWMU 38 - C-61SSewage Treatment Plant 

Location 

~he C-615 Sewage Treatment Plant is located inthe southwestern quadrant of the PGDP, inside the 
security fence. The unit has been operated for the treatment of PGDP sanitary sewage since 1951. The 
,treatment plant includes settling basins, a sludge digester, a trickling filter, and concrete-lined sludge 
drying beds (Fig. 3.52). 

Setting 

The following subheadings provide infonnation on the setting of SWMU 38, includinggeologyl 
hydrogeology, surface features and surface-water hydrology, transportation, floodplains, wetlands, soils 
and prime farmland, biological resources, and cultural resources. 

Geology/Hydrogeology 

Nine soil borings and, four monitoring well borings were drilled at the unit during the 1994 RI. A 
cross section illustrating the geology at the C-615 Sewage Treatment Plant site is presented in Fig. 3.53. 
The following lithologies were encountered! beneath the unit, in: order of increasing depth: 

• Fill material, composed of clayey silt and gravel with a minor sand component, was reported in most 
borings at thicknesses up to 2.3 m (7.6 ft). 

• Loess deposits are present in all soil borings and monitoring wells at the site and range in thickness 
from 2.1 to 4.3 m (7 to 14 ft). 

o Continental deposits consisting of interbedded gravely sand; clayey sand; and silty, to sandy clay are 
present at these units from between 2.3 m(6.5 ft) bgs to below 18 m (52 ft)bgs. The first encountered 
water bearing stratum is the gravelly sand; of the upper continental deposits (i.e., UCRS) at an approximate 
depth of 3 t06 in (10 to 20 ft) bgs, deposited above the clay aquitard. The gray clay aquitard was 
encountered near the base of the upper continental deposits. Lower continental, deposits (i.e., RGA~ were 
encountered at depths of 16 to 22 m (45 to 62 ft) bgs in some borings, with a thickness ·of approximately 
3.5 to 10.5 m (10 to 30 ft). ifhe unit lithology consisted of moderate- to well-sorted course sandy gravel, 

• Porters Creek Clay was encountered in the southem,.most of the nine soil borings at a depth of 29 m 
(94 ft).The clay was noted as micaceous, dry, and dark-greenish/gray in color. 

One monitoring well was installed in the upper continental deposits (MW3 i16). A July 1'994 
sampling event indicated a shallow groundwater depth of 2.3, m (7.58 ft) below the ,top of the casing. 
Horizontal, hydraulic gradients in the UCRShave not been determined. The three wells constructed in the 
RGA were screened in sandy gravel deposits. Depth to groundwater ranged 10.3 to '125m(33.63 to 41.11 ft) 
from the top of the well casing. Groundwater flow direction in the vicinity of SWMU 38 appears to be 
toward the north to northwest. The measured hydraulic gradient is small «0.001 rnIm), and flow direction 

• may vary seasonally (DOE Il996f). Figure 3.53 depicts the geologic cross section at SWMU 38. 
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Surface features and surface-water hydrology. The Sewage Treatment Plant is located in the • 
southwestern portion of the facility, within the PODP securiiy fence. The surface topography at the unit . 
ranges from 110 to 114 m (360 to 375 ft) .amsl. An eastward flowing drainage ditch exists in the southem 
portion of SWMU 38, and a northward flowing drainage ditch exists along the westem portion. An east-
west trending topographic low is present in the northern third ·of the unit. Most surface water at SWMU 
38 probably drains to this topographic low or to either of the two drainage ditches. Bayou Creek is 
apprmdmately 305 m (1000 ft) west of the unit. 

Transportation. Transportation in the vicinity of SWMU 38 consists ofPGDP personnel performing 
day-to-day activities and is confined to paved or gravel roads. 

Wetlands; No wetlands have been identified in drainage areas adjacent to SWMU 38 (CDM Federal 
1994). 

Floodplains. No IOO-year floodplains are adjacent to SWMU 3S. 

Soils and prime farmland. Historically, soils within the impacted area of SWMU 100 are Calloway 
silt loam, 0% to 2% slope; Grenada siltloam, 6% to 12% slopes; and Fallaya-Collins silt loam. However, 
the soils associated with these areas have been disturbed hypast activities, decreasing the likelihood that 
any of these areas are prime farmland. 

Biological resources. Vegetation inside. the fence is mown grass providing very little to no wildlife 
habitat. No potential habitats for federally listed or proposed for listing T &E species are present within 
the fence (CDM Federal 1994). 

Cultural resources. 'Due to previous disturbance and a lack of notable structural features, it is 
unlikely any important cultural resources are present in the vicinity of this SWMU. 

ManujacturingnSD Processes 

Sewage is transported to and from the plant by vitrified clay piping. Much of the equipment was 
moved to this site from the former KOW Sewage Treatment Plant after closure of the KOW in 1945. The 
Sewage Treatment Plant accepts most plant sanitary waste with the exception of laboratory waste 
generated from various types of analytical testing associated with normal plant operations. Raw sewage 
enters the primary settling basin where solids are precipitated and collected. Overflow from the settling 
basins then passes through the stone trickling filter into the secondary settling tank. In the past, influent 
was occasionally bypassed from the outfall ditches to Bayou Creek, but this practice has been eliminated 
from current operating procedures. Effluent from the secondary settling tank is discharged to Bayou 
Creek,through KPDES Outfall OOS (DOE 1993a; DOE 1996e). 

Currently the sludge from both settling tanks and trickling filter is sent to the digester, but in the past 
it was sent to the sludge drying beds. The sludge currently contained in the sludge drying beds was 
deposited before 1990; this sludge has not been removed due to relatively high levels of PCBs and 
radionuclides detected in sludge samples (CH2M HILL 1992). Currently the sludge generated by the 
sludge digester is drummed and stored in the waste management area. In the past,it was used as fertilizer 
and construction fill material. 

Summary of Previous Investigations 

Site investigations/remedial investigations. Limited sampling of the plant effluent, sludge surface-water, 
and sediment samples at the point of discharge has been conducted during ,previous investigative activities. 
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Effluent samples collected and analyzed by the PGDP have not detected the presence of any <contaminants . 
In addition, no PCBs and no radioactive contamination above background were detected in the surface-water 
and sediment samples collected during the Phase II SI (CH2M I-llLL 1992). 

The sludge from the drying beds was sampled during previous investigations and found to contain 
detectable levels of VOCs, PAHs, PCBs, metals, and radionuclides (including uranium and ~c. 
Radiation readings in excess of 300 counts per minute, which is approximately 220 to 250 counts per 
minute above background have been recorded from the sludge (DOE 1996e). 

In <1'994, the DOE conducted an RFI for the SWMUs in WAGs 1 and! 7 and nearby KOW facility 
(SWMUs 94, 95, and 157) to determine the nature and extent of contamination (DOE 1996e and 1996f). 
As part of this investigation, nine soil borings and four monitoring wells were installed, developed and 
sampled during the investigation (MW316, MWs 327 through 329). Total depths of the soil borings and 
monitoring wells ranged from 4.4 to 29.3 m (14.5 to 96ft) bgs. One of the four monitoring wells (MW316) 
was completed~ in the UCRS; the remaining wells were installed into the RGA (MW s 327 through 329). 

In addition to soil andl groundwater sampling, three treatment plant influent water samples and three 
effluent samples were collected during RI activities fOl~ the purpose of source characterization. The 
influent samples were collected from the 30-cm (12-in.) diameter influent line located east of the <primary 
settling tank. The effluent samples were collected from the manhole upstream from KPOES Outfall '008. 

Additional data sources. Groundwater elevation data currently are conducted on an annual basis from 
the UCRS monitoring well at the <site (MW316); monthly groundwater elevation data are collected from 
one of the RGA wells (MW327). Quarterly groundwater sampling/analysis is conducted for MWs 328 
and 329. Groundwater samples are analyzed for water quality parameters, VOCs, and radionuclides as part 
ofthe DOE's Environmental Surveillance Quarterly Monitoring Program.(BJC 1998a). 

Effluent from SWMU 38 is discharged through PGOP Outfall 004, which is operated by United 
States Enrichment Corporation. Grab samples of effluent at Outfall 004 are collected on a monthly basis 
and analyzed for select VOCs, metals, and radionuc1ides. 

Conceptual Site Model 

The Sewage Treatment Plant receives influent from the P6DP. The sewage is dded in basins and 
disposed of in drums, and the wastewater is discharged to Bayou Creek. Historic overflow and current 
leaching <of sludge could have contaminated the soil surrounding the Sewage Treatment Plant, surface 
water and sediment in the ditches near the plant, and groundwater underneath the plant. 

The exposure assessment evaluated in the Rl ~DOE 1996e }concluded that there are three specific areas 
that should be evaluated at SWMU 38; the two ditches (designated as 38a and 38b), and soil and groundwater 
(designated 38c). Soil and groundwater exposure are combined as they comprised the rest ofthe unit. 

The only current exposure is to the industrial worker. A current worker at the Sewage Treatment 
Plant could be exposed to soil, sediment, and surface water. Ingestion of soil and sediment; dermal contact 
with soil, sediment and surface water; inhalation of volatiles and particulates emitted from soil and 
sediment; and external ,exposure to soil and sediment are viable exposure routes for a current worker. 

Potential future exposure at the Sewage Treatment Plant could' be to an industrial worker, excavation 
worker, rural resident, and' recreational user. A future worker at the Sewage Treatment Plan could be 
<exposed to soil, sediment, surface water and groundwater. Ingestion of soil, sediment, and groundwater; 
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dennal contact with soil, sediment, surface water, and groundwater; inhalation of groundwater; inhalation of • 
volatiles and particulates emitted' from soil and sediment; and external exposure to soil and sediment are . 
viable exposure routes for the future worker. 

A future excavation worker at the Sewage Treatment Plant could be exposed to soil or sediment by 
ingestion, dermal.contact, inhalation, or external exposure. These are the viable exposure routes for a 
future excavation worker. 

A future rural resident living at the site, after decommissioning and dismantling of the Sewage 
Treatment Plant, could be exposed to soil, groundwater, and vegetables. Ingestion of soil, vegetables, and 
groundwater; dermal contact with soil and groundwater; inhalation of soil and groundwater; and external 
exposure to soil are viable exposure routes for a future resident. Inhalation of contaminants emitted by 
soil is considered a likely route of exposure because a garden with exposed soil is assumed to be present. 

A future recreational ,user visiting the site, after decommissioning and dismantling of the Sewage 
Treatment Plant, could be exposed to sediment, venison, and surface water. Ingestion of sediment and 
venison; dermal contact with sediment and surface water; inhalation of particulates and! vapors emitted 
from sediment; and external exposure to sediment are viable exposure routes for a future recreational 
user (DOE 1996e). 

Nature and Extent of Contamination 

Organics. Low levels (> 15 ~glkg) of the compounds 2-butanone. 2~hexanone, and 4-methyl-2-pentanone 
were detected in the duplicate sample collected at 38-SB-004 [3 to 5 m (9 to 14 ft) depth interval], but 
were not detected in the primary sample; these hits are suspected of being laboratory contamination . 
Toluene was the only other VOC detected in SWMV 38 soils. Toluene was observed at concentrations 
up to 93 ~glg in the subsurface soil sample 38-SB-OO 1, which is adjacent to the sludge digester. 

Low levels of P AHs were detected in six surface and one subsurface sample (at the 0.3 to 1.5 m, 1 to 
5 ft, depth interval!). The relatively widespread occurrence of PAHs in the surface soils at SWMU 38 
indicates that the P AH contamination may be ubiquitous in the area as a result of PGnp and TV A coal-fired 
combustion operations. PAHs are common components of coal tar and smoke fromthe burning of coal. 

Measurable levels of PCBs were detected in the shallow soils from the two borings closest to the 
sludge drying beds (38-SB-004 and 38-SB-O(7). Aroclor-1254 was detected at a concentration of 1648 ~glkg 
in the sample collected from a depth of 0.3 m (l ft) bgs at 38-SB-007, and Aroclor-1260 was detected at a 
concentration of 152 ~g/kg in the surface soil sample collected from 38-S0-004. Aroclor-1254 was 
detected in the sludge sample collected for the Phase II SI at a concentration of 260 '~glkg, as well as in 
the sludge sample collected for the RI (2892 ~glkg). 

The groundwater sample collected from MW316, installed in the VCRS, showed no organic 
contamination. Trace amounts of TeE « 1 ~gIL) were detected in ,the groundwater screening samples 
collected from temporary wells 38-HP-003 and 38-HP-005 installed for the RI. Trans-l,2-DeE, a 
biodegradation product of TCE, was detected in .trace amounts in temporary wells 38-HP-004 and 38-HP-006. 
TeE was not detected in any other media sampled at SWMU 38 during the RI. Trace concentrations of 
TeE « 1 ~gIL) were detected in MW328. No other organic chemicals were detected in the three RGA 
monitoring wells (MWs 327 through 329) installed in the vicinity of SWMU 38 during the R:1. 

• 

Inorganics. Metals in soil were detected above background levels at all soil boring locations during • 
the RL The 5 to 7 m (14 to [19 ft)depth interval: of soil boring 38-SB-006 contained the most metals at 

00'00 I (doc )/08240 I 3-196 



• 

• 

• 

levels above background. Contaminants detected included cadmium (2.9 mglkg), chromium (165 mglkg), 
copper (5(H mglkg), lead (l91niglkg), selenium (2.8 mglkg), silver (22.2 mglkg), and zinc (389 mglkg). 
The metals detected in sample 38-SB-006 may :be associated with operation of the sludge drying beds 
since some of these metals also were detected in sludge samples; however, soils above 5 m 04 ft)bgs in 
the boring had none of the previous identified metals at levels above background. 

Mercury was detected! considerably above background levels (> 75 times background) in the sample 
collected from the 3-to 5-m (10- to 15-ft) depth interval of soil boring 38-SB-003. Also at this location, 
mercury was detected in the surface soil at a concentration 1,8 times background. Soil boring 38-SB-003 
is located east of the settling tanks and adjacent to ·the influent line. Mercury was detected in influent and 
sludge samples and, therefore, is believed to be related to the operations conducted in the vicinity of the 
settling tanks. Because mercury was detected above background from different locations and depths, it 
appears to be limited; and sporadic in distribution. 

Aluminum, iron. manganese. and zinc were aU detected above background levels in the groundwater 
sample collected from the monitoring well installed in the VCRS at SWMU 38 (MW316). The high 
concentration of aluminum may represent natural variation in aluminum concentration in groundwater, or it 
may be ,related to colloidal ,particles being mobilized during sampling that are not mobile under ambient 
low conditions. These metals were also detected in influent and sludge samples.collected from this SWMU. 

The groundwater sample collected from the RGA monitoring well located closesi'tothe unit ~MW327) 
showed only manganese above background concentrations. and not other inorganic or radionuclide 
contaminants. The concentration of manganese was 2,030 Jlg/L. It is not believed that manganese is 
considered' to be related to the activities at SWMU 38. Manganese was detected substantially above 
background ·in MWs 328 and 329 (> 1.900mg/L). 

Radionuclides. All radionuclides analyzed for at SWMU 38 were detected at low levels « 20 pCi/g) 
throughout ,the SWMU. The widespread distribution of!low concentrations ofradionuclides indicates that 
these are not a result of a one-time release. but have accumulated 'because of daily plant-wide activities 
over an extended period of time. The higher levels of activity were detected in samples collected from the 
borings located closest to the sludge drying beds. indicating that the sludge drying beds are a potential 
source for the detected radionuclides. 

.. . '18"8 '1' '14 '18 Some radlOnuchdes (gross alpha, gross beta. -- Pu, -- Th. --"Th. -- U. -- U) were detected! at low 
activities in shallow groundwater at SWMU 38. Techetium-99 activity was slightly elevated (46.7 pCiIL). 
Technetium-99 activity was measured at 98.9 pCi/g in the sludge sample collected from the drying beds, 
so it may be possible that the sludge is.a source of the 99Tc contamination. Low levels of 9~C « 6 pCiIl.) 
were detected in each of the three Sewage Treatment Plant influent and in one confirmation sample. 

Techetium-99 was detected at very low activities slightly above background in the two RGA 
monitoring wells furthest from SWMU 38 (MWs 328 and 329). Technetium-99 is not considered a 
COPC at such low levels. 

Contaminant Fate and Transport 

Probable release mechanisms and exposure pathways at the C~615 Sewage Treatment Plant include 
groundwater contamination by leaching of contaminants in ·subsurface soil. and surface-water runoff 
transporting contaminants and contaminated sediments off-site (DOE 1996e). The Summers Model was 
applied to several COPCs as identified by the WAGs 1 and 7 RI to simulate subsurface migration of 
contaminants from the soil matrix (i.e~, landfill leachate). A summary of Summers Modeling results for 
the C-615 Sewage Treatment Plant are provided in Table 35:l'. 
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Table 3.54~ Summary ofSummersModelingresuitSifor tbe C·615 Sewage Treatment Plant (SWMU38) 

Cs (95UCL) ~ .(sandy soil) ,~(c1ayey soil) Cp (sandy soil) Cp (clayey soli) 
Constituent (mWkg) ~LIk2) (LIk&) (1!2fLl (1!2fL) 

Barium 63.4 60 60 1057 1057 
Manganese 4.73E+02 50 180 9.46E+03 2.63E+03 
Neptunium-237 1.63E-03 5 55 3.26E-Ol 2.96E-02 
Plutonium-239 1.28E-06 550 5,100 2.33E-06 2.5lE-07 
Plutonium-240 5.27E-07 550 5,100 9.58E-07 1.03E-07 
Technetium-99 7.64E-05 0:'1' I 7.64E~01 7.64E-02 
Thorium-228 1.45E-09 3.200 5,800 4.53E-1O 2.50E-10 
Thorium-230 7.92E-05 3,200 5,800 2.48E-05 1.37E-05 
Thorium-232 1.1 6E+0 I 3,200 5;800 3.63E+00 2.00E+OO 
Uranium (total) 6.65E+OO IS 1,600 4.43E+02 4.16E+OO 
Benzo(a)pyrene 4.82E-OI 1,100 5,500 4.38E-OI 8.76E-02 
Aroclor-1254 9.65E-02 80 400 1.2lE+OO 2.4lE-01 
Aroclor -1260 4.56E-02 400 2,000 1.14E-01 2.28E-02 

K.J values for Aroclor 1254 and Aroclor 1260 derived'from 1<0.: vaJuesof 4 x lOS and 2 x 106
• respectively (Montgomery, 1H. 

and L.M. Welkom. Groundwater Chemicals Desk Reference. Lewis Publishers. 1990) For organic compounds. K.J values were 
calculated,using foc values of 0.0002 and 0:001 for sand and'clay. respectively. 

Summary of Previous Remedial Actions 

No previous remedial actions have been conducted, at this site. 

Summary of WAGs 1 and 7 Risk Assessment 

The summary presented in this section was taken from Resource Conservation and Recovery Act 
Facility Investigation/Remedial Investigation Report for Waste Area Groupings I and 7 (nOE 1996e). 
Specifically, the Executive Summary of the WAGs 1 and 7 BRA contains the pertinent risk information 
that will be repeated here. The purpose of this activity was to determine the presence, nature and extent 
(ifany) of contaminants at each of the units. The investigation focused on source characterization of the 
surrounding soils and the potential impacts of contaminants on adjoining surface waters and groundwater. 
Investigative activities included sampling and analysis of surface and subsurface soils, surface waters, 
and groundwater. The report includes the information necessary to provide definitive conclusions regarding 
contamination and its effect to human health and the environment in the vicinity of the subject SWMUs. 

According to the Executive Summary of the WAGs land 7 BRA: 

In 1994, the U.S. Department of Energy conducted a Resource Conservation and Recovery Act 
Facility Investigation at nine SWMUs (SWMUs) in Waste Area 'Groupings 1 and 7 at the 
Paducah Gaseous Diffusion prant (PGDP) in Paducah, Kentucky. The purpose of this activity 
was to determine the presence, nature, and extent (if any) of contaminants at each of the units. 
The investigation focused on source characterization of the surrounding soils and the potential 
impacts of contaminants on adjoining surface waters and groundwater. Investigative activities 
included sampling and analysis of surface and subsurface soils, surface waters, and groundwater. 

Major conclusions andl observations of the investigation are as follows. 
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Baseline Human Health Risk Assessment 

• The current use scenario, industrial use, has unacceptable systemic toxicity (Hazard Index> I) at 
SWMUs and SWMU areas 8a (i.e., sediment and surface water at SWMU 8), 38a(i.e., sediment and 
surface water at ditch a at SWMU 38), 38b (i.e., sediment and sunace water at ditch at SWMU 38), 
38c (i.e., soil and groundwater at SWMU 38), 1100a (i.e., sediment and surface water at ditch a at 
SWMU 100), and l00b(i.e., sediment and surface water at ditch bat SWMU 1(0)~ 

• The current use scenario, industrial use, has unacceptable excess cancer risk (excess lifetime cancer 
risk> I x 1O~6) at SWMU areas8a, 8b, 38a, 38b, 38c, 100a, l00b, and 100c. 

• The most plausible future use scenario, industrial use,has total systemic toxicity that is unacceptable at 
SWMU areas 8a, 8b, 38a, 38b, 38c, 100a, l00b, and 100c. 

• The most plausible future use scenario, industrial use, has unacceptable excess cancer risk at 
SWMUs orSWMUareas 8a, 8b, 38a, 38b, 38c, 100a, l00b, WOc, and 136. 

Screening Ecological Risk Assessment 

• Threatened and endangered species that may be .present on PGDP in habitat similar to that found at 
the WAGs 1 and 7 sites are vascular plants (4 species), crustaceans (1 specie), fishes (3 species), 
amphibians (2 species), birds (3 species), andl mammals (3 species). 

Table 3.55 presents the SWMU descriptions. Ditches at the SWMUs were separated from the main 
SWMU areas so they could be assessed separately. Table 3.56 presents the land use scenarios ofconcem 
for each SWMU area. Tables 3.57 through 3.66 present the risk results found in Table ES-J through ES-II 
of the WAGs I and 7 BRA. No previous summarization of these tables has been completed that incorporated a 
quantitative uncertainty assessment. The·data necessary to complete such a table are not readily available. 

3.2.8 WAG 23 and SWMU 1 of WAG 27 

WAG 23 includes SWMUs 32, 33, 56,57,74,79,80, and 81, and soils at SWMU I of WAG 27. 
Table 3.67 Iprovides a description of each SWMU. The location ofthese units is depicted in Fig. 3.54. 

The eight SWMUs in WAG 23 are located within the security-fenced~ area of the PGDP, except for 
SWMU 79, which is located within the C-611 Water Treatment Facility fence. These SWMUs have been 
included in the same WAG because they have similar physical .characteristics, past uses, and types of 
contamination. Surface soil contamination at these units is the result of accidental, spills and leaks of oil 
that contained PCBs. At the plant, oil that contains PCBs has been .used in process equipment, 
transformers, capacitors, and other electrical equipment; however, its use is being phased out (Le., use of 
PCBs at the plant is consistent with the TSCAregulation of PCBs). 

SWMU I, which is located within the security-fenced area of the PGDP, previously was used as an 
oil landfarm. ,Contaminated waste oil was placed on the soil' for biodegradation at this unit from ,1975 to 
1979. Some of the waste oil contained, trace quantities of PCBs. Consequently, the surface soil [0 to 0.3 m 
(0 to I fO] of SWMU I was included in this project. SWMU 1 also is a suspected source of TCE 
contamination in the RGA. A detailed discussion of groundwater impacts from SWMU lof WAG 27 is 
included in Sect. 3.2.4. 
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WAG 
I 
I 
I 
I 
I 
I 
I 
I 
I 
7 
7 
7 
7 

Table 3.55. Solid waste management unit descriptions 

SWMU 
38 
38a 
38b 
38c 
100 
100a 
,Ioob 
100c 
136 

13():"'134 
8 
8a 
8b 

Description 
C-615 Sewage Treatment Plant 
Ditch west of site at SWMU 38 
Ditch south of site at SWMU 38 

Soil and groundwater at SWMU 38 
C-206 Fire Training Area 

Ditch east ofthebum areas along 41h Street 
Ditch, west ofthebumarea along the fence 

Soil and groundwater at SWMU 100 
C~740 TCESpiII Site 

l:JSTs at the C-611 Water Treatment Plant 
C-746-K Sanitary Landfill, 

Creek along the landfill 
Soil and groundwater at SWMH 8 

Table .3.56. Land use scenarios of concern for WAGs 1 and I 7 SWMl!1s 

Cur:rent worker 
Area ELCR HI 

8a X X 
8b X 
38a X X 
38b X X 
38e X X 
100a X X 
lOOb X X 
100e X 
130 
131 
132 
133 
B4 
1136 
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Use scenario 
Future worker Excavation. worker 
ELCR HI EI:.CR HI 

X X 
X X 
X X X 
X X 
X X 
X X 
X X 
X X 

X 

3-200 

Recreational! user 
ELCR HI 

X X 
NA NA 
X X 
X X 

NA NA 
X X 
X X 

NA NA 

Rural resident 
,ELCR HIi 

NA NA 
X X 

NA NA 
NA NA 
X X 

NA NA 
NA NA 
X X 

X 
X 
X X 

• 

• 



• Table 3.57~ 'Risk results for WAGs 1 and 7 SWMUs 

Total % Total % l'otal Total % Total % Total 
ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 

Current 5.2 x 1004 As 0.8 Dermal Contact 99.8 5.97 Fe 38.4 Dermal 99.5 
industrial Be 99;0 with Sediment Mn 8.8 Contact with 
worker V 48.9 Sediment 

Future 5.2 x 10-4 As 0,8 Dermal Contact 99.8 5.97 Fe 38.4 Dermal 99.5 
industrial Be 99.0 with Sediment Mn 8.8 Contact with 
worker V 48.9 Sediment 

Future 1.7 x 1,0.6 Be 98.3 Dermal Contact 97.1 0.55 Fe 44..1 Dermal 86.5 
excavation with Sediment V 43.7 Contact with 
worker Sediment 

Future adult 8.4 x 10-4 As 0.9 Ingestion of 0:2 2.03 Fe 38.5 Dermal 99.0 
recreational Be 99.1 Sediment 99.6 Mn 8.8 Contact with 
user Dermal Contact V 48.8 Sediment 

with Sediment 

Future.child NA NA NA NA 14.2 AI 1.6 Ingestion of 1.5 
recreational Be l.l Sediment 97.9 
user Fe 38.7 Dermal 

Mn 8.7 Contact with 
V 48.4 Sediment 

• Future teen NA NA NA NA 9.43 AI 1.6 Ingestion of l.l 
recreational Be l.l Sediment 98.7 
user Fe 38.7 Dermal 

Mn 8.7 Contact with 
V 48.7 Sediment 

Notes: 
NA =ELCR not applicable,to child and teen cohorts. Values for·adult include exposure as,childand'teen. 
Definitions for C0Cs: 
Al aluminum Fe iron 
As arsenic Mn manganese 
Be beryllium V vanadium 

• 
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Table 3.SS.Risk results for WAGs 1 and" SWMUs • Total % Total %l'otal Total % Total % Total 
'ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 

Current 1.6 x 10"" As 6.3 Dermal. Contact 100 2.1' AI 9!OJ Dermal 95.7 
industrial Be 93.8 with Sediment Fe 28.6 Contact with 
worker Mn 26.5 Sediment 

V 28.4 

Future 1.6 x 10;4 As 6.3 Dermal Contact 100 2.1 AI 9.0 Dermal 95.7 
industrial Be 93.8 with Sediment Fe 28.6 Contact with 
worker Mn 26.5 Sediment 

V 28.4 

Future adult 2.6 x 10-4 As 6.5 Ingestion of 0.6 0.7 Fe 29.2 Dermal 96.6 
recreational, Be 93.2 Sediment 99.2 Mn, 27.5 Contact with 
,user Dermal Contact V 28.7 Sediment 

with Sediment 

Future child NA NA NA NA 4.9 AI, 9.2 Dermal 96.3 
recreational As 3.2 Contact with 
user Fe 29.5 Sediment 

Mn 26.8 
V 28.7 

Future teen NA NA NA NA 3.3 AI 9.2 Dermal l 96.9 
recreational As 3.2 Contact with • user Fe 29.4 Sediment 

Mn 27.0 
V 28.8 

Notes 
NA = ELCR not applicable to child and teen cohorts. Values for adult include exposure as child and teen. 
I!>efinitions forCOCs: 
Al aluminum Fe iron 
As arsenic Mn manganese 
Be iberyllium V vanadium, 

• 
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• • • 
0 Table 3.59. Risk results for WAGs 1 and 7 SWMUs 0 

8 
c: Total % Total % Total Total % Total % Total 
IS ELCR COCs ELCR POCs ELCR HI COCs HI PO.Cs HI 
~ Current industrial worker 3.8 x IO-~ BAP 11.6 Ingestion of Soil 6.7 1.67 AI 13.9 Demial Contact wilhSoil 98.8 00 
N As 50.8 Dermal Contact with Soil 61.4 Sb 21.9 .,. 
:: Np-237 7.4 External Exposure from Soil 31.9 As 7.1 

Th-228 13.7 Hg 6.0 
U-235 3.4 V 51.1 
U-238 8.7 

Future industrial worker 4.2 x 10-5 MeCI2 9.3 Ingestion of Soil 6.1 1.94 AI 11.9 Ingestioll of Groulldw:lIer 13.3 
BAP 10.6 Ingestion 9f Groundwater 8.2 Sb 18.8 Dermal Contact with Soil 85.1 
As 46.0 Dermal Contact with Soil 55.7 As 6.1 

Np-237 6.7 External Exposure from Soil 28.9 Mn 10.8 
Th-228 12.4 Hg 5.2 
U-235 3.0 V 44.0 
U-238 7.9 

Future adul.t rural resident 4.1 x 10-3 MeCI2 2.1 Ingestion of Soil 0.6 18.1 MeCI2 1.2 Ingestion of Groiindwater 4.0 
A-1260 2.3 Ingestion of Groundwater 0.5 AI 20.2 Dermal Contact with. Soil 11.3 

BAA 0.7 Dermal Contact with Soil 1.8 Sb 8.6 Consumption of Vegetables Irrigated 3.0 
BAP 6.4 Inhalation of Volatiles in 0.04 As 38.5 with Groundwater 

V.J BBF 0.9 Groundwater while Showering Sa 1.0 Consumption of Vegetables in Soil 81.2 I 
N As 69.6 Inhalation of Volatiles in 0.2 Mn 5.1 0 
V.J Np-237 3.5 Groundwater During Household Use Hg 12.9 

Th-228 3.1 External Exposure froin Soil 2.2 V 12.8 
U,234 3.8 Consumption of Vegetables 1.5 
U-235 0.6 Irrigated with Groundwater 
U-238 6.7 Consumption of Vegetables in Soil 93.3 

Future child rural resident NA NA NA NA 86.7 MeCI2 1.0 Ingestion of Groundwater 2.0 
AI 20.5 Ingestion of Soil 0.7 
Sb 8.9 Dermal Contact with Soil 12.1 
As 390 Consumption of Vegetables Irrigated 3.0 
Ba 0.7 with Groundwater 
Mn 3.5 Consumption of Vegetables in Soil 82.7 
Hg 13.1 
V 13.4 

Notes: NA;: ELCR not applicable to childcotioit. Values for adult include exposure as child. 
Definitions for COCs: 

A-1260 Aroclor 1260 BAP benzo(a)pyrene Np-237 neptunium-237 U-238 uranium-238 
AI aluminum BBF benzo(b)fluoranthene Sb antimony V vanadium 
As arsenic Hg mercury Th-228 thorium-228 
Ba barium MeCI2 methylene chloride U-234 uranium-234 
BAA benz(a)anthracene Mn manganese U-235 uranium-235 



Table 3.60. Risk results,for WAGs 1 and 7 SWMUs • Total % Total % Total Total % Total % Total 
ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 

Current 2.9x104 As 5.5 Dermal Contact 99.6 5.2 AI 5.2 Dermal Contact with 7.4 
industrial Be 94.5 .with Sediment As 1.9 Surface Water 92.2 
worker Ba 2.3 Dermal Contact with 

Cd 5.6 Sediment 
Fe 22.9 

Mn 38.2 
V 23.3 

Future 2:9 x 10-4 As 5.5 !Dermal Contact 99.6 5.2 AI: 5.2 Dermal Contact with 7.4 
industrial Be 94.1 with Sediment As 1'.9' Surface Water 92.2 
worker Ba 2.3 Dermal Contact with 

Cd 5.6 Sediment 
Fe 22.9 
Mn 38.2 
V 23.3 

Future adult 4.6 x ,10:4 As 5.9 Ingestion:of 0.6 1:8 Cd 7:2 Dermal'Contactwith 9.6 
recreational Be 94.1' Sediment 99.3 Fe 22.7 Surface Water 89;6 
user Dermal' Contact Mn 37.4 Derrnal'Contactwith 

with.sediment V 22.8 Sediment 

Future child NA NA NA NA 12.4 AI 5.2 Dermal Contact with 7.3 
recreational As 2.0 Surface Water 1.4 
user Ba 2.3 Ingestion of Sediment 91:1 

Cd 5.5 Dermal Contact with 
Fe 23.2 Sediment 
Mn 38.0 
V 23.1 

,Future' teen NA NA NA NA 8.3 AI 5.3 'Dermal·Contact with 7.3 i. 
recreational As 2.0 Surface Water 91.5 
user Ba 2.3 Derrnal;Contact with 

Cd 5.5 Sediment 
Fe 23.1 
Mn 38.0 
V 23.1 

Notes: NA = E\!'cR not applicable tochild and,teen cohons: Values for adult ELCR include e)lposure aS'child and teen. 
Definitions ofCOCs: 

Ai' aluminum Be beryllium Mn manganese 
As arsenic Cd cadmium V vanadium 
Ba barium. Fe iron 

• 
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• l'able 3.61. Risk results for WAGs 1 and 7 SWMUs 

Total % Total % Total Total % Total % Total 
'ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 

Current 2.2x 10'" As 6.7 Dermal Contact with 99:1 2.75 AI 7.5 DennaI'Contact with 97:8 
industrial Be 92.8 Sediment Fe 29.4 Sediment 
worker. Mn 29.9 

V 26.9 

Future 2.2.x 10.4 As 6.7 Dermal Contact with 99~ I 2.75 AI 7.5 Dermal Contact with 97.8 
industrial Be 92.8 Sediment Fe 29.4 Sediment 
worker Mn 29.9 

V 26.9 

Future adult 3.6'x 10.4 As 7.0 Ingestion ,of Sediment 0:6 0.94 Fe 29.6 Dermal Contact with 97.3 
recreational Be 92.5 Dermal Contact with 98.9 Mn 30.0 Sediment 
usef Sediment External 0:3 V 26.8 

exposure from 
Sediment 

Future child NA NA NA NA 6.52 AI 10.9 Ingestion of Sediment 1.7 
recreational As 3.5 Dermal Contact with 96.9 
user Ba 1.7 Sediment 

Fe 29.8 
Mn. 29.8 
V 26.7 

Future teen NA NA NA NA 4.34 AI 7.6 Dermal Contact:with 97.5 
recreational As 3.5 Sediment 
user Fe 29.7 

Mn 29.9 

• V 26.7 
Notes: NA = ELCR not applicable to child and,teen,cohorts, Values for adult ELCR include exposure as child and teen. 
Definitions ofcOCs: 

AI, aluminum Be beryllium V vanadium· 
As arsenic Fe iron 
,Ba barium Mn manganese 
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Table 3.62. Risk results for WAGs 1 arid 7 SWMUs 

Total % Total % Total Total % Total % Total 
ELCR COCs ELCR - roes ELCR HI COCs HI POCs HI 

Currerit industrial worker 1.4 x 10-6 Th-228 84.5 External Exposure from Soil 97.9 

Future industrial worker 1.7 x 10-6 Th-228 71.0 External Exposure from Soil 82.2 1.44 AI 9.2 Ingestion of Groundwater 91.7 
Fe 45.6 

Future adult rural resident 7.8 x 10'~ MeCI2 4.3 Ingestion of Groundwater 1.6 6.58 AI 8.5 Ingestion of Groundwater 55.9 
bis 1.3 External Exposure from Soil 23.9 Sb 9.7 Dermal Contact with Soil 2.9 

Th-228 69.1 Consumption of Vegetables Bi! 6.3 Consumption of Vegetables Irrigated 30.9 
U-235 5.3 Irrigated with Groundwater 3_4 Fe 42.1 with Groundwater 
LJ-238 20.1 Consumption of Vegetables in 70.1 Mn 31.2 Consumption of Vegetables in Soil 8.7 

Soil Hg \.9 

Future child rural resident NA NA NA NA n7 AI 7.9 Ingestion of Groundwater 39.2 
Sb 13.9 Dennal Contact with Groundwater 0.8 
Ba 5.9 Derril:il Contact With Soil 4.3 
Fe 39.3 Consumption of Vegetables Irrigated 43.2 
Mn 29.8 with Groundwater 

H~ 2.7. .Consumption of Vegetables in Soil 12.2 

I,;J 
I 

Notes: NA =ELCR not applicable to child cohort. Values for adult ELCR incJudeexposure as child. 
Definitions ofCOCs: 

N g AI aluminum Fe iron MeCI2 methylene chloride U-235 iJranium-235 
Ba barium Hg mercury Sb antimony U-238 uranium-238 
bis bis(2-ethylhexyl)ether Mn manganese Th-228 thorium-228 

• • • 
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Table 3.63. Risk results for WAGs 1 and 7 SWMUs 

Total COCs 
ELCR 

Future industrial worker 6.9x 10.6 TCE 

Future adult rural resident 1.1 x 10.4 TCE 
BAA 
BAP 
BBF 

DAHA 
!cdP 

Future child rural resident NA NA 

% Total 
ELCR. 
95.6 

75.9 
1.2 

16.6 
2.1 
2.6 
1.0 

NA 

POCs 

Ingesiion of Groundwater 
Dermal Contact with groundwater 
Inhalation of volatiles in Groundwater 
while Showering 

Ingestion of Groundwater 
Dermal Contact with groundwater 
Inhalation of volatiles in Groundwater 
while Showering 
hlhalation of Volatiles in Groundwater 
During Household Use 
Dermal Contact with Soil 
Consumption of Vegetables Irrigated 
with Groundwater 
Consumption of Vegetables in Soil 

NA 

Notes: NA = ELCR not applicable to child cohort. Values for adult ELCR include exposure as child . 
Definitions of COCs: 

Ba Barium BBF 
BAA bcnz(a)anthracene DAHA 
BAP benzo(a)pyrene 

benzo(b)fluoranthene 
dibenzo(a.h)anthracene 
indeno( 1.2.3-cd)pyrene 

Mn 
Sb 
TCE 

manganese 
antimony 
trichloroethene 

% Total Total COCs 
ELCR HI 
62.4 0.7 TCE 
15.7 Mn 
18.4 

21.1 3.1 TCE 
3.8 Ba 
4.0 Mn 

21.1 

1.2 
26.3 

22.5 

10.5 TeE 
Sb 
Ba 
Mn 

% Total 
HI 

32.6 
59.9 

34.5 
6.4 
60.1 

35.6 
1.5 
6.1 
57.0 

POCs 

Ingestion of Groundwater 

Ingestion of Groundwater 
Dermal Contact with Groundwater 
Consumption of Vegetables 
Irrigated with Groundwater 

Ingestion of Groundwater 
Dermal Contact with Groundwater 
Consumption of Vegetables 
Irrigated with Groundwater 
Consumption of Vegetables in Soil 

• 
% Total 

HI 
89.3 

55.3 
4.8339.3 

39.7 
2.7 

56.4 

1.0 



Table 3.64. Riskresultdor WAGs land 7 SWMUs 

Total % Total % Total % Total 
ELCR :COCs IELCR POCs ELCR Total HI COCs HI POCs 

Future adult 9 x IO-!I BAA 9.8 Dermal:Contact with Soil 5.2 
,rural resident BAP 73.1 Consumption of 94.1 

BBF 7.9 Vegetables in Soil 
DAHA 4.7 
IcdP 3.5 

Future child NA NA NA NA 
rural resident 
Notes: NA =:ELCR not applicable:to child cohort. Values for adult 'ELCRinclude exposure as child. 
Definitions of COCs: 

BAA henz(a)anthracene BBF 
DAHA 

henzO(b)fluoranthene 
dihenzO(a.hjanthracene 

IcdP indenO( 1.2.3-cd)pyrene 
BAP henzO(ajpyrene 

Table 3.65. Risk results for WAGs I and 7 SWMUs 

Future adult 
rural,resident 

Future,child 
rural,resident 

Total, 
ELCRCOCs 
3 x IO"6 BAP 

NA NA 

% Total 
ELCR 
72.2 

NA 

POCs 
Consumption:of 
Vegetables in Soil' 

NA 

% Total Total 
ELCR HIi 
93.9 

COCs 

Notes: NA = EI:.CRnot applicable to child cohort. Values for adult include exposure as child. 
Definition:of COCs: 

BAPheilzO(ajpyrene 
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% Total 
HI POCs 

% Total' 
HI 

% Total 
HI 
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8 Table 3.66. Risk results for WAGs 1 and 7 SWMUs 
6 
0 

c: Total % Total % Total Total % Total 'YiTotal 
~ 
'§ ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 
00 Current industrial worker 3.2 x 10" As 7.7 Dermal Contact with Sediment 99.4 6.6 Sb 11.1 Dermal Contact with Surface Water 20.3 
N 

"'" Be 92.1 As 2.3 Dermal Contact with Sediment 79.2 0 

Fe 26.1 
Mn 20.9 
V 36.2 

Future industrial worker 3.2 x 10.4 As 7.7 Dermal Contact with Sediment 99.4 6.6 Sb 11.1 Dermal Contact with Surface Water 20.3 
Be 92.1 As 2.3 Dermal Contact with Sediment 79.2 

Fe 26.1 
Mn 20.9 
V 36.2 

Future adult recreational 9.0 x 10.4 As 4.5 Ingestion of fish 33.1 39.8 Sb 8.2 Dermal Contact with Surface Water 1.4 
user Be 62.2 Dermal contact with leachate 10.0 Cd 0.9 Dermal contaCt \\;th Leachate 0.4 

9'lTc 33.1 Ingestion of Sediment 0.4 Fe 11.6 Consumption of fish 93.5 
Dermal Contact with Sediment 56.3 Mn 72.6 Dermal Contact with Sediment 4.4 

V 3.6 ingestion of venison from leachate 0.3 
Zn 2.6 

VJ 
FulLlre chi Id recreational NA NA NA NA 53.7 AI 0.4 Dermal Contact with Surface Water I 5.6 

N 
0 user Sb 8.9 Dermal contact with Leachate 1.5 
\0 As 0.7 Consumption of fish 69.5 

Ba 0.2 Ingestion of Sediment 0.4 
Be 0.2 Dermal Contact with Sediment 22.9 
Cd 0.7 ingestion of venison from leachate 0.2 
Fe 15.6 
Mn 59.2 
V 11.7 

Zn 2.0 

Future teen recreational NA NA NA NA 71.5 AI 0.2 Dermal Contact with Surface Water 2:8 
user Sb 8.5 Dermal contact \vith Leachate 0.8 

As 0.3 Consumption of fish 84.6 
Cd 0.8 Ingestion of Sediment 0.1 
Fe 13.1 Dermal Contact with Sediment 11.5 
Mn 67.7 ingestion of venison from leachate 0.2 
Sr 0.2 
V 6.5 

Zn 2.4 



Table 3.66. Risk residts for WAGs 1 and 7 SWMUs (continued) 

0 Total % Total % Total Total % Total % Total 0 
6 ELCR COCs ELCR POCs ELCR HI COCs HI POCs HI 0 

Q. Current industrial worker 4.1 x 10-~ BAA 2.8 Ingestion of Soil 20.6 0.96 Sb 52.8 Dermal Contact with Soil 98.8 
~ BAP 26.3 Dermal Contact with Soil 34.9 Mn 45.6 
23 BBF 3.4 External Exposure from Soil 43.7 
00 

Np-237 10.8 N 
.I>-
0 Th-230 15.8 

U-235 2.5 
U-238 33.2 

Future industrial worker 1.1 x 10'" 1.1- 3.9 Ingestion of Soil 0.8 44.9 1.2DCE 0.4 Ingestion of Groll11dwater. 96.2 
DeE 0.1 Ingestion of Groundwater 76.6 AI 1.1 Dermal Contact with Groundwater 1.7 
BAA 1.0 Dermal Contact with Soil 1.3 Sb \.I Dermal Contact with Soil 2.1 
BAP 0.1 Dermal Contact with 17.3 Be 0.3 
BBF 90.2 Groundwater Co 0_3 
Be 0.8 Inhalation of Volatiles in 2.0 Fe 90.9 

Np-237 0.1 Groundwater while Showering Mn 5.1 
fh-228 0.6 External Exposure from Soil 1.6 Ni 0.7 
fh-230 0.4 
U-234 0.1 
U-235 2.2 
U-238 

w Future adult rural resident 1.7 x IO-~ I.IOCE 4.8 Ingestion of Soil 03 194 1.2OCE 1.8 Ingestion of Groundwater 62.4 
I 

TCE 0.02 Ingestion of Groundwater 26.4 AI 1.0 Dermal Contact with Groundwater 0.9 N - A-1260 0.9 Dermal Contact with Soil 0.3 Sb 1.0 Dermal Contact with Soil 0.6 0 
BAA 0.4 Dermal Contact with 4.3 Be 0.3 Consumption of Vegetabtes Irrigated 34.0 
BAP 3.5 Groundwater Co 0.3 with Groundwater 
BBF 0.4 Inhalation of Volatiles in 0.5 Fe 88.7 Consumption of Vegetables in Soil 2.4 
BKF 0.02 Groundwater while Showering Mn 6.0 
lcdP 0.3 Inhalation of Volatiles in 2.4 Hg 0.2 
Be 46.6 Groundwater During Household Ni 0.7 

Np-237 1.3 Use Zn 0.1 
Th-228 0.2 External Exposure from Soil 0.7 
Th-230 33.4 Consumption of Vegetables 18.4 
U-234 2.9 Irrigated with Groundwater 
U-235 0.1 Consumption of Vegetables in 
U-238 6.4 Soil 47.9 

Future excavation worker 1.09 x 10-6 NONE NONE 0.29 NONE NONE 

• • • 
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• • Table 3.66. Risk results for WAGs 1 and 1 SWMUs (continued) 

Future child rural resident 

Total 
ELCR 

NA 
.COCs 

NA 

% Total 
ELCR 

NA 
POCs 

NA 

% Total 
ELCR 

Notes: NA = ELCR not applicable ~tochild and teen cohorts. Values for adult include exposure as child and teen 
Definition of COCs. 

AI aluminum Be beryllium Mn manganese ~c technetium-99 
As arsenic Cd cadmium Sb antimony V vanadium 
Ba barium Fe iron Sr strontium Zn zinc 

Total 
HI 
642 

% Total 
COCs HI 
I.IDCE 0.04 
1.2DCE 2.4 

TCE 0.03 
AI 1.0 
Sb 1.5 
Be O.~ 
Co 0.3 
Fe 86.4 
Mn 6.8 
Hg 0.2 
Ni 0.7 
Sr 0.05 
in 0.2 

• 
% Total 

POCs HI 
Ingestion of Groundwater 45.5 . 

Dermal Contact with Groundwater 0.5 
Ingestion of Soil 0.03 
Dermal Contact with Soil 0.09 
Consumption of Vegetables Irrigated 49.5 
with Groundwater 

Consumption of Vegetables in Soil 3.5 



Table 3.67. SWMUs in WAG 23.and SWMU 1 of WAG 27 

SWMU Description 
'I 

32,and33 
56,and 80 
57 and 81 

74 
79 

C-747-C Oil Landfarm 
C-728 Clean Waste Oil Tanks and Motor Cleaning Facility 
C-540-A PCB Waste Staging Area and Spill Site 
C-541-A PCB Waste Staging Area and Spill Site 
C-340 PCB Spill Site 
C-611 PCB Spill Site 

3.2.S.1 SWMU 1- C-747-C Oil Landfarm 

Location ,and Setting 

The location and setting of SWMU I are provided in Sect. 3.2.4 of this report. This section focuses 
on surface soils that were included in W AO 23 (DOE 1994a). 

Surface-water hydrology, wetlands, and Doodplains. The surface water that drains from SWMU I 
into the surrounding ditches is carried west through Outfall 008 into Bayou Creek (Fig. 3.55). Wetlands 
identified in the vicinity of SWMU I are shown in Fig. 3.21. A roO-year floodplain is located to the 
southwest of SWMU I (Fig. 3.56). 

Biological resources. Vegetation inside the fence is mowed grass providing very little to no wildlife 
habitat. No potential habitats for federally listed T&E species are present within the fence (CDMFederal 
1994). 

Soils and prime farmland. Historically, soils within the impacted area of SWMU I are 'Calloway 
silt loam, 0% to 2% slope. However, the soils associated with these areas have been disturbed by past 
activities and, consequently, are not classified as prime farmland. 

ManufacturingffSD Processes 

The landfarm was used for the biodegradation of contaminated waste oils from 1975 to 1979. When 
in use, the area was plowed to a depth of 0.3 to 0;6 m (1 to 2 ft), and then waste oils, contaminated with 
'FCE, 1,1,I-TCA, uranium, and PCBs, were spread across the surface. Periodically, lime and fertilizers also 
were plowed into the soil. At one time, a layer of gravel was added to the landfarm to improve drainage. 

Summary of Previous Investigations for SWMU 1 Surface Soils 

The following section provides information about the sampling perfofllled at SWMU 1. The focus of 
this description is surface soils as subsurface soils and groundwater contamination are discussed in Sect. 3.2.4. 
The results of the sampling performed at SWMU 1 are included in the nature and' extent of contamination 
subsection. Sampling information used to describe soil contamination at SWMU 1 include data from 
Phase 1 and Phase II of the PODP SI and additional sampling performed March 1996 and reported in an 
appendix of the FS ·report. Phase land Phase II SI data were used in the FS to estimate the nature and 
extent of contamination, to calculate risks and hazards, and to make appropriate response action decisions. 
The additional samples were collected from a more defined, gridded area, in March '1996 to supplement 
Phase I and Phase n SI data. This information was used to refine the area and volume of PCB contamination. 
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Phase II and Phase II SI, at SWMU 1. An SI was performed to assess potential releases from the 
landfarm area via surface-water runoff and groundwater migration. The surface migration pathway was • 
investigated by conducting a surface radiation walkover and by taking samples at the surface over the 
SWMU and in surrounding ditches (DOE 1994a). Three shallow soil borings (H050, H05t, and H052) 
were drilled during the Phase I investigation. Shallow borings were drilled up to 1.8 m (6 ft) deep to 
extend below the hottom of the former 0.6-m (2-ft) deep plots. During Phase II of the SI, three more 
shallow soil borings (H258, H259, and H260) were drilled. Additionally, four surface soil samples were 
taken (H355, H356, H357, and H358) for geotechnical and treatability testing parameters were used in 
evaluating stabilization or thermal treatment technologies (Fig. 3.57), 

Additional sampling to support the Phase I and Phase II SI; As previously mentioned; additional 
sampling was performed in March 1996 to support iPhase I and Phase II SI data. The DOE gridded the Oil 
Landfarm into 44 - 7.6 x 7.6 m (25 x 25 ft) and 11 - 7.6 x 7.6 m (50 x 50 ft) secti()ns (a total of 
55 sections) andl 5~point composite sampled (at the four comers and in the middle of each gridded area) 
at 0 to 0.3 and 1.5 m (0 to land 5 ft) depth intervals (Fig. 3.57). Deeper samples [to 9.2 m (30 ft)]:also 
were collected. The deeper borings are discussed' in Sect. 3.2.4. 

Geology/Hydrology 

Calloway silt loam is the predominant soil type at SWMU 1. The Calloway soil series contains 
poorly drained acidic soils formed in loess or alluvium ~USDA 1976). This type of soil usually contains a 
fragipan layer. Since the soil in the oil landfarm was disturbed during past operations, the fragipanllayer 
is likely to be absent. However, the fragipan layer is probably still present at SWMU I outside the 
landfarm. Permeability in the silt l()am would probably be in the range of 4.23 x 10-4 em/sec (1.20 ftld) 
and 1.4'1 x ro-3 em/sec (3.99 ftld~ (USDA 1:976). 

During the Phase II SI', double-ring infiltrometer tests were conducted on surface soils at SWMU I. 
Average long-term infiltration rates were 7 x 10-5 em/sec (0.20 ftld) (DRI-I), 3 x 10-4 em/sec (0.85 ftld) 
(DRI-2), and 4 x 10-6 em/sec (0.17 ftld) (DRI-3) (CH2M HILL 1!992). 

Phase I borings H050 and H051 were 1.8 m (6 ft)deep and contained damp to dry silty clay with 
some gravel in the upper 0.3 m (1 ft). Boring H052 contained moist to damp silty clay with some gravell 

occurring throughout its 1.8 m (6 ft) depth. The deepest Phase I boring is the 20-m (66-ft) deep H009. 

Phase II borings H258 and H259 were 1.8 m (6 [t) deep and contained moist silty clay. Boring H260 
had organic soi'l with gravel in the upper 0.6 m (2 ft) and moist silty clay from 0.61 to 1.8 m (4 to 6 ft). 
Borings H355, H356, and H358 were drilled to 1.5 m (0.5 ft) and contained moist lean clay. Boring H357 
contained 0.15 m (0.5 ft) of poorly graded gravel with clay and sand. Borings H208, H209, and H210 
were aH deep ,enough to reach the upper part of the RGA. 

A summary of geotechnical testing data for borings H2,I'O, H258, H259, H355, H356, H357, and 
H358 is provided in Table 3.68. These data were used in establishing the soil type present at the unit. 

Nature mId Extellt of COlltam;IIatioll 

Based on the results of the SI, the surface soils within SWMU I contained PCBs at concentrations 
up to 35,000 Jlg/kg; however, additional' investigation of SWMU I in March 1996 determined that no 
gridded area had IPCBs at a concentration greater than 25 ppm. The maximum detected PCB concentration 

• 

identified in the additional sampling was Aroclor-1248 at 3,344 Ilg/kg in grid area' 39. The PCBs detected • 
in surrounding ditches during the SI were at significantly lower concentrations (approximately 270 Jlg/kg). 
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Table 3.68.Surnmary of geotechnical testing data for SWMU 1 

Natural Atterberglimits (%~ Grain size anall:sls Unit weight (I!!:O 
Boring Sample moisture pH In Finer than Finer'than Finer than Specific 

no. del!tb (ft) content (%) L.L. P.L. P.I. water no. 200 (ere» no. 40 (%) no. 4 (%) Wet D!l gravity 
H210 10 to 12 22.3 27 20 7 ii 93.6 ii ii 129.5 105.9 ii 
H210 55 to 57 18.7 NP NP NP ii 16.3 ii ii 127.7 107.5 ii 
H210 25 to 26.5 ii, ii ii ii ii 64.1 95 99 ii ii ii 
H258 I to 2 21.2 35 22 13 6 77.1 82 89 ii i'i 2.66 
H259 1 to 2 17.6 31 17 14 7 61.6 86 95 ii ii 2.65 
H355 0.loO.5 20.6 37 23 14 5.9 93.2 99 100 ii ii ii 
H356 OtoO.5 25.5 41 25 16 6.2 53.7 60 78 ii ii ii 
H357 o to 0.5 25.4 39 23 16 6.0 84.9 93 98 ii fi fi 
H358" OloO.5 5;0 36 26 10 7.6 14.7 29 56 ii fi ii 

'Sampleilakenof gravel road base placed during the site investigation Source: DOEJORl07·1149&D2 
NP = Non·Plastic P.L. = Plastic Limit 
L.L. = Liquid Limit P.I. = Plasticity Index 

Dioxins, uranium, and 99Tc also were detected in the surface soils at SWMU 1. The only dioxin value of 
significance was the detection of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8':TCDD) at 1.43J ltg/kg 
(1 indicates the value was estimated) in boring H050. The maximum uranium detect was. 238U at 15 pCi/g 
at the surface in boring H052. 'the most significant detect of 99'}:C was identified at the surface ,in boring 
H210 at 640 pCi/g. None of these constituents appear at. elevated concentrations in Outfall 008, which 
collects surface-water runoff from the area. 

Fate and Transport 0/ Contamination 

Sediments at SWMU 1 have the potential to be transported via erosion and surface-water runoff. 
Runoff from this unit flows through KPDES Outfall 008 before reaching Bayou Creek. CUffently, due to 
the relati,vely flat surface of the area and grass cover on SWMU 1 and the ditches leading to Outfall OOS, 
erosion would be mitigated. Consequently, the transport of PCBs, dioxins, and furans via erosion and 
surface-water runoff is impeded. To date, no PCBs have been detected at Outfall OOS. However, 
historical erosion and surface runoff originating from SWMU 1 may be responsible for the presence of 
PCBs, dioxinlfurans, and radionuclides found in the soil within the sUffounding ditches. 

Summary o/Previous Remedial Actions at SWMU 1 

In December 1997, the DOE conducted a nontime-critical removal action at SWMU 1 to remove 
dioxins in excess of ' the cleanup goal of i.3 ppb. The only sample location with contamination above the 
established cleanup level was soil boring H050. Boring H050, completed during the Phase I SI, contained 
a detection of 2,3,7,8-TCDD at 1.43J ppb (the J indicates that the value was estimated), which exceeded 
the 1.3 ppb total dioxin risk-based cleanup level without adding other dioxin congeners present. 
Consequently, an area of 7.6 x 7.6 x 0.3 m (25 x 25 x 1 ft), or a total of approximately 18 m3 (23 yd3

) of 
dioxin-contaminated soil was excavated at SWMU 1. Figure 3.57 includes a diagram of the dioxin 
excavation area and shows the location of boring H050. 

3.2.8.2 SWMUs 32 and 33 - C-728 Clean Waste Oil Tank and Motor Cleaning Facility 

Location 

• 

• 

The C-728 Clean Waste Oil Tanks (SWMU 32) consist of two aboveground tanks east of the C-728 
Motor Cleaning Facility (SWMU 33). These units are located in the central part oUhe plant area, south • 
of Tennessee Avenue and west of Sth street (Fig. 3.5S). 
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Setting 

At SWMU 32, the 8,OOO-gai tank and the 4;OO(};"gal tank originally stored motor cleaning solvents, 
such as mineral spirits, hut later were used for storing waste oils. A 12 x 12 m (40, x 40 ft) curbed cement 
pad lies beneath these tanks. 

The C-728 Motor Cleaning Facility (SWMU 33), which was used for cleaning electrical motors from 
the cascade buildings, is made of structural steel and corrugated siding and' has dimensions of 13.7 x 10.7 x 
4.7 m (45 x 35 x 32 ft). 

Together. SWMUs 32 and 33 cover approximately 0:2 hectares (0.5 acres); A concrete-paved 
parking area abuts the units to the north and west, and a rail spur borders the units to the south. 

Surface-water hydrology, wetlands, and floodplains. The surface area near SWMUs 32 and 33is 
relatively flat except for ditches that parallel the railroad tracks (Fig. 3.58); Surface water in these ditches 
generally flows to the plant storm sewers and then west to KPDES Outfall 008. A storm sewer drain 
intake is located in the ditch on the south side of the railroad tracks southwest of the C-728 Motor 
Cleaning Facility. Surface water that flows through KPDES Outfall 008 empties into Bayou Creek. No 
wetlands have been identified in the vicinity of SWMUs 32 and 33 (CDM Federal 1994). No tOO-year 
fl'oodplains are adjacent to SWMUs 32 and 33. 

Biological resources. Vegetation inside the fence is mowed grass providing very little to no wildlife 
habitat. No potential habitats for federally listed T &E species are present within the fence (CDM Federal 
1994). 

Soils and prime farmland. Historically, soils within the impacted area of SWMUs 32 and 33 are 
Henry silt loams. However, the soils associated with these areas have been disturbed by past activities. 
decreasing the likelihood that any of these areas are prime farmland. 

ManufacturinglTSD Processes 

Currently, the e728 tanks (SWMU 32) are not in use. SWMU 33 has been in use since 1957; 
however. its method of operation changed in 1975. Since then, motors have been cleaned using a steam 
cleaning unit and a water treatment unit instead, of dipping the motors into a tank of mineral spirits. as 
had been done in the past. Before 1975. wastes from this facility included mineral spirits containing 
grease, oil, and uranium. After 1975, the waste stream included aqueous solutions of uranium and sodium 
hydroxide. At present, this facility is rarely used. 

Summary of previous actions (excluding previous remedial actions). During early January 1;994, 
it was learned that soils in the vicinity ofC-728. G541. and C-540'(SWMUs 32 and 33. SWM10s57 and 8!1, 
and SWMUs 56 and 80. respectively) ,had been disturbed by construction activities during dike upgrades. 
This construction project was commissioned and! managed by Lockheed Martin Utility Services. 

The dike upgrade construction took place between November 1993 and' April> 11994. Conflicting 
reports have been received regarding whether any soil was removed from these sites during construction. 
Soil pites discovered north of C-746-F. east of the patrol road. may have been generated by the dike 
upgrade construction activities. These soil piles were sampled in August 1994 for total PCB contamination, 
which was found! to he ,less than 0; I mg/kg. 
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Summary of Previous investigations 

The following describes the sampling scheme at SWMUs 32 and 33. As with SWMU I, data used to 
describe soil contamination at these units are from two sources: Phase I and Phase H of the PGDP SI, and 
additional sampling performed March 1996, reported in an appendix of the FS report. Phase I and Phase II 
SI data were used in the FS to estimate the nature and extent of contamination, to calculate risks and 
hazards, and to make appropriate response action decisions. The additional samples were collected from a 
more defined, gridded area, in March 1996 to supplement Phase I and Phase IIi SI data. This information 
was used to refine the area and volume of PCB contamination, The results of the sampling for SWMUs 32 
and 33 are discussed in the nature and extent of contamination subsection. 

Phase I and Phase II Site Investigations. Site investigation activities were conducted to assess 
potential releases via surface migration. One 4.6 m (li5 ft) soil boring (H30l) and eight shallow soil 
borings (H047, H048, H049, H302, H3(i)3, H304, H3e5, andID06) were drilled and sampled at SWMUs 32 
and 33 ~Fig. 3.59). 

Additionalsampling to support the Phase I and, Phase II Site Investigation. As previously mentioned, 
additionali sampling was ,performed in March 1996 ,to support Phase I and Phase II Sldata. The DOE 
gridded SWMUs 32 and 33 into 10 - 7.6 x 7.6 m (25 x 25 ft) and 13 - 15.25 x 15.25 m (50 x 50 ft) 
sections (a total of 23 sections) and 5-point composite sampledl(at the four·comers and in the middle of 
each gridded area') at Olo 0.3 m and 1.5 m(0 to 1 and 5 ft) depth intervals. 

Geology/Hydrology 

Silt loam and silty clay loam. which are included in the Henry silt loam soil series. makeup the 
surficial deposits at SWMUs 32 and 33 (USDA 1976). A fragipan or low-permeability layer is characteristic 
of this soil type, but is not likely to be present at these units because the soil was disturbed during dike 
upgrade construction. Permeability of the silt loam would probably be between 4.23 x 104 cmlsec(1.98 ft/d~ 
and 1.41 x l(i)-3 cmlsec (3.99 ftld l) (USDA 1976). 

The Phase 1 borings H047. H048. and H049 describe the interval from 0 to 1.8 m (0 to 6 ft) as moist 
to wet silty clay. The Phase I'I borings H302. H303, H305 and H306 were 0.'15 m (0.5 ft)deep and 
contained moist lean clay. Boring H304 also was 0.15 m (0.5 ft) deep. but this boring contained wet lean 
clay with gravel. Boring H3011 was found toihave 0.78 m(7 in.) of organic soil at the surface and moist 
lean (silty) clay :between (i). 18 m (7 in.) and 4.6 m (15 ft). 

Geotechnical: testing was performed on boring H30,l' and the results have been recorded in 
Table 3_69. These data were used in establishing ,the soil type present at the unit. 

Table 3.69. Summary of geotechnical testing data at SWMUs 32 and 33 

Boring No. 
H301 
H301 
H301 

Sample 
depth(ft) 

Oto 5 
8to 10 
13 to 15 

L.L. = Liquid Eimit 
P.L. = Plastic Limit 
P.I. = ,Plastic Index 

00-00 I( doc )/08240 I 

Natural 
moisture 

content(%) 
24.7 
23.0 
24.1 

Atterberg Limits (%) 

L.L. 
48 
34 
36 

P.L. 
19 
19 
18 

3-221 

'P.I. 
29 
15 
18 

Finer than 
No. 200:(%) 

96 
9.6 
92 

Grain size analysis 
Finer than Finer than 
No. 40 (%) No.4 (%) 

98 100 
98 100 
98 100 

SOllrce: CH2M 'HILL 1992. 
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In the vicinity of SWMVs 32.and 33, the Upper 'Continental Deposits are encountered at a depth of 
about 6.1: m (20 ft) bgs. These Upper Continental Deposits are approximately 12.2 to 13.7 m (40 to 45 ft) 
thick and consist of sandy or silty clay interfingered with II ayers of sand and gravel. Beneath this 
formation lie the Lower Continental Deposits. These deposits are made up of sandy gravel .and gravely 
sand with a thickness of about 10.7 to 12.2 m (35 to 40 ft). Underlyingthe Lower Continental Deposits is 
the McNairy Formation. 

The VCRS, the uppennost hydrologic unit, is found within the loess layer and the Vpper Continental 
Deposits. Sand.ilenses present in the UCRS are usually not laterally extensive over large areas. Most flow 
within the VCRS has been found to be vertical with a downward gradient from the VCRS to the RGA. 

Water levels in the uppennost sand lenses of the VCRS will be of interest when considering types of 
subsurface soili remediation that maybe necessary at SWMUs 32 and 33.;In MW203 (AKGW A # 8000.(5184) 
to the southeast, two shallow VCRS sand lenses were found to be present from 4' to 4.6 m (13 to 15 ft~ bgs 
and from5.8to 6.1 m (,1'9 to 20 ft) bgs. However, since the screens in MWs 203 and' 204 (twin toMW2(3) 
were set below 14.9 m (49.0 ft) bgs, it is not known if either of these shallow lenses contains water. In the 
Phase 'IV boring H-7, the uppennost VCRS sand lens was found between 6.7 and 7.6 m (22 and 25 ft) bgs 
but no water level was measured for thatintervali. Shallow VCRS water levels from sand lenses above 7.6 m 
(25 ft) were not available from other monitoring wells in the vicinity because they were all screenedi in 
deeper zones. In MW204 (AKGW A # 8000-51'85), deep VCRS (11994) water levels ranged from 11.6 to 
13.6 m (38.0 to 44.5 ft~ bgs. The well screen in MW204 was installed at 15.1 to 16.6 m (49.5 to 54.5 ft} bgs. 

In the RGA, the predominant flow direction would be northward' for this area. RGA water levels in 
MW203 for 1994 ranged from 13.0 to 14.8m (42.6 to 48.4 ft) bgs. 'ifhis well screen was set from 2'1.6 to 
23 m (71 ,to 76 ft) bgs. 

Nature and Extent of Contamination at SWMVs 32 and 33 

The 'PCBs, dioxins, and furans at SWMUs 32 and 33 were not found at levels of concemin surface 
soils or in ditches leading from the units to the west. In addition, ,they were not found in surface water or 
sediment leaving the plant boundary through Outfall 008, which drains runoff from this area. Also. since 
no PCB, dioxin, or furan contamination was detected in the drainage swale east of boring H049, 
migration via surface runoff to the east appears to be limited. In addition, no PCBs were found ,in the 
deeper boring (H30l), drilled near boring H049, indicating that the depth of contamination is limited to 
approximately 1.8 m (6 ft). 

BTEX were found in two subsurface soil~ samples from one boring (H047) between 0.76 and 1.8 m 
(2.5. and 6 ft) bgs at individual concentrations of 14 to 210 Ilglkg, with a maximum total BTEX value of 
240 ltg/kg. The area impacted is Ilimited to the immediate area around boring H047. 

In a few soil samples, metal constituents were detected at levels higher than reference values 
detennined during the Phase I SI, Metals detected above reference values include: chromium, which was found 
at the surface in Bhase I boring H048 at 87,500 Jlg/kg (reference value of f7,200 J.l.g/kg); copper, which 
was identified at 42,700 /lg/kg at the surface in Phase. I boring H049 (reference value of 15,800 J.l.g/kg); 
lead, ,identified at the surface in 'Phase I boring H049 at 35,500J Ilg/kg (reference value of 30,900 J.l.g/kg); 
nickel, found at the surface in Phase 1 boring H048 at.a concentration of 52,300J Jlg/kg (reference value of 
21i000J.l.g/kg); and zinc, found at the surface in Phase I boring H047 at a concentration ,of M,600Jlg/kg 
~reference value of 54,400 )lg/kg). Metals were not analyzed in Phase II borings H301, H302. H303, 
H304, H305, and' H306. 
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Uranium-234, 238U, and ~c were found' in surface soils collected to the south of SWMUs 32 and 33 at 
sampling stations H04S and H049. Technetium-99 was found in subsurface soils to a depth of 1.8 m (6 ft) in • 
the same locations. Uranium-234 and 238U were found to a depth of 1.S m ~6 ft) at sampling station H049~ 
located immediately south of SWMU 32. The amount of radioactivity found near SWMUs 32 and 33 
includes ~c at activities up to 56.9 ± 3.3 pCilg. 234Uupt04.49 ±O.64 pCilg. and 238U up ,to 7.39 ± 0.S2pCilg. 
Radionuclide analyses were not ~performed on samples collected from Phase II sample borings H301 
through H305. 

Fate and Transport of Contamination 

Transport of contaminants at SWMUs 32 and 33 may occur as a result of surface-water runoff from 
surface soils. Affected media include surface-water ,runoff and sediments that may be carned by the runoff and i 

deposited downstream. Drainage from the area flows south beneath the railroad' tracks toa storm sewer inlet 
near boring H304 (Fig. 3.59~. This stomi sewer discharges into Bayou Creek through KPDES Outfall OOS. 

The presence of BTEX compounds and ~c in the subsurface indicates that migration to the 
groundwater is a possibility. It dbes appear, however, that the levels identified' would not present a threat 
to off-site receptors. 

Summary of Previous Remedial Actions at SWMUs 32 and 33 

There have been no previous remedial actions associated' with SWMUs 32 and 33 of WAG 23. 

3.2.8.3 SWMUs 56 and 80- C·540-A PCB Waste Staging Area and Spill Site 

Location 

TheC-540-A PCB Waste Staging Area (SWMU 56) and the C-540-A PCB Spill Site lie outside the 
C-540-A Building in the southeastern part of the plant, north of Nebrash Avenue and west of 22nd 
Street (Fig. 3.54). 

SeUing 

The C-540-A PCB Waste Staging Area has been used from 1976 to the present for the temporary 
storage of containerized PCB-contaminated waste oils and solids. This 1.5 x 3 m (5 x 10 ft) diked staging 
area can hold up to six 55-gal drums. Soil contaminated by PCBs in the vicinity of the C-540 Facility has 
been designated as SWMU SO (Fig. 3.60). The area of SWMUs 56 and SO is ,irregular, encompassing an 
area about 30.5 x 30.5 m (100 x 100 ft) around the C-S40-A Building and extending about 182.8 m.(600 ft) 
from the facility within the drainage ditches leading from the unit. 

Surface-water 'hydrology, wetlands, and floodplains. Area stormwater flow appears to follow 
three main pathways, (Fig. 3.60). The northern part of the SWMUs drain into a storm sewer 'located to the 
northwest, and the western and southern sections drain into a storm sewer located to the west. Both of 
these storm sewers formerly flowed into KPDES Outfall 011, but are now routed'toOutfall 010. The area 
east of the buildings drains into a swale that used to discharge to Outfall 012. Presently, water that would 
normally flow into Outfalls on and 012 has been re-routed through a lift station to Outfall 010. However, 
in a heavy rainfall, some water would likely flow past the lift station and enter Outfall 011 or 012 as it 
had previously. Water ,flowing through Outfalls 01'0,011, or 012 discharges to Little Bayou Creek. No 
wetlands have been identified in the vicinity of SWMUs 56 and 80 (COM Federal 1994). No leO-year 
floodplains are adjacent to SWMUs 56 and 80. 
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'Biological resources. Vegetation inside the. fence is mown grass providing very little to no wildlife • 
habitat. No potential habitats for T&E species are present within the fence (CDM Federal 1994). 

Soils and prime farmland. Historically, soils within the impacted area of SWMUs 56 and 80 are 
Henry silt loarns. However, the soils associated with these areas have been disturbed by past activities, 
decreasing the likelihood that any of these areas are prime farmland. 

ManujacturinglTSD Processes 

In f970, the old underground piping from the C-540-A Building was abandoned in place because of 
leaks and maintenance problems. At that time, the underground piping was cut off at the surface and 
replaced with aboveground piping. In the ,past, during the summer months, an oily/watery substance has 
sometimes bubbled up from the ground where the old piping was cut (DOE 1993a). This old, underground 
piping has been suspected of containing PCB oils that might have contributed to area soil contamination. 

'Previous actions (separate from previous remedial actions). A spill that occurred at this site during 
the 1970s resulted, in the dredging of contaminated sediments from a ditch south of the C-340 Building. This 
ditch, formerly called the C-340 Ditch, is now called the Outfall 01,1 Ditch. The dredging of the C-340 
Ditch took place in 1983 and was confined· to an area outside the security fence. PCBs in the ditch were 
removed to below 25 ppm(MMES 1984). 

Summary oj Previous Investigations 

The following describes the sampling performed at SWMUs 56 and 8(i). Data used to describe soil 

contal~nati0rfin assoc
d 

~ateAd ~lith19t9h5ese units arehfroom ~0IulrOslo1u~ces: ~ha~e II.andd
d

. ~hasel II ofl~he PGrfiDP SId' . ' 
samp 109 pe orme 10 pn' to support t e utla' mvestlgatton; a ItlOna samp mg pe . orme 
March 1996 (reported in an appendix of the FS report); and sampling performed in the ditch to the 
southeast of SWMUs 56 and 80 near Phase II boring H345 in April 1999. Phase I and Phase II SI data 
were used in the FS to estimate the nature and extent of contamination, to calculate risks and hazards, 
and to make appropriate response action decisions. The additional samples were collected from a more 
defined, gridded area, in March 1996 to supplement Phase I and Phase n SI data. This information was used 
to refine the area and volume of PCB contamination. The sampling performed in April 1999 was used to 
determine whether residual PCBs left at SWMUs 56 and 80 following the removal action (discussed in 
the summary of previous remedial action subsection) were at concentrations that may migrate off-site. A 
discussion of sampling results is included in the nature and extent of contamination subsection. 

Phase I and Phase II Site Investigations. Site investigation activities were conducted to assess 
potential releases via the sutface migration pathway only. One 4.6 m (15 ft) soil boring (H329); one 1.8 m (6 ft) 
soil boring (H037), and 15 shallow soil borings (H034, H035, H036, H325, H326, H327, H328, H329, 
H330, H339, H343, IB44, H345, H346, and H347) were drilled and sampled at SWMUs 56 and 8(i) (Fig. 3.61). 

Additional! sampling ,performed in April 1995 as ;part of the Outfall on investigation. Shallow 
(1.2 mor 4' ft) soil samples were collected concentric to the SWMUs in April 1995 (Fig. 3.M) as a result 
of PCB-contaminated sediments and water detected in the grounding vault on .the west side of C-540-A. 

Additional sampling to support the Phase I and Phase II Site Investigation in March 1996. As 
previously mentioned, additional sampling was performed in March 1996 to support Phase I and Phase n 
SI data. The DOE gridded SWMUs 56 and 80 into 21 - 7.6 x 7.6 m (25 x 25 ft) and 9 - 15.25 x 15.25 m 
(50 x 50 ft) sections fa total of 31 sections) and 5-point composite sampled (at the four comers and in the • 
middle of the gridded areas) at 0 to 0.3 and 1.5 m (0 to 1 and 5 ft) depth intervals. 
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Fig. 3.61. Location of historical samples at SWMUs 56 and 80 at the PCDr. 



Additional sampling performed in April 1999. This sampling was performed to,provide additional., 
information about the extent of contamination at SWMUs 56 and 80. Two areas near Phase II boring 
ID45 were divided into 7.6 x 7.6 m (25 x 25 ft)gridsand 5...,point composite samples were collected (one at 
each corner of the gridl and one in the middle) at the surface. One sample included soil from around ID45. 

Geology/Hydrogeology 

At SWMUs 56 and 80, the surface soil consists of silt loam and silty clay loam included in the 
Henry silt loam soil series. A fragipan layer usually is associated with this type of soil, but is probably 
not present in the area since the soil was disturbed during dike upgrade construction. The dike upgrade 
construction took place between November 1993 and April 1994'. Permeability of the silt loam would 
likely be between 4.23 x ro-4cmlsec (1.98 ftld) and 1.41 x 10.3 cmlsec (3.99 ftld) (USDA 1976). 

The area west of ' the C:540-A Pump House has been contoured with 0.15 to 030 m(6 to 12 in.) of 
backfilL This soil covers the dense gravel aggregate, which is approximately 1.22 to 1-83 m (4 t06 ft) 
thick, and overlies the grounding mat 

Boring 'logs H037, H326, H328, H329, andi H330 describe the upper 0.1'5 m (6 in.) of soil to be 
mOIst, firm, lean (silty) clay. Boring H328 contained some gravel mixed with the clay. Only at boring 
H327 was the lean clay described: as wet Dry fill material consisting of gravel and clay was present in 
the upper 0.15 m (6 in.) at boring H325. Dry, sandy silt and gravel was found in theO.3-m (I-ft) deep 
borings, H034 and H035. Boring H036 contained moist, sandy silt and graveL The deepest 'boring log, 
H329, describes the upper 3 m (10 ft) of sediment as lean clay and the interval from 3 to 4.6 mOO to 15 ft) 
as lean clay with some fine sand, Borings containing only clay are located in ditches ofthis area. 

During April ,1995, shallow soil samples (A through I') were taken around SWMUs 56 and 80 down • 
to a depth of 1.2 m (4 ft) bgs as part of an investigation of contamination in outfalls OIl and 012. In 
samples E, H, and I, located south of the pump house, groundwater was encountered at a depth of 0.3 m 
(1 ft)bgs within the sandy silt with gravel fiU (:DOE 1995b). This anomalously high water level is 
thought to have resulted from a perched water zone within the surface fill, present only during rainy 
periods. A clay layer which is approximately 6.1 m ~20 fO thick lies immediately below the surface ,fill 
and likely inhibits infiltration of precipitation in the area. The Phase N boring G-7 provided the closest 
deep lithologic information and is located about 99 m (325 ft) to the west This boring shows a ,limestone 
gravel fill down to a depth of 1.2 m (4 ft). 

A summary of geotechnical testing data for boring H-329 as well as for borings H-344 and H-346 is 
provided in Table 3.70. These data were used in establishing the soil type present at the unit and were 
also considered in the selection of remedial alternatives. 

Table 3.70~ Summary of geotechnicalttesting data at SWMBs 56 and 80 

Natural Atterberg Limits (%) Grain size anal:ysis 
Boring Sample moisture Finer than Finer than Finer than pH in 

No. depth(ft) content (%) L.L. P;L. P.I. No; 200 (%) No. 40 (%) No.4(%) water 
H329 3 to 5 23.5 42 19 23 94 97 100 
H329 8 to \0 23.0 39 18 21 92 97 100 
H329 13to 15 19.7 34 16 18 85 97 WO 
H344 o to 0:5 3 \.9 57 32 25 65 73 83 6.6 
H346 o to 0.5 23.2 37 19 1'8 73 91 99 6.8 

L.L.= Liquid Limit Source: CH2MHILL 1992 
P.L. = Plastic Limit 
P.1. = Plastic:Index 
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At a depth of about 6.1 m (20 ft) bgs lie the Upper Continental Deposits. These deposits are 
approximately 18.3 m (60 ft) thick and consist of sandy clay interfingered with layers of sand. Typically, 
the Lower Continental Deposits are encountered .beneath this formation. In this area, the Lower Continental 
Deposits are only about 1.5 to 3 m (5 to 10 ft~ thick due to the prox:imityof the terrace slope. These 
deposits consist of well-rounded' chert gravel and sand. Underlying the Lower Continental Deposits is the 
Porters 'Creek Clay. 

The sandy silt and graveJi fill at the surface in the vicinity of these SWMUs was found to have a 
water level at 0.3 m (1 ft) bgs (nOE 1995b). Since this fill mater;iallies above 6.1 m (20ft) of clay, it is 
thought to be a perched .zone~ Below the surficial sandy silt and gravel layer, the water level in the UCRS 
sand and gravel would be approximately 9.1 m (30 ft) bgs with a downward gradient from the VCRS to 
the RGA (DOE 1995b). 

The nearest monitoring well water level was in MW255 (AKGWA #8001-6189) 281.9m(925 ft) to 
the northeast. This monitoring well' originally was boring P4-E8 drilled' during the Phase IV groundwater 
investigation (DOE 1995b). An RGA water level of 17.1 m (56.1 ft) was taken in MW255 in May 1;995, 
and the screen in this well was set from 27.7 to 29.2 m (91 to 95.7 ft). Flow in the RGA tends to be 
toward the northeast. 

Nature and Extent of Contamination 

Phase I and Phase n of the SI identified widespread PCB contamination at these SWMUs. Based on 
the SI, PCB contamination extended to boring H327 to the north, H328 to the west, and to boring H343 
along 22nd Street to the southeast. Analytical results of the April 1995 sampling event confirmed the 
presence of PCBs in ,the immediate area surrounding C-540-A. The maximum concentration of PCBs 
discovered during the Outfall 011 investigation around the C-540-A Building was 3,000 ppm ito the 
immediate west of the SWMUs. Additional samples collected to support the Phase I and Phase II 
investigation in March 1996 revealed three areas greater than 25 ppm, but none below 0.3 m (1 ft) deep. 
Grid 7 contained total PCBs at approximately 1 '17 ppm, grid 9 contained PCBs at approximately 79 ppm, 
and grid 27 revealed total PCBs at about III ppm. Migration was. believed to be minimal as all other values 
were below 25 ppm and the drainage swale to the southeast of 22nd street contained only about 2 ppm 
total PCBs; however, to confirm their hypothesis, the DOE collected additional composite samples near 
boring H345 in April 1999. The maximum total PCBs detected were about, 7 ppm, which substantiated 
the DOE's belief that the contamination was not migrating in significant concentrations. 

A surface sample collected at boring H037 containedi dioxins at 2.9 ppb. The extent of dioxin 
contamination was limited to this area. 

The PAHs were found in a surface sample (H037) at levels ranging from 830J flglkg to 2,400J flg/kg 
for individual analytes. The total PAH concentration was 9,430J flglkg. 

The TCE was identified in the April 1995 sampling event to the southeast of C-540-A in borehole 
"H" at 2;000 ~glkg in the soil and 59 flg/L in:the perched water. TCA; 1,1-DCA; and I,I-DCE also were 
identified in borehole "H" in the soil and perched water. TCA was identified at the highest concentration 
in the water and soil samples at 5,000 flg/L and 1168,000 ~gIk.g, respectively. 

During the April }'995 borehole drilling, a perched water zone was encountered that contained 
PCBs, TCA, TCE, 1, I-DCA and 1, I-DCE. According to boring logs in the area, a thick clay layer 
[approximately 6.1 m (20 ft)] lies immediately below the surface fill. The clay is believed to inhibit 
infiltration of surface water, creating a perched water zone within the surface fill. Fractures to the clay 

00-00 I( doc )/08240 I 3-229 



layer are possible and could lead to the introduction of TCE into the groundwater; however, there is not • 
sufficient information available to determine whether fractures exist at this location. Confirmation of 
groundwater contamination associated with these SWMUs is .difficult due to the lack of groundwater 
sampling data for the area and contributors to the Northeast Plume being upgradient from SWMUs 56 
and SO (DOE 1995a). 

'Frace quantities of ~c were detected at all three sampling depths (from 0 to I.S m or 0 to 6 ft) in 
boring H037 at values ranging from 0.5J ± 0.1 pCilg to 1.9J ± 0.2 pCilg. Metals were not detected at 
elevated concentrations. 

Fate and Transport of Contamination 

Transport of contaminants a~ SWMUs 56 and 80 may occur as a result of surface-water runoff from 
surface soils; however, historical sampling indicates that, while this may have been a historical pathway, 
current 'transport of contamination via surface-water runoff is minimal. Drainage from the area flows in three 
directions. The area north of the building drains north to a storm sewer inlet near boring H327 (Fig. 3.61). 
The area south and west of the building drains west to another storm sewer inlet near boring H328 and 
across Nebraska Avenue to swales near borings H347 and' H346. Both storm sewers discharge through 
Outfall 011, where detectable PCBs ihave been identified. The area east of the building drains to a grass
covered swale that leads east along Nebraska A venue, then follows a surface-water drainage line that 
extends across 22nd Street south to boring H343, and discharges to the Outfall 012 Ditch. Based upon the 
presence of 99Tc and TCE in the subsurface, migration of contamination from SWMUs 56 and SO to the 
groundwater remains a possibility. 

Summary of Previous RemedialActions at SWMVs 56 and 80 

In December 1997, the DOE conducted a non-time-critical removal action at SWMUs 56 and 80 to 
remove PCBs in excess of 25 ppm and dioxins in excess of 1.3 ppb. The DOE identified PCB and dioxin 
contamination above their cleanup goals at three of four gridded areas. 

Three areas were identified during the March 1996 sampling activities with PCB concentrations that 
exceeded the 25 ppm cleanup level. These three areas had a total volume of approximately 55 m3 (72 yd\ 
with the depth of contamination confined to the upper 0.3 m (1 ft) of soil (Fig. 3.6J). 

Dioxin contamination exceeding the 1.3 ppb risk-based cleanup levels was present in one of the 
grids at SMWU 80 (Fig. 3.61). Of the dioxin contamination identified, the congener 2,3,7,8-TCDD was 
present at 2.9 ppb. Consequently, approximately 18 m3 (23 yd3

) of dioxin-contaminated soil was excavated 
at SWMU 80. The depth of contamination was isolated to the top 0.3 m (1 ft) of soil. 

3.2.8.4 SWMUs 57 and 81 - C-541-A PCB Waste Staging Area and Spill Site 

Location 

The C-541-A PCB Waste Staging Area (SWMU 57) and soil contaminated with PCBs in the vicinity 
of the C-541 Facility (SWMU 81) is located outside the C-541-A Pump House in the north-central part 
of the ,plant (Fig. 3.62). 
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Setting 

SWMUs 57 and 81 are located in a fairly flat .area that is generally grass covered, except for a gravel 
drive near the building and the concrete-paved roadways. Together, these units cover approximately 45.7 x 
45.7 m (150 x 150 ft) and extend 91.4 m(300 ft)into the drainage swale to the north. 

Surface-water hydrology, wetlands, and floodplains. The western part of this area drains to a storm 
sewer near 14th Street that discharges to KPDES Outfall 001, The remaining area drains north to the 
NSDD and then through Outfall 003. No wetlands have been identified in the vicinity of SWMUs 57 and 81 
(CDM Federal 1994). No l00-year floodplains are adjacent to SWMUs 57 and 81. 

Biological resources. Vegetation inside the fence is mown grass providing very little to no wildlife 
habitat. No potential habitats for T &E species are present within the fence (CDM Federal 1994), 

Soils and prime farmland. Historically, soils within the impacted area· of SWMUs 57 and 81 are 
Henry silt loarns. However, the soils associated with these areas have been disturbed by past activities, 
decreasing the likelihood that any of these areas are prime farmland. 

ManufacturingITSD Processes 

Since 1976, this 1.5 x 3 m (5 x 10 ft) diked staging area has been used for the temporary storage of 
containerized PCB-contaminated waste oils and solids. However, the C-541-A PCB Waste Staging Area 
has not been in use for the last five years, at least. 

• 

Former operating procedures resulted in spills and leaks in this area. The C-541 Facility includes a • 
pump house and four aboveground storage tanks that formerly held thermal insulating fluids containing 
greater than 50 ppm PCBs. Currently, these storage tanks contain dielectric, electrical insulating fluids 
with detectable concentrations of PCBs «50 ppm). The C-541-A Pump House has circulated transformer 
oil to the C-537 and C-535 Switchyards since the 1950s. Originally, underground piping was used to 
transport the insulating fluids to the switchyards. About 20 years later, as a result of repor;ted leaks and 
maintenance problems, the underground piping was replaced with aboveground piping. The old underground 
piping was abandoned in place. 

Summary of Previous Investigations 

The following describes the sampling conducted at SWMUs 57 and 81. As with SWMU 1, data used 
to describe soil contamination at these units are from two sources: Phase I and Phase II of the PGDP SI, 
and additional sampling performed March 1996, reported in an appendix of theFS report. Phase I and 
Phase II SI data were used in the FS to estimate the ·nature and extent of contamination, to calculate risks 
and 'hazards, and to make appropriate response action decisions. The additional samples were collected 
from a more defined, gridded area, in March 1996 to supplement Phase I and Phase 'II SI data. This 
information was used· to refine the area and volume of PCB contamination and~ for SWMUs 57 and 81, to 
confirm whether dioxins were at levels requiring remediation. The results of these investigations are 
presented in the nature and extent of contamination subsection. 

Phase I and' Phase II Site Investigations. Site investigation activities were conducted to assess 
potential releases via· the surface migration pathway only. Sampling was conducted at nine locations: one 
4.6-m (I5-fO boring (H331), three 1.8-m (6-ft) bofings (H041, H042, and H043), and five surface soil 
samples (H332, H333, H334, H335, and H336), 'JIhe sampling stations were selected generally because 
they are within the drainageways ~Ieading from the PCB storage and supply building (Fig. 3.63). 
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Fig. 3.63. Historical samples collected at SWMUs 57 and 81 at the PGDP. 
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AdditionaB sampling to support the !Phase I and Phase II Site Investigation. As previously mentioned, 
additional sampling was perfOFmed in March 1996 to support Phase ,I and Phase 11 SI data. The DOE 
gridded SWMUs 57 and 81 into 29 - 7.6 x 7.6 m (25 x 25 ft) and 15 - 15.25 x :15.25 m (50 x 50 ft) 
sections (a total of 44 sections) and sampled at 0 to 0.3 m (0 to 1 and 5 ft) depth intervals (Fig. 3.63). 

Geology/Hydrogeology 

Silt loam and silty clay loam, which are included in the Henry silt loam soil series, make up the surficial 
deposits at SWMUs 57 and 8il. At depths ranging from 0.3 to 1.2 m (1 t04 [t) bgs, a low-permeability 'layer 
(fragipan) is typically present. The fragipan layer is probably not present at these SWMUsbecause the 
soil was disturbed: during dike upgrade construCtion that took place between November 1993 and April 
1994. Immediately south of these units is an area of Calloway silt loam (USDA 1976). 

Permeability of the silt loam would be between 4.23 x 1O-4c m/sec (1.20 ftld) and 1.41 x 10-3 cm/sec 
(3.99 ftld). If present, the fragipan layer would likely have a permeability of less than 8.4 x 10-5 em/sec 
(0.24 ftld) (USDA 1976). 

The 1.8c.m (6-ft) deep borings H041, H042, and H043 contained dry to moist silty clay. Bo~ing H331 
was 4.6 m (15 ft)deep and contained moist lean clay. Lean clay with some gravel was found in borings 
H322 (OA5 m or 0.5 ft)and H333 (0.15 m or 0.5 ft). The 0.15-m (0.5-ft) deep borings H334 and H335 
contained moist to wet lean clay. A summary of geotechnical testing data for boring H-331 is provided in 
Table 3.71. These data were used in establishing the soil type present at the unit and were also 
considered in the selection of remedial alternatives. 

Table 3.71. Summary of geotechnical testing data at SWMUs 57 and 81 

Natural Atterberg Limits,(%) Grain size analysis 
Boring Sample moisture Finer than Finer than Finer than pH in 

No. depth (fi) content (%) L.L. P.L. P;I. No. 200 (%) No. 40'(%) No.4(%) water 
H331 3 to 5 25.3 39 21 18 93 95 100 4.3 
H33'1 8 to 10 26.4 34 22 12 95 98 100 5.4 
H331 13 to 5 21.3 33 17 16 87 95 100 5.3 

L.L. = Liquid Limit SOl/rct!: CH2M HltL 1992 
P.L. = Plastic,Limit 
P.1. = Plastic Index 

At a depth of about 6.1 to 7.5 m (20 to 25 ft) bgslie the Upper Continental' Deposits. These deposits 
are approximately 10.7 m (35 ft) thick and consist of silty clay interfingered with 'I ayers of sand or silt. 
The Lower Continental Deposits are encountered beneath this formation. In the vicinity of SWMUs 57 
and 81, ,the Lower Continental :Deposits are approximately 12 m(40 ft) thick and consist of well-rounded 
chert gravel and sand. Underlying the Lower Continental Deposits is the McNaifY Formation. 

At SWMUs 57 and 81, the hydraulic gradient is downward from the UCRS to the RGA. Horizontal 
flow within the sand lenses of the UCRS is 'limited, because many of the lenses are not interconnected 
over ilarge distances. Flow in the RGA is to the northeast. 

The monitoring wells, MW165 (AKGWA # 8000-5159) and MW166 (AKGWA # 8000-5160), 
located to the north are the nearest wells to these SWMUs. The 1994 UCRS water levels in MW166 
range from 10.3 to 12.3 m (33.8 to 40.3 ft) bgs, and the screened interval is 10.5 to 11.6 m (33 to 38 ft) bgs . 
Monitoring WeB 165 is screened in the RGA froIll 19.2 to 20.7 m (63to 68 ft) bgs. Water levels ,in '~994 
for this well ranged from 13.6 to 16 m (44.5 to 52.5 ft) bgs. 
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Nature and Extent of Contamination 

The results of the SI sampling indicated that PCBs were detected in surface soils surrounding the 
C-541-A PCB Waste Staging Area and Spill Site and soils in swales leading from the unit. In addition, 
dioxins and furansalso were found in the soils. 

The highest PCB concentration was found at the surface in boring H335 (Aroclor-1260 at 370,000 J 
Jlglkg).located next toa swale west of 15th Street. The PCBs also were identified in surface soil-samples 
to the north. as far as Wyoming Avenue. in boring H336 (3,900 Jlglkg). and to the south as far as boring 
H334:(i1,900 Il'glkg). The PCBs also were detected down to 1.8 m(6 ft) in boring H0411 [17.417 Jlglkg at 
the surface and 9,805 ~glkg 1.2 to L8 m (4 t06 ft) bgs).located in a· ·runof:f area immediately west of the 
SWMUs. The PCBs also were detected down to 1.2 m (4 ft) in boring H042 [740 Jlglkg at 0.61 to L2 m 
(2 Ito 4 ft»), located in a ditch immediately east of the SWMUs. Boring H043, located in the ditch on the 
west side of 15th Street, between H335 and H336, had PCB contamination to a depth of 1.2 to 1.8 m (4 to 
6 ft) at 680 Jlglkg. The only elevated PCBs identified during the additional March 1996 sampling were 
found at about 1'05 ppm in boring 33. No PCBs greater than 25 ppm were detected ibelow 0.3 m (1 ft). 

The lone dioxin detection of concern was identified at the surface ·of boring H043 at 1.7 ppb. 
Confirmation samples collected! from this area during the March 1996 additional sampling revealed the 
maximum dioxin concentration was less than 1.3 ppb, but results were consideredl suspect. 

PAHs ranged from 50J Jlglkg to l00J Jlglkg for individual analytes in the ·surface sample of boring 
H042. The total PAR concentration in ,this sample was 250J Jlglkg. The 0.61- to 1.2-m (2- to 4-ft) sample 
from boring H043 contained phenanthrene, a PAR, ata concentration of 400J Jlglkg. 

The following metals were detected in surface samples H041 and H042 at levels above reference 
values but less .than two times reference values: copper was detected at levels up to 20;800 Jlglkg. which is 
above the reference value of 15.800 ~glkg; silver was detected at levels up to 2.700 Jlglkg. which is above 
the reference value of 1'.900 Ilg/kg; and zinc. which was detected at levels up to 75.300J Jlg/kg. well above 
the reference value ·of 54,400 Ilglkg. Uranium-234 and 238U were detected at levels up to 1.7 ± 0.12pCi/g 
at sampling stations H041 and H042. Traces of 99Tc were detected in soil samples from H042 and H043 
at activities up ito 7.7J ± 6J pCi/g. 

Fate and Transport of Contamination 

Transport of contaminants at SWMUs 57 and 811 may occur as a result of surface runoff from surface 
soils; however, based upon the levels of contamination identified during the March 1996 sampling event, 
surface runoff is no longer a concern at these units. 

The presence of 99Tc at these units indicates that groundwater contamination is a possibility; 
however, based on the levels identified. it is not likely. The highest activity was 7.7 pCi/g. 

Summary of Previous Remedial Actions at SWMVs 57 and 81 

In December 1997, the DOE conducted a nontime-critical removal action at SWMUs 57 and 81 to 
remove PCBs in excess of 25 ppm and dioxins in excess of 1.3 ppb. At SWMUs 57 and 81. the DOE 
identified one PCB area of concern and one dioxin area of concern. 

PCBs ,that exceeded the 25 ppm cleanup level were present in the grid located' south of the C-54'I-A 
Pump House at SWMU 57. The total area of PCB contamination that exceeded the 25 ppm cleanup level 
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was approximately 24 m3 (32 yd\ The depth of contamination was limited to the upper 0.3 m (1 ft) of • 
soil (Fig. 3.63). 

Dioxin contamination was identified slightly above its risk-based cleanup level in soil boring H043 
(1.7 ppb ) completed during the Phase I SI. Consequently, approximately 18 m3 (23 yd3

) of dioxin-contaminated' 
soil was excavated (Fig. 3.63). 

3.2.8.5 SWMU 74 - C-340 PCB Spill Site 

Location 

The C-340 PCB Spill Site (SWMU 74) is located adjacent to the transformer area on the north side 
of the C-340 Reduction and Metals Facility (Fig. 3.64). The inactive C-340 Facility, which was formerly 
used for converting uranium powder to metal, is on the east side of the plant. 

Sening 

SWMU 74 covers a relatively flat area approximately 30.5 x M m (100 x 200 ft) and also extends 
northward approximately 61' m (200 ft) into the drainage swale. The surface on the north and west sides 
of the unit is covered by gravel. Grass cover is present on the east side of the unit. 

Surface-water hydrology, wetlands, and floodplains. The western part of the area drains to a 
storm sewer that formerly discharged to KPDES Outfall OIl. Currently, flow normally directed to Outfall 
(iNl has been rerouted to Outfall 01 O. The eastern part of this area drains east and north to the Outfall 010 
ditch. Also. some stormwater runoff likely would flow north across the road and enter the ditch on the • 
north side of Oklahoma Avenue. Flow in this ditch eventually will reach Outfall 010, which empties into 
Little Bayou Creek. No we~lands have been identified in the vicinity of SWMU 74 (CDM Federal 1994). 
No l00-year floodplains are adjacent to SWMU 74. 

Biological resources. Vegetation inside the fence is mowed grass providing very little to no wildlife 
habitat. No potential habitats for T&E species are present within the fence (CDM Federal 1994). 

Soils and prime farmland. Historically. soils within the impacted area of SWMU 74 are Henry silt 
loams. However, the soils associated with these areas have been disturbed by past activities decreasing 
the ilikelihood that any of these areas are prime farmland. 

ManufacturinglTSD Processes 

Releases of unknown quantities of transformer oil occurred from past operations during the 1950s 
through the 1970s, when the use of PCB oils began to be phased out. 

Summary of previous actions (exciuding remedial actions). On January 20, 1992, nongasket PCB 
Spill Report No. PCB-259 was initiated due to water containing detectable PCBs being released from the 
C-340 transformer dike. Samples taken of this water indicated, 8.7 /lg/L (ppb) PCBs. As a result of Report 
No. PCB-259. the dike ,near the C-340 Building was cleaned and the surrounding soil was excavated in 
accordance with 40 C.F.R. 761' §G. Following the cleanup. verification samples were taken. as specified 
in the regulations, which indicated additional PCB contamination (Carson 1992). 
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Summary of Previous Investigations 

'Fhe following describes the hazardous substances or pollutants/contaminantsdetected at SWMU 74. 
Data used to describe soil contamination at this unit are from Phase I and Phase n of the PGDP SI and 
the 1993 access control project. 

Phase I~ and IPhase II Site Investigation. Site investigation activities were conducted to assess the 
potential releases via the surface migration pathway only. Samples were taken at 12 sampling locations 
near SWMU 74 and SWMU 82: one 4.6-m ('15-ft) boring (H307), and 11 surface soil samples .~H038, 
H039, H040. Hli05, H308, H309, H31O, H311, H312, H337, and H338). Nine ,of the sampling locations 
are SWMU 74 sampling locations, while three are locations associated with SWMU 82. The SWMU 82 
locations cPhase I boring H105 and Phase II borings H337 and H338) are included in the discussion since 
they are in close proximity to some of the SWMU 74 sampling locations and may provide insight into the 
migration of the contaminants from SWMU 74. The sampling stations were generally selected to be 
within the drainages leading from the PCB Spill Site (Fig. 3'.64). 

July 1993 access control sampling event. In June of 1993. at the request ofLMUS' Environmental 
Compliance Department, seven areas surrounding C-340 were sampled in support of the Access Control 
Project. Four sampling points collected during the 1993 access control project were located in the 
vicinity of SWMU 74 and were used for the evaluation of contamination at that unit. 

Geology/Hydrogeology 

Silt Iloam and silty clay loam. which are ,included in the Henry silt ,loam soil series, make up the 
surficial deposits at SWMU 74 (USDA 1976). ~he Henr:y series consists of poorly drained' soils that have 
a fragipan layer . .If the soil in the area !has been undisturbed. ,this fragipan is likely to be present at about 
0:5 m (1.5 ft) bgsand to be about 0.3 to 1.2 m 0' to 4 ft) thick. Henry silt loam is strongly acidic and 
commonly forms in thick deposits of loess or alluvium. 

Permeability in the silt loam would be approximately 4.23 x 10"4 cm/sec (1.20 ftld) to 1.41 x to-3 cm/sec 
(3.99 ftld~. If present, the fragipan likely would have a permeability ofless than 8,4 x 10-5 cm/sec (0:24 ftld) 
(USDA 1976). 

The O.3-m (l-ft) deep Phase I borings were described as dry to moist silty gravel. The Phase II borings 
H307 (4.6 m or 15 ft), H310 (0.15 m or 0.5 ft). H3111 (0.15 m or 0.5 ft), and H312 (1.5 m or 5 ft) contained 
moist lean clay. Lean clay with gravel was found in borings H308 and H309, which were 0.15 m (0.5. ft) deep. 

A summary of geotechnical testing data for boring H-307 is provided in Table 3.72. These data were 
used in establishing the soil type ipresent at it he unit and also were considered in the selection of remedial 
alternati ves. 

The Upper Continental Deposits are present in this area at a depth, of about 4.6 to'6.1 m (15 to 20 ft) bgs. 
These deposits are approximately 1'6.8 m (55 ,[t) thick and consist of sandy clay interfingered with layers 
of sand. Typically the Lower Continental Deposits are encountered beneath this formation. the Lower 
Continental Oeposits here are about 6.1 to 7.6 m (20 to 25 ft) thick .and consist of well-rounded chert and 
sand. Beneath this sand: andl gravel layer lies the McNairy Formation. 

The VCRS is contained within the loess and the Upper Continental! Deposits. Horizontal flow within 
the VCRS is restricted by the lack of interconnected sand lenses over long distances. Water levels in the 
VCRS range from approximately 9.1 to to.7 m (30 to 35 ft) bgs with a downward gradient from the 
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Table 3.72. Summary of geotechnical testing.data, atSWMU 74 

Natural Atterbers Limits (%) Grain size anal~sis 
Boring Sample moisture Finer than IFiner than Finer than pHiD' 

No. depth (ft) content (%) L.L. P.L. P.I. No. 200 (%) No. 40(%) No.4(%) water 
H307 0105 24.0 50 19 31 87 93 99 
H307 5 to 10 22.2 37 18 19 94 98 ,100 
H307 10to 15 2'1.4 39 15 24 91' 96 99 
H307 o to 0.5 23.6 32 22 10 91\' 95 100 6.8 

L.t:.. =iLiquid Limit Source: CH2M HILL '1992 
P.L. = Plastic Limit 
P.I: = Plastic Index 

VCRS ,to the RGA (OOE 1995a). The Phase IV boring F-5. about 60.96 m (200 ft) to the west. has a sand! 
layer from 5.2 to 11.6 m (17 to 38.2 ft) bgs and a' gravel layer from 11.6 to 12.5 m (38.2 to 41 ft) bgs. 
Ouring drilling. a water sample was attempted at 12.2 m (40 ft) bgs in the VCRS, which was unsuccessful as 
a result of insufficient water. The nearest well to SWMU 74 is MW255. originally Phase IV boring iE-8. 
located about 167.6 m (550 ft) to the northeast. The May 1995 depth of water in MW255 was 17.1' m 
(56~1 ft) bgs in the RGA. This well was screened from 27.7 to 29.2 m (91 to 95.7 ft). In this area. flow .in 
the RGAis toward the northeast. 

Nature and Extent o/Contamination 

Four sampling points collected during the 1993 access control project (Fig; 3.64) indicated the presence of 
total uranium from approximately 50 pCiJg to 167 ,pCiJg. In addition. PCBs (Aroclor-1254, -1260, and 
total PCBs) were found in these areas from 1,100 to 26.000 Jlglkg. Finally, 137CS was found at concentrations 
from 0.6 to 0,9,pCi/g (Kennedy 1993). 

The PCB contamination at SWMV 74 is greatest adjacent to the transformer pad; and decreases with 
distance away from the pad, within the drainageways. Levels above 1,000 Ilglkg are limited to the area 
characterized by borings H039, H040~ H309. and H31O.primarily located in the gravel area west of the 
transformer which drains to Outfall OIl. 

Dioxin 'contamination was identified in SWMU 74 samples on each side of the transformer pad at 
concentrations ranging from 3.4 to 9.9 Ilglkg. Technetium-99 activity was detected in the surface sample 
H038 at 0.6 pCi/g ± 0.5 pCi/g. 

Fate and Transport of Contamination 

Transport of contaminants at SWMU 74 niay occur as a result of surface-water runoff from surface soils. 
Outfall gravel cover at SWMU 74 is thought to minimize erosion and transport mechanisms. Based upon the 
contamination present at SWMU 74. migration of contaminants to the groundwater likely is not occurring. 

Previous Remedial Actions 

There have been no previous remedial actions taken at SWMU 74. 
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3.2.8.6 SWMU 79 - C-611 PCB Spill Site 

Location 

SWMU 79 is located near the C-611 Water Treatment Plant on the west side of the plant, adjacent to 
Water Works Road (Fig. 3.54). 

Setting 

SWMU 79 covers an area about 45.7 x 45.7 m (150 x 1150 ft). Much of the area surface is grass 
covered except for the roadways that are gravel. Sometime prior to the early ,1970s, oils containing PCBs 
were spilled or leaked from a transformer near the west side of the C-M 1 Water Treatment Process 
Building. The soils contaminated by this spill make up SWMU 79. 

Surface-water hydrology, wetlands, and floodplains. Surface water from the site drains generally 
to the south in the ditch along the road west of C-611. At Water Works Road, surface flow turns for a 
short distance to the west and then flows again to the south crossing under the road. In.a heavy rainstorm, 
sheet flow also likely crosses Water Works Road southeast of the site. Surface flow from SWMU 79 
eventually drains into Bayou Creek. No wetlands have been identified in the vicinity of SWMU 79 
(COM Federal' 1994). No lOO-year floodplains are adjacent to SWMU 79. 

Biological resources. Vegetation inside the fence is mown grass providing very little to no wildlife 
habitat. No potential habitats for T &E species are present within the fence (COM Federal 1994). 

• 

Soils and prime farmland. Historically, soils within the impacted area of SWMU 79 are Calloway • 
silt loam, 0 to 2% slope; Grenada silt loam, 6 to 12% slope; and Fallaya-Collins silt loam. However, the 
soils associated with these areas have been disturbed by past activities, decreasing the likelihood that any 
of these areas are prime farmland. 

ManufacturingITSD Processes 

There ihave been no manufacturing or TSO processes at SWMU 79. 

Summary of Previous Investigations 

The following describes the hazardous substances or pollutants/contaminants detected at SWMU 79. 
Data used to describe soil contamination at this unit are the Phase I and Phase II of the POOP Sl. 

Site investigation activities were conducted to assess the potential releases via the surface migration 
pathway. Four shallow soil borings were investigated during the Phase:1 site investigation (H053, H054, H055i 
and H(56). The borings were located adjacent to the transformer pad in low-lying areas or swales that likely 
would receive runoff from the facility. Borings HOS3, H054, and H055 were sampled to a depth of L8 m 
(6 ft) and boring H056 was sampled to a depth of 0:6 m (2 ft). Oue to the presence of PCBs in these 
borings, three additional surface soil samples were taken during Phase H. Borings H321 and H322 were 
located near the facility in low-lying areas that potentially could receive runoff from the area. Boring H320 
was located on the northeast side of the facility to determine the boundary of contamination (Fig. 3.65). 

Geology/hydrology 

Silt loam and silty clay loam in the Calloway silt loam soil series make up the surficial.deposits at • 
SWMU 79. This type of soil normally ,is present where loess deposits are relatively flat. If the area has 
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been undisturbed, alow-penneability layer (fragipan) likely is present at about 0.61 to'0.76 m (2 to 2.5 ft) bgs, 
which restricts drainage in the sUlface soils. This Calloway soil usually has a permeability of between 
4.23x 10-4 cm/sec (1.20ft/d) and 1.41 x ,10.3 cm/sec (3.99 ft/d) (USDA 1976). 

Three 1.8-m (6-ft) borings, H053, H054, and H055 at SWMU 79, revealed damp to moist silty clay. 
Boring H056 was only 0.61 m (2 ft) deep and contained .gravelly sandy clay. 

The Phase II borings H320, H321, and H322 were 0.15 m (0.5 ft) in depth and contained' moist lean 
(silty) clay. 

Geotechnical testing data from borings at this site were not available. Taken from the Soil Survey of 
Ballard and McCracken Counties. Kentucky. estimated soil properties for Calloway silt loam or silty clay 
loam are presented in Table 3.73 (USDA 1976). These data were considered in the selection of remedial 
alternatives for this unit. 

Table 3.73. Estimated geotechnical data for Calloway Series Soil 

Soil property 
Liquid Limit 

Plasticity Index 
pH 

No.4 (4.7 mm) 
No. 10 (2:0 mm) 

No. 40 (0.42 mm) 
No. 200.(0.074 mm) 

Percentage passing sieve size 

Estimated value(s) 
25% to 35% 
2% to 8% 
4.5 to 5.5 

100% 
100% 

95% to 100% 
80% to 100% 

SWMU 79 is located on the Porters Creek Clay terrace. At this unit. the Terrace Gravel is present .at 
a depth. of about 6.1 m (20 ft) bgs. These terrace deposits are approximately 0.61 to 2.4 m (2 to 8 ft)thick 
and consist of gravelly sand and clayey gravel. The Lower Continental Deposits are absent in this area. 

Groundwater flow in ,this area would predominately occur within the Terrace Gravel above the 
Porters Creek Clay. Water within this gravel is thought to discharge to the Upper Continental Deposits or 
to Bayou Creek. Since this unit is on the terrace, the RGA is not present at SWMU 79. Average water 
levels at the former sanitary landfill (SWMU 8) near SWMU 79 are about 3.4 to 4.8 m (11 to 15 ft) bgs in 
the Terrace Gravel. The closest monitoring well to SWMU 79 is MW318, which was screened in the 
Terrace Gravel from 3.9 to 6.9 m (12.9 to 22.6 ft) bgs. The water level measured in this well in July 1994 
was 2.3 m(7.5 ft) bgs. 

Nature and Extent of Contamination 

Low levels of PCBs were detected in surface soils next to the transformer and soils in swales leading 
from the unit. In addition, Octachlorodibenzo-p-dioxin was detected in surface samples collected from 
four borings (H053, H054, H055,and H056) at concentrations ranging from 1.53 #l.g/kg to 8.69J IJ.g/kg. 
Other organic compounds (fluoranthene, pyrene. andl some pesticides) were detected in borings H055 and 
H056 at concentrations ranging from 24 IJ.g/kg to 8m JLg/kg for individual analytes. 

Five metals were detected above reference concentrations in surface samples H053. H054, and 
H055: (1) arsenic was detected ata concentration of 1,5,0001 JLg/kg. which is above the reference value of 
}Ii ,800 IJ.glkg;(2) barium was detected at a concentration of 231,000 JLg/kg, which is above the reference 
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concentration of 157,000; (3) copper was detected at a concentration of 17,600 lLg!kg; (4) silver was 
detected at a concentration of 2,900 J.lglkg; and (5) zinc was detected: at a concentration of 60,2001 ILglkg. 

Technetium-99 (up to 1.4J pCiJg ± OA pCiJg) was detected in borings Ha53 and H054. The 239pu 
also was detected at 0.36 pCi/g ± 0; 17 pCi/g in the surface sample collected from H054. Dioxins, PAHs, 
metals, and radiological contaminants are not at levels of concern for SWMU 79. 

Fate and Transport of Contamination 

Transport of contaminants at SWMU79 may occur as a resul~ of surface-water runoff from surface 
soils; however, sampling results indicate this not occurring to a significant extent. Based upon the 
contamination present at SWMU 74, migration of contaminants ,to the groundwater likely is not occurring. 

Summary of Previous Remedial Actions 

There have been no previous remedial actions taken at SWMU 79. 

Summary of Previous Risk Assessments 

The summary presented in this. section was taken from the Remedial Investigation Addendum/or 
Waste Area Grouping 23 (DOE 1994a). Specifically, the risk summary tables of the WAG 23 Addendum 
contains the pertinent risk information that will be repeated here. The purpose of this activity was to 
determine the nature and extent of contamination and risks associated with nine following SWMUs. 

• SWMUl C-747-C Oil Landfarm 

• SWMU 32 C-728 Clean Waste Oil Tanks 

• SWMU33 C-728 Motor Cleaning Facility 

• SWMU56 C-540-A PCB Waste Staging Area 

• SWMU57 C-541-A PCB Waste Storage Are 

• SWMU74 C-340 PCB Spill Site 

• SWMU79 C-611 PCB Spill Site 

• SWMU80 C-540-A PCB Spill Site 

• SWMU 8:1 C-541-AiPCB Spill Site 

Table 3.74 summarizes the risks for these SWMUs calculated in the WAG 23 Addendum. These 
risks are being compiled from Tables 2-9, 3-5,4-5, 5-5, 6-4, and 7-3 of the report. Subsequent to the WAG 
23 Addendum being completed, several of these SWMUs were remediated. The risk results then were 
recalculated and presented in Residual Risk Evaluation Report for Waste Area Grouping WAG 23 and 
Solid Waste Management Unit 10f Waste Area Grouping 27 at the Paducah Gaseous Diffusion Plant, 
Paducah, Kentucky (DOE 1999d); Table 3.75 summarizes the residual risk ·results from the Residual Risk 
Report. The Residual Risk Report information presented) here comes from the Executive Summary. The 
Residual Risk Report addressed the effectiveness of the PCB, dioxin, and furan cleanup that was 
undertaken at SWMUs 56, 57, 8a, 811, and 1. SWMUs 32, 33, 74, and 79 were determined· to require no 
further action ,in the WAG 23 FS. The baseline risk results presented in Table 3.75 are taken from the 
WAG 23 FS . 
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Table 3.74. Summary o~ WAG 23 Addendum risk results 

Direct Contact to Soil 
(0 to 1 n bs) 

Chemical: Cancer Risk Estimate 
Chronic HI 
Radiological Cancer Risk Estimate 

Direct Contact to Soil 
(0 t06 nbs) 

Chemical Cancer Risk Estimate 
Chronic HI 
Radiological Cancer Risk Estimate 

Ingestion of Groundwater 

Cancer Risk Estimate 

Chronic HI 

Radiological Cancer Risk Estimate 

Direct Contact to Soil 

Cancer Risk Estimate 
Chronic HI 
Radiological Cancer Risk Estimate 

Direct Contact to.Soil 

Cancer Risk Estimate 
Chronic HI 

Direct Contact to. Soil 

Cancer 'Risk Estimate 
Chronic HI 

Direct Contact to Soil 

Cancer Risk Estimate 
Chronic HI 

Direct Contact to Soil 

Cancer Risk Estimate 
Chronic HI 
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SWMUI 
On·Site Worker 
(250 day/year) 

6 xIO-4 

8.5 
6 xIO-6 

On-Site Worker 
(250 day/year) 

5 xIO·4 

6.0 
3 xIO-s 

Future Orr-Site Resident 
UCRS 

MWI62. 5 )(10-4 

5.3 

WorkerlIntruder 
(25 day/year) 

6 x 10-5 

0.85 
6 X 10-7 

WorkerlIntruder 
(25 day/year) 

5 x 10-5 

0.6 
3 xlO-6 

Future Orr-Site Resident 
RGA 

MWI6J, I xIO-3 

11.2 

MW162.2 xIO-6 MW161.-
SWMUs 32 and 33 

Future On-Site Worker 
(25 day/year) 

3 xlO-s 

0_12 
2 X 10-7 

Current WorkerlIntruder 
(250 day/year) 

3 xlO-4 

1.2 
2 xlO-6 

SWMtls 56 and 80 
Unrestricted Worker 

(250 day/year) 
3 xlO-3 

35A 

Worker/Intruder 
(25 day/year) 

SWMl1s 57 and 81 
Unrestricted Worker 

(250 day/year) 

SWMU74 
Unrestricted Worker 

(250 day/year) 

SWMU79 
Unrestricted Worker 

(250 day/year) 
3 X 10-5 

0_05 

3-244 

WorkerlIntruder 
(25 day/year) 

9 X 10-5 

0.13 

WorkerlIntruder 
(25 day/year) 

2 xlO-6 

0_001 

Worker/Intruder 
(25 day/year) 

3 X 10-6 

0_005 

Contaminant Contributing 
to Risk 

Be. rCDD. PCBs. As 
TCDD 
238U.237Np 

Contaminant Contributing 
to Risk 

Be. PCBs. As. Dioxins. Furans 
TCDD 
235U. 238lj. 237Np 

Contaminant Contributing to 
Risk 

RGA fi Be TCE. I.I-OCE 
UCRS fi Vinyl chloride. TCE. 
As. Be. I.I-DCE 
RGA fi Mn. Ba. Cr. Carbon 
disulfide 
UCRS fi As. Mn. Cr. V 

99Tc 

Contaminant Contributing 
to Risk 

TCDD. PCBs 
TCDO 
238U 

Contaminant Contributing 
to Risk 

Dioxins. PCBs. Furans 
Dioxins. Furans 

Contaminant Contributing 
to Risk 

Dioxins 
Dioxins. Furans 

Contaminant Contributing 
to Risk 

PCBs 
None 

Contaminant .Contributing 
to Risk 

PCBs 
None 
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Table3.7S.Summaryoftbe Residual Risk Report findings for WAG 23 

Scenario 

Future Industrial Worker 
Current Industrial Worker 

Future Industrial Worker 
Current Industrial Worker 

Future Industrial Worker 
Current Industrial Worker 

SWMU 
1 56 and 80 

Baseline risk assessment results for total cancer risk" 
5 x 10-4 3 X 10-3 

5 X 10-5 3 X 10-4 
Residual risk assessment results for total1cancer risks 

4 x 10-5 3 x 10-5 

4 X 10-6 3 X 10-6 

Percent reduction in totalicancer risk 
91%99% 

a Taken from Table 2_8 of the WAG 23 FS 

57 and 81 

9x 10-4 

9 X 10-5 

8.x 10:5 

8x 10:6 

91% 

Table.3;76. List,ofSWMUs included in lJST investigation8 

Tank number 
C-746-AI 
C-750-A 
C,750-B 
C-750-C 
C-750-D 

C-200-A 
C-71O-B 

SWMU designation Volume (gal) 
139 

24 

10.000 
10.000 
1.000 

500 
200 

Construction 

Open hearth steel or wrought iron 
Open hearth steel or wrought iron 
Open hearth steel or wroughtiron 

Steel, 
Steel 

• Modified from Table I-I of Martin Marietta Energy Systems 1992b 

3.2.9 Underground Storage Tanks 

3.2.9.1 Overview of USTSite Investigation 

Contents 

Gasoline 
Diesel fuel 

Waste oil or solvents 
PCB-contaminated 

wasteoilland solvents 
Gasoline 
Gasoline 

Age 

=4'1 yrs. 
= 4'1 yrs. 
=4'1 yrs. 

=4'1 yrsc 
=4'1 yrs . 

SWMUs evaluated in the US'f site investigation at the PGDP include ,the C-750'-A, C-750-H, C-750-C, 
C-750-D, C-200-A, and C-71O-B USTs. A list of all UST SWMUs, including volume estimates, former 
contents, and I probable construction. ,is provided as Table 3.76. All of the tanks are located l within the 
PGDP security fence in the south~entral! portion of the facility. These units were investigated due to 
categoricalregulation as underground storage tanks. with the exception of the C-750-D UST. Figure 3.66 
shows the location of these units relative to the PGDP facility structures. 

The primary references used tosumrnarize the USTs include: the Final Site Evaluation Report for 
WAG 15. C-200-A UST and C-7JO-B UST, Paducah Gaseous Diffusion Plant. Paducah Kelltucky (DOE 
1996c);Corrective Acton Planfor Petroleum Product Underground Storage Tanks Located at the C-750 
Garage Facilities. Paducah Gaseous Diffusioll Plam, Paducah; Kentucky (MMES 1992b); and Investigation 
and Corrective Action Plans for C750-A and C-750-B Underground Storage Tanks at Paducah Gaseous 
Diffusion Plant ,(MMES 1~991). 

The C-7S0-D UST is identified as SWMU 24. The C-746-Al UST is identified' as SWMU 139, and 
no UST was discovered at SWMU 140. 
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• 3.2~9.2 Description of SWMUs 

Location 

The C-200, C-7W..:B, and C-750 USTs are located in the south-centralportion of the 'PGDP security 
area. The,C-200-A UST is located1on the north side oftheC-200 Building and has a capacity of 110 gal'. 

The C-710-B UST is located at eastside of the C-710 facility. The C-710~B UST is located at the 
base of a U-shaped portion of the C-710-B building with parallel air, nitrogen, and steam lines running 
north/south, perpendicular to the north side and the ,south side of the building Ilegs enclosing the tank 
inside the V-shape. The base of the C-71O-Btank is located approximately 4 m (12 ft) bgs. 

The C-750 USTs surround'the C .. 750 Building. The C· 750-A US'F is located immediately east' of the 
C-750 Building. The C-750-A UST, SWMU 142, was a 10,OOO-gal UST that was used to store gasoline. It was 
removed in 199L The C-750-B UST, SWMU 143, was a 1O,OOO-gal UST that was also removed in 1991. The 
C-750-C UST is located west of the main section. of the C-750 Building. The C-750-D US'F is located 1'5 m 
(50ft) west of the C-750Building. This UST was used from 1953 to 1982 to accumulate waste oils that were 
then sold toreclaimers. The C-750-D is buried beneath a concrete pad and is of unknown origin and condition. 

Setting 

The C-200 facility is the Guard and Fire Headquarters for the plant. This building houses the 
facilities for the police and fire services personnel. The facility is an irregular, L-shaped structure with a 
floor area of 1811 m 3 (19,490 ft\ 

• The C-n<Vl'echnicali Services Building provides space for laboratories, offices, a shop, and storage 

• 

areas. Research and development, troubleshooting, and analytical support personnel are housed in this 
L-shaped building that has a floor area of8268 m2 (88,997 ft\ 

TheC-750 Garage houses the service and maintenance of all automotive and heavy mobile equipment 
used in the plant. This L- shaped one-story structure has a floor area of 1,10 m2 (1186 ft2

). 

ManufacturingITSD Processes 

TheC-200-A UST was constructed in 1957 and was filled with concrete in 1977. The C~200-A US'F 
was used for gasoline storage that fueled emergency generators inside the C-200 Building. The C-710 
liST was emptied in li985 and contained gasoline. The 'C-750-A and C-750-B USTs were constructed in 
1'955, closed in 1,989, and removed in 1991. The two USTs along with the associated piping. and 365 yd3 

of soil were removed. 

Summary of Previous Investigations 

Site investigations/remedial investigations. In July 1989,petroleum hydrocarbons were discovered in 
MW69. located approximately 150m (500 ft) northeast of the C-750 Building. A preliminary assessment 
was conducted to determine the source(s) of the contamination. The results of the assessment indicated 
that six tanks located in the vicinity of theC-750 Building could have contributed to the contamination 
detected in MW69; C-750-A, C-750-B. C-750-C.C-200-A, C-7l0-B, and C-750-D. Tank C-750-1) was 
subsequently removed from further remedial investigations because it had been used for the storage of 
waste oils containing PCBs and uranium. which by the presence of these contaminants exempted the tank 
from UST regulations and, required separate investigation (MMES 1992c). 
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The C .. 200 area was in~estigated in 1991!. The tank was filled with grout in 1977; therefore, the • 
contents of the tank could not be sampled' but did contain gasoline at one time. 

The C-710 UST was sampled in 1996. The sample was analyzed for BTEX and iead. No lead 
disco~ered abo~e the quantification limit of 0.25 mg/L. 

The C-750-A and C-750-B USTs were in~estigated in 1989. Readings from a shallow monitoring 
well 91 m(300 ft) from the USTs showed the presence of organic ~apors. Sampling of the soil: produce 
during the drilling of this well also indicated the presence of organic petroleum components. A second 
phase of the investigation was initiated in 1991. 

In 1998 the DOE conducted an RI for the WAG 27 units at the PGDP. The D J Remedial Investigation 
Report for Waste Area Grouping 27, Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1998f) 
was used to evaluate the potential impacts to the groundwater from the C-750 USTs. The investigation 
included the C-720 facility, which is located near the C-750 garage area. Numerous borings and 
groundwater samples were taken from this area to e~aluate the presence of TCE in the RGA. Based on 
the findings from the sampling data, thee-nO area is not as significant a source of TCE to the RGA as is 
the C-400 area. 

Sources of Data 

Since the results of the preliminary investigation in the C-750 area indicated that the C-750-A and 
C-750~B had leaked, the primary focus of the subsequent investigation was to determine the extent of 
contamination that was released from the site. A total of 13 soil borings/monitoring wells were 
completed near the C-750 facility and surrounding area in 1991. The soil borings and monitoring wells • 
installedl as part of this investigation are shown in Fig. 3.67. 

The WAG 27 RI included two soil borings within the C-200 area. The borings were located east and 
northwest of C-200. Based on a decreasing trend of TCE concentrations from the north side of the C-720 
Building. and a significant decrease underthe C .. 200area. the source of TCE appears to be located near the 
northeast comer of the C-720 Building. 

Hydrogeologic Conceptual Site Model 

Five stratigraphic units have been identified to evaluate groundwater flow at the PGDP. These five 
units include: 

• Hydraulic Unit (He) 11: loess; 

• HU 2: discontinuous sand and gravel lenses in a clayey silt matrix; 

It HU 3: relatively impermeable clay layer that acts as the upper confining layer for the RGA; 

• HU 4: predominately continuous sand unit with a clayey silt matrix which directly overlies the 
RGA; and 

It HU 5: gravel. sand, and silt. This is the primary pathway for groundwater transport of contaminant 
away from the SWMUs. and is the uppermost aquifer in the area of the PGDP. 

The hydraulic conductivities of the sand comprising the HU 2 and HU 4 are typically two orders of • 
magnitude higher than clays and sHts, which make up HU 1 andHU 3. 
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Nature and Extent of Contamination 

The results of the· 1992 site investigation indicate that three of the VSTs investigated: C-200-A, C-710, 
and C-750-C have not leaked. This is based on the results of the sampling in and near the VSTs and 
historical documentation indicating the materials stored in the tanks. The most conc1usive evidence to 
support these conc1usions was the soil and groundwater samples associated from MW209, which is 
located 5 m (15 ft) from C-200-A. These boring and subsequent monitoring well data did not indicate the 
presence of BTEX, or other contaminants above background levels ~DOE 1992). 

The sampling locations that were used to evaluate theC·710-B were SB-01: located approximately 1.8 m 
(6 ft) norihof C-71O-B and MW210 installed approximately 6 m (20 ft) northeast of C-710-B. In addition 
to the soil and groundwater samples, a tank sample was collected from C-71O-B to characterize the 
residual contents of the tank and to provide relati ve concentrations for the constituents found. These 
results affirm the conc1usion that the C-71 O-B tank has not leaked. 

The C-750-A and C-750-B VSTs are believed to be the source of the soil contamination detected in 
the soils and groundwater northeast of the C-750 garage. ~his soil contamination is bounded to the east 
by MW213, to the north by soil boring SB-02, to the west by SB-03, and to the south by piping that was 
utilized with fuel services from these two tanks. A groundwater plume in the VCRS of the BTEX compounds 
has also been defined. This plume emanates to the northeast from the C-750 USTs and is bounded to the 
east by MW213, the north by MW69, to the west by SB-G3, and to the south by MW207; The vertical 
extent of the plume has been bounded by data from MWs 68 and 71. Based' on sampling data from these 
wells, and consideration of the conceptual site model, it is determined that the RGA has not been 
contaminated by the C-750-A and C-750-B USTs. 

Contaminant Fate and Transport 

TheC-750-A and C-750-B VSTs have leaked BTEX compound within the VCRS. This plume 
extends from the VST to the northeast as indicated in Fig. 3.68. 

The C-200-A, C-71O; and C-750~C USTs are not suspected of leaking and therefore do not require 
fate and transport assessments. 

Previous Remedial Actions 

The C-200-A VST was used for gasoline storage from i1957 to approximately 1977. It was then 
permanently filled with concrete and taken out of service. The C-71O-B VST was installed in 1955 and 
emptied in 1985. Based on the sampling information collected in the area, corrective action for the C-710 
VST was not required. The preliminary investigation included testing of the C-750-A and C-750-B VSTs 
and completion of three soil borings in the area. Subequently, the C-750-A and C-750-B VSTs were 
emptied in July 1989 and removed in March 199'1. 

3.2.9.3 Risk Assessment Summary 

The summary presented in this section was taken from Baseline Risk Assessmelll for the Underground 
Storage Tanks at the C-200, C-710, and C-750 Buildings, Paducah Gaseous Diffusion Plant, Paducah, 
Kentucky (MMES 1992d).Specifically. the risk summary tables of the VSTBRA contain the pertinent risk 
information that will be repeated here. The purpose of this BRA was to present the potential human health risks 

• 

• 

associated with the PGDP VSTs in the absence of any corrective action. The goal! of the BRA was to provide a • 
framework for developing the risk infonnation necessary to assist decision making at a remedial site. 
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Table 3.77 summarizes the risks forthese USTs calculated in the UST BRA. These risks are being 
compiled from, Tables 5-1 to 5-4 of the UST BRA. Subsequent to the UST BRA being completed, several • 
of these USTs were remediated. 

Table 3.77. Summary risk results from the UST BRAs 

Scenario (light industrial) Systemic toxicity Excess lifetime cancer risk 
Site-specific Estimate 0;82 
Reference Estimates 1.1 
a Taken from Tables 5-1 to 5-4 of the UST BRA (MMES 1992d) 

1.5 X 10.4 

7.9 X 10'5 

The summary presented in this section was taken from Baseline Risk Assessment for Underground 
Storage Tanks 130. 131. 132. 133, and 134 as presented in the WAGs 1&7 RFJIR1, Paducah Gaseous 
Diffusion Plant, Paducah, Kentucky, UST Facility/Site Identification Number 6319073 (LMES 1996a). 
Specifically, the Executive Summary and Chapter 7.4 of the WAGs I and 7 UST BRA contain the pertinent 
risk information that will be repeated here. The purpose of this BRA was to present the potential human 
health risks associated with the WAGs I and 7 USTs in order to close the sites. 

Table 3.78 summarizes the risks for the USTs calculated in the WAGs 1 and 7 UST BRA (LMES 
1996a). These risks are being compiled from Tables ES.I and ES.2 of the BRA. Note that USTs 130, 
131, and 132 had no use scenarios of concern. 

Table 3.7S. Summary risk results from the WAGs}' & 7 UST BRA 

UST 133 
Scenario Systemic toxicity Excess lifetime cancer risk 

Future adult rural resident 
Future child rural resident 

Future adult rural resident 

none 
none 

UST 134 
none 

Future child rural resident none 
Notes: NA = ELCR notapplicablc'lo child.cohort. Values for adult ELCR include exposures as a child. 
a Taken from Tables ES.I and ES.2 of the WAGs I & 7'US:r BRA (l!.MES 1996a) 

9 X 10.5 

NA 

3 X 10.6 

NA 

The summary presented in this section was taken from Baseline Risk Assessment for Exposure to 
Polycyclic Aromatic Hydrocarbons at Underground Storage Tanks C-750 A&B. Paducah Gaseous 
Diffusion Plant. Paducah. Kentucky (LMES 1996b). Specifically, the Executive Summary and Appendix 
Bof the C-750 A&B UST BRA contain the pertinent risk information that will be repeated here. The 
purpose of this BRA was to present the potential human health risks associated with PAHs at the C-750 
A&B USTs in order to close the sites. 

Table 3.79 summarizes the risks for the USTs calculated in the C-750 A&B UST BRA. These risks 
are being compiled from Tables 9 and 10 from Appendix B. 

Table 3.79. Summary risk results from theC-7S0 A&B UST BRA 

C-7S0 A&B UST 
Scenario Systemic toxicity Excess lifetime cancer risk 

Future Excavation Worker 0.00554 4.13 X 10.6 

a Taken from Tables 9 and 10 of the C-7S0 A&B tJSTBRA~LMES 1996a) 
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3.2.10 WAG 3 

WAG 3 consists of three SWMUs: the C-747 Contaminated Burial Yard (SWMU 4), the C-746-F 
Classified Burial Yard! (SWMU 5), andG747-B Burial Ground (SWMU 6) (DOE 1998e). All three·.of 
,these sites are located in the west-centraland northwestern portion of the PGDP security area (Fig. 3.69). 
According to the PGDP Site Management Plan (DOE 1999c), ,the SWMUs in WAG 3 were grouped! as a 
,result of common geographical location, common release mechanisms, and the potential to apply a 
common remedial technology to each of the units, as necessary. The EPA and KDEP approved an RJJFS 
for the SWMUs in WAG 3, andi field activities were completed in 1999 and early 2000. 

3.2~10.1 C-747 Contaminatedl'Burial Yard (SWMU 4) 

Location 

lIhe C-747 Contaminated Burial Yard (SWMU 4) is located south of the C-749 Uranium Burial Ground 
(SWMU 2) and the C-404 Low-Level Waste Burial Ground (SWMU 3), in the west-central portion of.the 
PGDP_ SWMU 4 is bounded to ,the north by Virginia Avenue, to the east by 6th Street, to the west by 4th 
Street, and to the south by an active railroad spur. 

A figure depicting the relative location and dimensions of SWMU 4 is provided as Fig. 3.70. 

Setting 

SWMU 4' primarily is an open grass field consisting of approximately 2 hectares (5 rtl3 acres) that 
was used at one ,time for the disposal of various waste materials in burial cells. The SWMU is enclosed 
'by a chain-link security fence with limited access to authorized personnel only. A subsurface geophysical 
survey was completed during the WAG 3 investigation prior to- delineating sample locations. The survey 
identified four distinct anomalous areas within the SWMU. The following subheadings provide 
information on the setting of SWMU 4, including ·surface-waterhydrology, biological resources, .soils, 
and surface and subsurface features. 

Surface-water hydrology, wetlands, and floodplains. Surface-water drainage swales .are located 
along the borders of the SWMU to the north, east, and west. The shallow drainage swales direct surface 
runoff to ,the northwest comer, under Virginia, Road, and into the KPDES Outfall 015 effluent ditch. 
Outfall 015 empties into Bayou Creek on the west side of the plant. There are no streams, wetlands, or 
lOO~year floodplain areas within SWMU 4. 

Biological resources. SWMU 4 is covered in field grasses and clovers with the exception of a short, 
narrow, gravel road that enters from 4th Street. The road is rarely used and is nearly completely grass 
covered. Since the SWMU is located' within the security area of the plant, is surrounded' by a security 
fence, and is fairly regularly mowed. it provides Hmited habitat for wildlife. No T&E are known to be 
present at SWMU 4. 

Soils and .prime farmland. Native surface soils at PGOP are part of the Calloway-Henry 
Association. However,in SWMU 4, ,it is likely ,that extensive reworking of the surface [as a result of the 
burial cell excavations and associated constmcti()n activities (e.g., road buildingH has resulted in removal 
of much of the native soil cover. At SWMU 4, it appears that a cap, up to approximately 0.9 m (3 ft) 
thick, has been placed over the entire area . 
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Underground utilities. No underground utilities are located at SWMU 4. However an underground •. 
water line is located to the south and southeast of the SWMU. 

Geology/Hydrogeology 

The stratigraphy for SWMU 4 has 'been inferred from a total of 45 soil borings that were placed 
within ,the SWMU and along the perimeter of the SWMU boundary. These boreholes include 4 DWRC 
horingslhat were drilled into the McNairy Formation, 8 angled HSA borings that were advanced to under 
the burial cells, and 29 vertical DPT and 4 vertical HSA borings completed at varying depths. 

Sandy. silty clays and clayey silts make up the upper 6 m(20 ft) of soil (identified on cross-sections 
as HUl). The HU2 interval (ranging from silty clay to sandy clay to gravelly. silty clay to gravel~ extends 
from 6-12 m(20-40 ft) bgs with an average thickness of 6 m (20 it). It is likely that the coarser-grained 
lithologies form lenses within the HU2. An underlying interval primarily consisting of silt and clay with 
varying amounts of sand and a few gravels. the HU3.is found at 12-17 m (40-55 ft) bgs. The variable 
lithology of HU3 in the area of SWMU 4 suggests that the HU3 has a reduced capacity to function as an 
aquitardrelative to other areas of the plant. 

The RGA (consisting ofHU4 and HU5) was identified at a depth of )17-37 m (55-120 ft)bgs. An upper 
1.5 m(5 ft) thick sand makes up the HU4. The HU5consists of a mixture of medium-grained. well-sorted 
sand with varying percentages of moderately well-sorted, sub-rounded to subangular chert gravel. A 
sandy clay found at depths of 32-35 m (105-11'5 ft) bgs. defines a transition zone between the RGA and 
McNairy Formation. The dark gray to greenish-gray clay characteristic of the McNairy Formation was 
encountered at depths ranging from 30 m (100 ft)bgs in the east to 35 m (115 ft) bgs in the west. 

The base of the RGA deepens to the west and forms a trough in the McNairy Formation. As compared 
to the normal thickness of the RGA across the PGDP. 12-14 m (40-45 ft). the total thickness of the RGA 
under the west end of SWMU 4 is 1'8-20 m (60-65 ft). This trough is a preferred pathway for groundwater 
(and contaminants). migrating from SWMU 4. making the SWMU a likely contributor to the Southwest 
Plume. 

ManufacturingITSD Processes 

The C-747 Contaminated Burial Yard operated from 195:1 through 1'958. and was used for disposal of 
radiologically contaminated and non-contaminated PGDP waste materials and excess equipment. Some of 
the material was burned prior to disposal. According to PGDP personnel, a majority of the contaminated 
material was buried in the northern part of the burial yard. Also. sludges that originally were designated for 
the C-404 burial area also may have been placed into the C-747 Contaminated Burial Yard; these sludges 
historically consisted of uranium-contaminated solid waste and 99Tc-contaminated magnesium fluoride. 
The total quantity ·of waste buried attheC-747Contaminated Burial Yard is unknown. When the yard was 
closed. a smaller pit was reported to have been excavated for the disposal of radiologically contaminated 
scrap metal. In 1982, the entire burial yard was covered withO.6 to'0.9 m (2 to 3 ft) of soi):,material and a 
115-cm (6-in.) clay cap. 

Summary of Previous Investigations 

Site Investigations/Remediallnvestigations. The C-747 Contaminated Burial Yard was investigated 
during theCERCLA Phase II Site Investigation~CH2M HILL 1992). This investigation included a 
geophysical survey. radiation walkover survey. infiltrometer testing, and collection of soil samples from 
four boreholes. 

00·00 I (doc )/08240 I 3-256 

• 

• 



• 

• 

• 

The WAG 3/SWMU 4 investigationinc1uded a geophysical survey, surface radiological walkovers, 
infiltrometer testing, CPT borings, collection of subsurface soil and groundwater samples from 45 boreholes, 
and surface soil/sediment samples from five locations. 

As. part ofthe geophysical suwey during the Phase IT SI, an electromagnetic conductivity survey was 
performed to delineate the location of the site ,burial pits, followed by a Hmited magnetometer survey to 
define selected anomalies. Survey results indicated four main anomalous areas, interpreted to be buried 
metal and wastes, located in the westerntwo""thirds of the burial yard. The WAG 3 RI geophysical survey 
confirmed the delineation of the waste cells and identified an additional waste cell in the northeastern 
comer of the SWMU. 

The radiation walkover during the Phase IT SI consisted of a low-level gamma radiation survey of 
the site. Data from the survey indicated elevated readings in the east, north, and west perimeter ditches 
surrounding the site; readings did not exceed three times the background established for the survey. 
Localized contamination was detected along, the western half of the southern portion of the site, and along 
the northern portion of the site. Shielded re-scans of the areas resulted in near background readings, 
indicating beta radiation was being detected. Atone location in the southwest comer of the site, unshielded 
and shielded readings were nearly equivalent, suggesting the presence of ganmia-emitting nldionuc1ides. 

Additional radiological screening surveys over portions of SWMU 4 were conducted in May and 
June of 1996 by Lockheed Martin Utility Services. Results indicated two small areas located .in the 
western portion of the SWMU 4 required flag~ing and demarcation as radiological contamination areas; 
a small hole located within these areas provided a 399,OOOdpm;J3/a. The ditches surrounding the SWMU 
also were flagged as radiological contamination areas,with counts as high as 119,700dpm(3/a . 

~he . WAG 3 RI radiation walkover targeted areas twice the established background for further 
investigation. Two small areas above twice background were noied in the southwestemportion of the 
SWMU. The maximum activity in this area was approximately 200,000 cpm with abackgr~und of 
30,000 cpm. In addition, a small area in the southemportion ofthe SWMU had anactivity'of'53,OO cpm 
with theb~ckground of 30;000 cpm. In response to the elevated 'levels,an ill situ gamma spectrometry 
investigation was performed~ Seven samples were collected in'SWMU 4. The results of the ill situ 
investigation did not indicate the presence of radioactive contamination. 

The geophysical and radiation walkover surveys were used to select locati()ns for four soH borings at 
the C-747 site during the Phase IT SI. Soil borings werelocated on all four ·sides of the burial area, and 
drilled approximately to the top. of the 003 interval [i.e., 13 m (40 ft) bgs]. 

Infiltrometer tests were conducted at the three surface sampling locations to estimate the infiltration 
rate during the Phase IT SI. The results of the ·infiltrometer testing indi~ate the cap placed over the C-747 
Contaminated Burial Yard consists of a leanc1ay with a laboratoryperrneability in the range of 1 x lO'<>icrn!sec. 
Two additional infiltrometer tests were completed as part of the WAG 3 RI. The soil was, c1assifiedlas 
Group C 'soils 'having ,minimum infiltration rates in the range of O.1-GA centimeters per houri «(i);(i)5-O.15 ,inches 
per hour) and. consisting of alayerJhat impedes downward movement of water. In addition;,·three'surface 
soil samples were collected to,evalwlte the geotechnical 'parameters of the cover material placedovei 
buried waste areas of the site., 

The WAG 3/SWMU 4 RI subsurface exploration began with three CN borings used, to characterize 
the depth of the shallow hydrogeologic units at the site. Soil and groundwater samples were collected 
from 41 UCRS borings (29 DPT, 4 vertical HSA, and 8 angled HSA) ,throughout the SWMljL Four 
borings drilled through the RGA and into the underlying McNairy Formation around, the perimeter of the 
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SWMU (DWRC borings) provided deep groundwater samples. Five ·surface soil/sediment samples were • 
obtained from within the SWMU and from the drainage ditches surrounding the SWMU. Significant levels 
of VOCs and PCBs were encountered in the soils and groundwater. Elevated levels of radionuclides. 
SVOCs, and metals also were encountered at SWMU 4 during the WAG 3 RI. 

Conceptual Site Model 

The preliminary conceptual site model for the human health risk assessment is provided as Fig. 3.71. 

Nature and Extent of Contamination 

Organics. Soil samples from Phase II sample H227 contained VOCs and SVOCs; however, only 
VOCs and one occurrence of SVOCs were detected at depth. VOCs also were detected in the bottom 
interval of the H225 boring. 

Samples collected during the WAG 3 RI indicated VOCs are present in the subsurface soil, VCRS 
groundwater, and RGA groundwater at SWMU 4. Most of the VOCs detected are TCE and its degradation 
products. The majority of the samples in which TCE was detected in both subsurface soils and VCRS 
groundwater are beneath or adjacent to the burial cells and generally are below 7 m(23 ft) bgs. This 
suggests that sources of TCE have been disposed of in the burial cells, and that these sources have been 
mobilized by precipitation infiltrating through the surface soils, down through .the cells, and into the 
underlying soils. 

In the RGA. VOCs are encountered in the three DWRC borings located west of the SWMU 
(downgradient), while lower levels of VOCs are encountered east of the SWMU (upgradient). Based on • 
available data, groundwater flow in the RGA is generally west at SWMV 4. These data indicate that a . 
small quantity of VOCs are present immediately upgradient of SWMU 4. and a much greater quantity of 
VOCs are present immediately downgradient of SWMU 4. suggesting that SWMV 4 is a source of VOC 
contamination to the RGA (specifically the Southwest Plume). 

In both soils and groundwater. the highest levels of contamination were detected in the angled 
borings under the burial cells. Levels of contamination around the pefiphery of the cells are several 
orders of magnitude lower or, in some cases •. not detected at all. 

During the WAG 3 RI, PCBs were detected at SWMU 4 at depths of 0;9-'1.8 m (3-6 ft) bgs. Within 
this horizon, radiological contamination (including gross alpha. beta, and various radioisotopes) also was 
detected. In several of the borings, gravel (typically used' on gravel pads and driveways) was encountered 
at this interval. The WAG 3 RI report postulates that thishofizon represents the original grade atthe time 
the burial cells were in use. Most of the PCB detections were encountered in borings outside but adjacent 
to the burial cells. A potential explanation relates the contamination to spills on the gravel pad. Spills 
also might explain the high radiological detects found at this horizon. 

Inorganics. Soil samples from the Phase II sample H227 detected metal contamination near the 
bottom of the boring. Results from the H214, H225. and H226 samples indicated, metal contamination in 
the sufface soils and at depth. Metal compounds detected in the sampling include the following: aluminum. 
arsenic. barium, lberyllium, cadmium chromium, lead, magnesium, manganese, mercury, nickel. and vanadium. 

During the WAG 3 RI, metals were identified in SWMU 4 at levels ,that exceeded screening values 
~however. due to uncertainty of laboratory methods. the actual concentrations of these analytes could be • 
within background ranges). The source of these metals is unknown. but if they do represent 
contamination. then it is likely originating from material buried at the site. 
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Radionuclides. Radiological contamination was detected during the Phase II Site Investigation in • 
the near surface soil horizon in boring H227. Results from the H214, H226, and H225 borings indicated 
radionuclide contamination in the near surface soils. Radionuclide compounds detected during the sampling .. 
include the following: 2~, 235U, 238U, 237U, and ~c. 

The WAG 3 RI detected elevated radiological activity, including high levels of various radioactive 
isotopes, iprimarily around the southwest burial cell. Radiological contamination also was detected in the 
burial cell in the northeast corner. WAG 3 RI samples revealed 99Tc was present in the RGA around 
SWMU 4 and in the UCRS groundwater under SWMU 4. No contamination was identified from the 
McNairy Formation except for one sample (~c was detected at 37 pCilL at 158 ft bgs in 004-058). 
Because this boring is located upgradient, SWMU 4 is not considered to be the source. 

Contaminant Fate and Transport 

Based on soil boring logs, two model layers~one partially saturated and one saturated) were 
delineated at SWMU 4. These layers correspond to the VCRS ,[0.3-17 m (1-55 ft bgs)] and the RGA 
[17-30 m (55-100 ft bgs)]. The travel distances from the source to each downgradient exposure point 
were 271 m (890 ft) to the PGDP security fence and 882 m (2895 ft) to the DOE property boundary, 
based on a west to northwestward groundwater flow direction. 

Table 3.80 reports model results for selected contaminants detected in the SWMU 4 area. This table 
lists the maximum concentrations of each source contaminant modeled to reach the two receptor 
locations. The WAG 3 RI report also includes fate and transport modeling results for 14 metals, one 
SVOC, two additional VOCs, and 34 additional radionuclides (includes daughter products). Modeling 
indicates that volatile contaminants in the UCRS will contribute significantly to contaminant levels in • 
groundwater of the RGA. Contributions from radionuclide contamiriantsin the surface soil to the 
groundwater in the RGA are negligible. However, the modeling shows that radionuclide contaminants in 
the VCRS result in groundwater contamination in the RGA, as summarized in the table below. 

Table 3.80. Fate and transport modeling results for SWMU 4 

Plant fence Property boundary 
Max cone. Time Max cone. Time 

Constituent (mgIL) (pCiIL) (year) (mgIL) (pCi/L) (year) 
trichloroethene 2.26 x lOl 101.6 4.70 x 100 110.7 
I,I-dichloroethene 2.58 x 10.1 62.86 5.38 x 10.2 68.83 
vinyl chloride 3.31 x 10.1 56.6 6.90 x 10.2 61.96 
neptunium-237 4.88 x 102 316.4 9.83 x 101 380.4 
technetium-99 6.34 x 104 111.4 1.32 x 104 112.7 
uranium-234 4.51 x 103 4329 8.94 x 102 5140 
uranium-238 8.33 x 102 4330 L66 x 102 5;1'4'1 

Summary of Previous Remedial Actions 

No previous remedial actions have been conducted for these units. 
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3.2.10.23.2.10.2 C-746-F Classified Burial Yard (SWMU 5) 

Location 

The C-746-F Classified Bu~ial Yard (SWMU 5~ is located south of the C-746-P Clean Scrap Yard, 
and west of the C-747-B Burial Yard in the northwestern portion of the PGDP. Unnamed gravel roads 
parallel the northern and southern extents, while Patrol Road 1 lies to the west. On the east site, a third 
gravel road connects the other two and has an offshoot at the center to the east. The SWMUhas a fenc,ed 
boundary that limits access to authorized personnel only; 

The Classified Burial Yard consists of disposal pits that cover an area of approximately '15,608 m2 

(168,000fe). According ,to plant personnel, the disposal pits were located on a grid system and consistedl 
of approximately 3 by 3-m (10' by lO-ft}cells excavated' to depths of 1.8 to 4.6 m (6 to 15 ft) bgs. A 
figure depicting the relative location and dimensions of SWMU 5 is provided as Fig. 3.72. 

Setting 

SWMU 5 is primarily an open grass field of approximately 1.8 hectares (4 I/Jacres) that was used 
at one time for the burial and disposal of security-classified weapons components, radionuclide
contaminated scrap metal, and' slag from nickel and aluminum smelters. The SWMU is enclosed by a 
chain-link security fence with limited access to authorized ,personnel only. The following subheadings 
provide information on !the setting of SWMU 5, including surface-water hydrology, biological resources, 
soils, and surface and subsurface features. 

Surface-water ,hydrology, wetlands, and floodplains. Surface-water drainage swales are ,located 
along the borders of the SWMU to the north, west, and south. The shallow drainage swales direct surface 
runoff along these drainages into Ditch 001, located south of the burial yard. Ditch 001 then flows west 
into KPDES Outfall 001, which empties into Big Bayou Creek on the west side of the plant. There are no 
streams, wetlands, or 100-year floodplain areas within SWMU 5. 

Biological resources. SWMU 5 is covered in a herbaceous layer dominated with grasses and various 
flowering plants. Since the SWMU is located within the security area of the plant, is surrounded by a 
security fence,. and is fairly regularly mowed, it provides limited habitat for wildlife. No 'if &E species are 
known to be present atSWMU 5. 

Soils and prime farmland. Native surface soils at PGDP are part of the Calloway-Henry Association. 
However, in SWMU 5 it is likely that extensive reworking of the surface as a result of the burial cell 
excavations has resulted in removal of much of the native soil cover. Previous activities at SWMU 5 
placed a cap [up to approximate I y 1.5 m (5 ft) thick} over the entire SWMU. 

Underground utilities. No underground utilities are located at SWMU 5. 

Geology/Hydrogeology. 

This interpretation of the geology of SWMU 5 ,has been developed from 16 soil borings that were 
drilled around the ,perimeter ·of the SWMU boundaries. The SWMU ,is a classified burial area; therefore, 
no borings were drilled within the SWMU boundary. However, lithologic samples from under the 
SWMU were collected from angled HSA borings . 
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The upper 5-6 m (18-20 ft~ of soil (HU1) was identified· as moist to damp silty clays to clayey silts . 
A sandy, silty clay is present 6-12 m (20-40ft) bgs (HU2), with a gravel lens at 5-9 m(18-28 ft) bgs. 
Both the thickness of the gravel layet and the ;physical l properties of the gravel varied' from boring to 
boring. The HU310w permeability layer, with,up to 80% clay, is found at 12-18m (40-58 ft) bgs. 

The RGA (HU4and BU5) consists of a 12-15 m- (40-50 ft-) thick mixture of medium-grained, 
well-sorted sand with varying amounts of coarse, moderately sorted, sub-rounded to sub-angular chert 
gravel. A transition zone where there is an increasing silt/clay content combined with a decreasing amount 
of gravel is present at the bottom 11.5-3 m (5-10 ft)of the RGA. 'Fhe top of the McNairy Formation was 
identified at 30-32 m (l00-r05 ft) bgs. At SWMU 5, the McNairy Formation consists oLa clay unit that 
is stiff to firm with low to moderate plasticity. 

ManufacturinglTSD Processes 

The C .. 746-F Classified Burial Yard: was used from approximately 1965 through 1987 for disposal 
of security-classifled weapons components, some radionuclide-contaminated scnlp metals, and slag from 
nickel and aluminum smelters; records suggest that weapons components containing tritium, 6OCO, and 
181-a may have been placed in the ,burial yard. Wastes placed in the yard disposal pits were covered with 
(i).6 to 0 .. 9 m (2 to 3 ft) of soil. The far western end of the yard has not been used for disposal. 

Chemically unstable or incompatible wastes appear to have been disposed in SWMU 5, as 
evidenced by an underground fire thought to have occurred in 1975 or 1976 in the southeast comer of the 
yard. The flre burned for several weeks, and individuals. observing the fire reported that theground i 

surface appeared to be unstable. Neither the source nor the cause of the fire was detetmined, and the fire 
extinguished itself without intervention. 

Summary of Previous Investigations 

Site InvestigationsIRemedial Investigations. Three groundwater monitoring wells were installed 
at the site in 11983, prior to sitewide investigations. One of the wells was located along the south side of 
the site (MW52), with ,the others (MWs 53 and 54) installed along ,the north side of the site. All three 
wells were completed in the RGA. 

The C-746-F Classified Burial Yard was included in the Phase I Site Investigation and consisted of 
collection of soil samples from a 'borehole (HOO2) located along the southern edge of the site. The borehole 
was drilled to a depth of approximately 22 m(72 ft) bgs. Soil samples were collected continuously in 1.8 m 
(6 ft) intervals over the depth of the boring. 

Phase II Site Investigation activities at SWMU 5 consisted of the collection of soiJi samples from 
boreholes, and installation and sampling of one groundwater monitoring well. Two boreholes were 
drilled and sampled at the site: one near the northeastern comer (H263). and one near the southwestern comer 
(H264'). Both boreholes were drilled to an approximate depth of 1.8 m (6 ft) bgs. The Phase II Site 
Investigation installed, groundwater monitoring well (MW 190) on the north side of the site, completing 
the well in the VCRS .. Soil samples were collected during the well installation. 

The WAG 3/SWMU 5 investigation -included a geophysical survey, surface radiological walkovers, 
infiltrometer testing, CPT borings, collection of subsurface soil and groundwater samples from 12 boreholes, 
and surface soil/sediment from 10 locations. 
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Surface geophysical surveys of SWMU 5 identified the areall limits of the waste cell'. The surveys • 
verified the presence of the waste cell in the central and' eastern portions of the SWMU. However, 
discrete individual ,trench-like features were not apparent in the data. 'Fhe radiological walkover survey 
completed within the boundary of SWMV 5 did not identify any area with activity greater than twice 
background. Three samples were collected during an in situ gamma spectrometry investigation~ These 
samples did not indicate the presence of radioactive contamination. 

Art infiltrometer test was completed within the boundary of SWMU 5. The test concluded that the 
soil consists of Group C soils having a minimum infiltration rate in the range of 0.1.;.0.4 centimeters per 
hour (0.05-0.15 inches per hour) and consists ·of a layer that impedes downward movement of water. 

The SWMU 5 RI subsurface ·investigationbegan with two CPT borings to characterize the depth of 
the shallow hydrogeologic units at the site. Subsurface samples (soil and groundwater) were collected 
from 10 VCRS borings (3 DPT, 2 vertical HSA, and 5 angled HSA) around the perimeter of the SWMU. 
Groundwater samples were collected from two borings drilled through the RGA and into the underlying 
McNairy Formation (DWRC borings). Ten surface soil/sediment samples were obtained from within the 
SWMU and from the drainage ditches surrounding the SWMU. The WAG 3 RI results did not indicate 
that SWMV 5 currently is contributing any significant contamination to the VCRS or RGA groundwater. 

Conceptual Site Model 

The preliminary conceptual site model for the human health risk assessment is provided as Fig. 3.73. 

Nature and Extent of Contamination 

Organics. Results of the Phase II deep boring (HOO2) reveal the presence of VOCcontaminants in. 
the near surface soil horizon, and in an isolated horizon at approximately 12 m (40 ft) bgs. Analytical, 
results for boring H263 determine the ,presence of SVOCs throughout the depth of the boring, while 
results fromboriilg H264 indicate the presence of VOC contaminants in the upper 1.2 m(4 ft) of the 
boring. Sample results from the boring for MW 190 identify SVOC contaminants in the near surface soil 
horizon. In addition, SVOCs and PCBs were found in the ·surface soil sample collected at H264. The 
WAG 3 RI results establish the presence of SVOCs (including pesticide/herbicide and PAHs) and PCBs 
in the surface soils at low concentrations. It is likely the contamination is related to vehicular traffic and 
to thelawncare maintenance program of the facility. 

Results from the groundwater samples ,collected from MWs 52, 53, 54, and 190 indicate the presence of 
TeE and'bis(2-ethylhexyl)phthalate in the VCRS groundwater. Groundwater samples from the RGA 
contain VOCs and SVOCs. The analyses of groundwater samples .collected from depths near the contact 
between the VCRS and the RGA during the WAG 3 RI, establish the presence of the Northwest Plume 
under SWMU 5. 'Fhe available data do not indicate that SWMU 5 is contributing to the plume. 

Inorganics. Metal contamination was detected in samples from ,the Phase II boring HOO2 at sporadic 
depth intervals. Results for boring H264 indicate metal contamination throughout the depth ohhe boring. 
Additionally, metal contamination was found in the surface soill collected at H264. The WAG 3 RI 
analyses ·identified a few areas of low-level metal contamination. 

Results from the groundwater samples collected from MWs 52, 53, 54, and 190 determined .the 
presence of metals in ,the VCRS groundwater. Grolindwatersamples from the RGA indicated metal l 

contamination present. The WAG 3 RI' did, not find elevated metals levels in groundwater. 
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RadioDuclides; Radionuclide contamination was discovered in two horizons located between 1.8 and • 
9.1 m (6 and 30 ft)bgs in Phase IT boring HOO2. Additionally, radionuclide contamination was detected in the . 
surface soil sample taken at.H264. Radionuclides identified included 23'1>0, 99.yc, no.rh, 234V, 2350, and 238V . 

Results from the groundwater samples collected from MWs 52, 53, 54, and 190 indicated the 
presence of radionuclide contamination in the VCRS and RGA groundwater. Analyses of the WAG 3 RI 
revealed the presence of ~c in a sample at the McNairy interface with the RGA and could indicate some 
mixing at this interface. In addition, Radon-222 was detected indour :locations and 234V, 238V , and total 
uranium were identified in one location during the WAG 3 RI. 

Contaminant Fate and Transport 

Three model layers, two Ipartially saturated and one saturated, were delineated at SWMU 5. The 
upper partially saturated'layer [0-~2 m (0-40 ft) bgs] includes the loess deposits making up HUt and the 
permeable, but discontinuous, sand and gravel i lenses of the VCRS. A lower partially saturated layer 
represents the silty clay aquitard HU3 [12-18 m (40-60 ft) bgs~'. The saturated layeFconsists of.the RGAand 
extends from 18-30 m (60-100 ft) bgs. 'Fhe travel distance from the source.to each downgradient exposure 
point is 271 m (,890 ft) to thePGDP security fence and 847m(2780 ft)to the DOE property boundary. 

Surface and subsurface soH data provided by the WAG 3 RI and the Site Investigations (CH2M 
Hll..L 1991, 1992) were used to develop the source terms and inventories for the fate and transport 
model. Metals, organic compounds,and radionuclitles were identified as present above screening levels 
in surface soils at SWMV 5. 

Table 3.81 reports model results for selected contaminants detected in the SWMU 5 area. This table 
lists the maximum concentrations of each source contaminant modeled ,to reach the two receptor 
locations. The WAG 3 RI also includes fate and transport results for 2 additional metals, 4 SVOCs, 1 
VOC. and 10 additional radionuclides (includes daughter products). Contributions tOlhe RGA from other 
constituents are minor. 

Constituent 

Technetium-99 

Iron 
Iron (at H263) 

Iron 
Technetium-99 

Table 3;81. Fate and transport modeling results for SWMU 5 

Plant fence 
Max cone. 

(mgIL) (pCi/L) 

5.78 X 101 

Time 
(year) 

Surface Soil 
109.5 

Property boundary 
Max cone. 

(mg/L).(pCi/L) 

9.65 
VCRS-First Partially Saturated Zone 

4.98 x 101 141'1- L84 x 101 

1.88 X 101 159,11 6.61 
VCRS-Second Partially Saturated Zone 

4.64 x 102 1873 8.27 x 101 

2.29 X 102 130J 9:96 x 101 

Summary of Previous Remedial Actions 

No previous remedial! actions ihave been conducted at this site. 
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3.2.10.3 C-747-B Burial Grounds (SWMH 6) 

Location 

The C-747-B Burial Grounds are located east of the'C-746-F Classified Burial Yard and west of the 
C-746-Transuranic Storage area, in the northwest section .of the PGDP. The SWMU is bounded to the 
north by a set of abandoned railroad tracks, to the east bya liS m (5 ft) wide by 11.2 m (4 ft)deep 
drainage ditch, and by unnamed gravel roads to the west and south. The burial ground consists of five 
separate iburial plots Odentified as Areas H, I, J, K,and L) that together cover an area of approximately 
483 m2 (5,200 ft2), 

Area H - Magnesium Scrap Burial Area. This disposal site is approximately 17m2 (180 ft\ with 
dimensions of 3.7 by 4.6 m (12 by 15 ft), and approximately 1'.S m (6 ft)deep. 

Area I - Exhaust Fan Burial Area, This discard pit is approx:imately 26 m2 (280 ft2), with 
dimensions of 2.4 by 10.6 m (8 by 35 ft), and approximately LS m (6 ft)deep. 

Area J - Contaminated Aluminum Burial Area. This area is approximately 372 m2 (4,000 fe), 
with dimensions of 11.2 by 33.5 m(37 by 1 HHt), and, apprmdmately 1'.S m (6 ft)deep. 

Area 'K - Magnesium Scrap Burial Area. This site is approximately 17 m2 (180 ft2
), with 

dimensions of 3.7 by 4.6m(12 by 15 ft), and approximately LS m (6 ft)deep. 

Area h- Modine Trap Burial Area. 'Fhis areais.approximately 55m2 (600 ft\ with dimensions of 
6 by 9.1 m (20 by 30 ft), and approximately I.S m (6 ft) deep . 

A figure depicting the relative location and dimensions· of SWMU 6 is provided on Fig. 3.72. 

Setting 

SWMU 6 is primarily an open grass field consisting of approximately 0.1 ,hectare (1/3 acre) of land. 
Radioacti1vely contaminated abandoned equipment and materials cover approximately 50% of the 
surface. These items include, but are not limited to, industrial forklifts, transport ,carts, flatbed trailers, 
and concrete pipes. The following subheadings provide information on the setting of SWMU 6, including 
surface-water hydrology, biological resources, soils, and surface and subsurface features. 

Surface-water hydrology, wetlands,and floodplains. A surface drainage ditch· is. located east of 
the buried materials and .flows southward to discharge into DitCh 001. Ditch 001 flows west past SWMU 5 
into K:PDES Outfall 001', which empties into Big Bayou Creek on the west side of the plant. There are no 
streams, wetlands, or WO-year floodplain areas within SWMU 6. 

Biological resources. 'fhe SWMU 6 ground surface is dominated with medium to tall grasses [up to 
0.9 m (3 ft) high] with occasional pockets of young trees and shrubs. Abandoned equipment also is 
Ilocated on the .surface 'of theSWMU. Since the SWMU is located within the security area· of the plant 
and is occasionally mowed, it provides limited habitat for wildlife. No T &Especies are known to be 
present .at SWMU 6. 

Soils and prime farmland. Native surface soils at PGDP are part of the Calloway-Henry Association. 
However,in SWMU ,6 it is likely that extensive reworking of the surface as a result of the burial cell 
excavations has ·resulted in removal of much of the native soil cover. It appears that the excavated 
material was used to backfill afterthe waste material was deposited at SWMU 6. 
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'Underground utilities. No underground utilities are located at SWMU 6. 

Geology/Hydrogeology 

The geology for SWMU 6 has been inferred from 18 soil borings drilled ·in and around the SWMD. 
Five angled HSA borings were intended to collect samples and characterize the geology under the burial' 
area. Because of abandoned equipment in the area, two of the five angled borings (006-021 and 006-022) 
were terminated ibefore reaching the soils beneath the burial cells. 

The upper 5-6 m (15-20,ft) of soil (HUl) is comprised! mainly ofsiIty clays and clayey silts ranging 
from dry to moist. A 1.5-3-m- (5-1O-ft-) thick layer of gravelly silty clay to sandy silty gravel (HU2) was 
encountered at a depth of appro~imately 5-9 m (118-28 ft)bgs. The HU3 consists of a silty sandy clay 
occurring from 9-18 m (30-60 ft) bgs. The lithology of this unit varies with increasing and! decreasing 
amounts of sand, vertically arid horizontally throughout the unit. 

A coarse-grained sand layer was encountered at 17-l8 m(55 to 60 ft) Ibgs. This sand unit was not 
identified in the DWRCborings but is believed to be representative of the HU4 unit. A 14-15 m- (45-5@ ft-) 
thick layer of silty sand and sand and gravel mix (HU5) underlies this layer, extending from approximately 
18-32 m (60 to 105 ft) bgs. The top of the McNairy was identified at -32 m ~105 ,ft) bgs and e~tends to 
the total depth [48 m (158 .£t) bgs] of the two DWRC borings. 

ManufacturingITSD Processes 

This SWMU was used for disposal of miscellaneous metal debris. Disposal in each, of the cells is 
described below. 

Area H - Magnesium Scrap Burial Area. Magnesium in various shapes, generated in ·the PODP 
machine shop, is disposed of in this cell. Approximately 10 drums of magnesium scrap were discarded, 
during midsummer 1971, Aim (3 ft)cover of soil was placed on the top of the buried drums. 

Area ); - Exhaust Fan Burial Area. Eight exhaust hood blowers removed from the C-710 Building 
were discarded! into this cell in 1966. Each of the .blowers, approximately 38 cm (1:5 in,) in diameter and 
45 ,kg (100 Ib) in weight, is contaminated with perchloric acid. Each blower was .placed about 1.2 m(4 ft) 
apart in the hole and covered with li.5 m (5 ft) of soil. 

Area J - Contaminated Aluminum Burial Area. Approximately 100 to 150 drums of aluminum scrap 
in the form of nuts, bolts, plates, trimmings, etc., generated by the PGDP converter and compressor .shops, 
were discarded in this cell over a period of 5 years. Final disposal in the cell iSlbelieved to have occurred in 
1960-1962. After disposal was completed, aIm (3 ft) soil cover was placed over the waste in ,the cell. 

Area K - Magnesium Scrap Burial Area. Approximately 20 drums of magnesium scrap were 
disposed in this cell between September 3, 1968, and I)ecember 23, '1969. A Ii m (3 ft) soil cover was 
placed over the buried drums. 

Area L - 'Modine Trap Burial Area. A single contaminated modine trap was buried in ,this area. 
The modine trap was approximately 1,2 m (4 ft) in diameter, 5 m (l5·ft) long, and weighed 2,250 kg (5,000Ib). 
The equipment,. which was buried on March 5, 1969~ was covered with 1 m (3 ft) of soH. 

00-00 I (doc )/08240 I 3-268 

• 

• 

• 



• Summary of Previous Investigations 

The WAG 3/SWMU 6 investigation included a geophysical survey, surface radiological walkovers, 
infiltrometer testing, CPT borings, collection of subsUrface soil! and groundwater samples from 18 lboreholes, 
and surface soil/sediment from 5 locations. 

The surface geophysicall survey completed' at SWMU 6 identified the areal limits of one waste cell 
approximately 0.03 hectares (0;07 acres) in: size. Due to the .presence of contaminated equipment on the 
surface of the SWMU, the area surveyed was limited. The radiological walkover survey completed: in 
SWMU 6 did not identify any areas of activity greater than twice background. Four samples were collected 
during an in situ gamma spectrometry investigation, These samples indicated the only non-natural 
radioisotope present was l37Cs, which was measured at all four locations. 

An infiltrometer test was completed within the boundary of SWMU 6. The test concluded that the 
soil consists of Group C soils having a minimum infiltration rate in the range of 0.1-0;4 centimeters per 
hour (0.05-0.15 inches per hour) and consists of a layer that impedes downward movement of water. 

The SWMU 6 RI subsurface exploration began with one CPT boring to characterize the depth of the 
shallow hydrogeologic units at the site. Subsurface samples (soil and ,groundwater) were collected from 
16 UCRSb6rings(9 DPT, 2 vertical: HSA, and 5 angled HSA around the ,perimeterof the SWMU). 
Groundwater samples were collected from two borings advanced through the RGA and into the 
underlying McNairy Formation (DWRC borings). Five surface soil/sediment samples were obtained from 
within the SWMU and from the drainage ditches surrounding the SWMU. 

• Conceptual Site Model 

• 

The preliminary conceptual site model for the human health risk assessment is provided as Fig, 3.74. 

Nature and Extent of Contamination 

Organics. The WAG 3 RI indicated the presence oftwo VOCs (TeE and acetone in low concentrations) 
and two SVOCs [di-n-butyl phthalate andbis(2-ethylhexyl)phthalate] in "the subsurface soils. lIt is likely 
that the acetone and di-n-butyl phthalate are lab contaminants. Trichloroethene was detected ,in very 
small concentrations ,in the two angled borings south of theSWMU. Because the TCE detected was south 
(generally upgradient) and not under (or very close to) any burial cells. the source of this TCE is not 
believed to be from SWMU 6. Residual degreasing fluids from ,the stockpiled equipment aU he surface is 
a potential source, 

SWMU 6 is located above the Northwest Plume. Therefore. the presence of TCE in the RGA was 
expected. However. the fact that TCE was ncit detected in VCRS groundwater samples from the SWMU 6 
Rlsuggests that the TCE detected in RGA groundwater beneath SWMU 6 is the result of contamination 
migrating beneath the site in association with the Northwest Plume. 

Inorganics. The slibsurfacesoils at SWMU 6 contained several inorganic constituents above screening 
levels including aluminum. arsenic, barium, beryllium, chromium, cobalt. ,copper, lead, manganese, 
nickel, and zinc. 

Analyses of the groundwater samples collected from SWMU 6 identified the presence of metals at 
elevated levels in the UCRS groundwater including aluminum, cobalt. iron, manganese, and zinc. The 
RGA groundwater samples exhibited high concentrations of several metals due to the ,presence of suspended 
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sediments. The only analytical constituent that exceeded screening values in the McNairy groundwater 
samples was manganese. 

Radionuclides. Several radioisotopes were detected in the SWMU6 samples. The ,radioisotopes 
detected most frequently were 99Tc and 235Uand 238u. In addition to radiologically contaminated wastes 
buried in SWMU 6, the equipment stored at the surface has. residual surface contamination, It is ·likely 
that the radiological contamination in the SWMU 6 samples was derived from both the burial cells and 
the equipment on ,the surface. 

One liquid sample [collected at a depth of 1.2-2.7 m (4-9 ft) bgs within BudaI Cell J] had elevated 
acHvities of mNp and total uranium. The highest beta activity measured in groundwater was encountered' 
in bodngs that penetrated Burial Cell J. 

Contaminant Fate and Transport 

Three model layers (two partially saturated and one saturated~ were delineated at SWMU 6. The 
first partially saturated layer extends to a depth of 12 m (40 ft) bgs and includes the loess deposits 
making up HUI and the HU2. A second partially saturated layer extends to a.depth of 18 m (60ft) bgs 
and includes the silty clay aquitard, the HU3. The saturated layer includes the RGA and extends from an 
average depth of 18-30 m (60 to 100ft) bgs. In the model, the travel distances from the source to each 
downgradient exposure point are 280 m (920 ft) to the PGDP security fence and 860 m (2820 ft) to the 
DOE property boundary. The direction of groundwater flow in the RGA was assumed to ,be north. based 
on potentiometric maps of the area . 

The WAG 3/SWMU 6 RI soil data were used; to develop ·the source terms and inventories for the 
SWMU 6 fate and transport model. These results indicate contributions from constituents in surface soil 
to groundwater in the RGA are negligible. 

'Fable 3.82 reports model results for selected contaminants detected in the SWMU·6 area. This table lists 
the maximum concentrations of each source contaminant modeled to reach the two receptor locations. 
lIhe WAG 3 RI also includes fate and transport results for 3 additional! metals. 1 SVOC, and 15 additional 
radionuclides (includes daughter products). Contributions to the RGA from other constituents are minor. 

Table 3.82. Fate and transport. modeling resiJltsfor SWMU 6 

Plant fence Property boundary 

Constituent 

Technetium-99 

Iron 
Technetium-99 

Iron 
Iron (from 006-027) 

Max.conc. 
(mg/L) (pCiIL) 

9.71 

1iime 
(year) 

Surface Soil 
105.1 

Max cone. 
(mgIL) (pC ilL) 

3.15 
VCRS-First Partially Saturated Zone 

6,01 x 10' 1966 2.12 x 10' 
11.16 X 10' 118.6 3.86 

VCRS-Second Partially Saturated Zone 
3.28xlO' 1787 1.19xI0·' 

7.77 1787 2.56 

Summary of Previous RemedialActions 

No previous remedial actions have been conducted at this site. 
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WAG 3 Risk Assessment Summary 

"the summary presented in this section was taken from Remedial Investigation Report for Waste 
Area Grouping 3 at the Paducah Gaseous Diffusion Plant (DOE 2000b). This RI document provides 
information on the baseline risks posed to human health and the environment from contamination at 
WAG 3 that will be used to support the need for remedial action in WAG 3 and to assist in the selection 
of the remedial alternatives. 

The following is excerpted from the. Executive Summary of the WAG 3 BRA. 

In 1999-2000, the U.S. Department of Energy conducted a Remedial Investigation (RI)lResource 
Conservation and Recovery Act Facility Investigation for Waste Area Grouping (WAG) 3. 
WAG 3 includes Solid Waste Management Units (SWMUs) 4,5, and 6 at the Paducah Gaseous 
Diffusion Plant (PGDP) in Paducah, Kentucky. The overall purpose of this remedial investigation 
was to determine the presence,nature, and extent of contamination at SWMUs 4,5, and 6. The 
,primary focus of the RI was .to collect sufficient information about surface soil, subsurface soil, 
and! the shallow groundwater of the Upper Continental Recharge System contamination to support 
an assessment of risks to human health and the environment and the selection of remedial 
actions to reduce these risks. In addition, contamination in the Regional Gravel Aquifer (RGA) 
and McNairy Formation groundwatet: was characterized to determine if contamination in the 
WAG 3 SWMUs acted as a secondary source of contamination to groundwater. 

To facilitate data aggregation and to focus results on specific areas, this 'baseline risk assessment 
derives hazard i and: risk estimates for the following SWMUs. 

• 
• 

SWMU 4-C-747 Contaminated Burial Yard 
SWMU 5-C-746-F Classified Burial Yard 

• SWMU 6-C-747-B Burial Ground 

Consistent with regulatory guidance and agreements contained in the approved human health risk 
assessment Methods Document (DOE 1996), the BHHRA evaluates land'-use scenarios that encompass 
current use and several hypothetical future uses of the WAG 3 SWMUs and the areas to which 
contaminants may migrate. The following land-use scenarios and exposure routes are assessed. 

Current industrial worker 

• incidental ingestion of soil 
• dermal contact with soil 
• inhalation of vapors and particulates emittedi from soil 
• external exposure to ionizing radiation emitted from soil 

Future industrial worker 

• incidental ingestion of soil 
• dermal contact with soil 

• 
• 
• 
• 
• 

inhalation of vapors and particulates emitted from soil 
external exposure to ionizing radiation emitted from soil 
ingestion of groundwater 
dermal contact with groundwater while showering 
inhalation of vapors emitted by groundwater while showering 
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Future excavation worker 

• .incidentalingestion of soil (soil and waste) 
• dennal contact with soil (soil and waste) 
• inhalation of vapors and particulates emitted! from soil (soil and waste) 
It external exposure to ionizing radiation emitted from soil (soil and waste) 

Future recreational user 

It ingestion of venison grazing on vegetation grown in contaminated soil 
• ingestion of rabbit grazing on vegetation grown in contaminated soil 
• ingestion of quail grazing on vegetation grown in contaminated soiJi 

Future on-site rural resident 

It incidental ingestion of soil 
• dennal contact with soH 
• inhalation of vapors and particulates emitted from soil 
• external exposure to ionizing radiation emitted from soil 
• ingestion ofgroundwater 
• dennal contact with groundwater while showering 
• inhalation of vapors emitted by groundwater during household use 
• inhalation of vapors emitted by groundwater while showering 
• ingestion of vegetables grown in contaminated soil 

Off-site rural resident·(at PGDP security fence) 

• ingestion of groundwater 
• dennal contact with groundwater while showering 
• inhalation of vapors emitted by groundwater during household use 
• inhalation of vapors emitted by groundwater while showering 

This report also contains a BERA that evaluates risks under both current and potential future 
conditions to several ecological receptors that may come into contact with contaminated media at or 
migrating from sources in WAG 3. 

Summary tables of the risk assessment done for the WAG 3 BRA follow. Tables 3.83 through 3.86 
present the risk results and the quantitative risk summaries found in Exhibits .,.77 through 1.80 of the 
WAG 3 BRA. 

As shown in Table 3.83, ,default ELCR estimates calculated for the current and future industrial' 
worker exposed to surface soil differ from ,the lower-bound estimates (final column) by less than one 
order of magnitude to greater than two orders of magnitude. The sequential changes in ELCR for all three 
SWMUs are most heavily influenced by the use of EPA Region 4 dennal absor:ption factors versus 
KDEP default values. However, even with such, cumulative changes in ELCR estimates, itis important to 
,note that the lower-bound ELCRs still exceed de minimliS levels for each of the SWMUs under 
consideration at WAG 3. 

00-00 I (doc )/08240 I 3-273 



Table 3.83. Summary of risk results and uncertainties for the current industrial worker - ELCR - for WAG 3 

(formerly "Exhibit 1.79. Quantitative summary of uncertainties for exposure to soil by the current and future 
industrial worker-excess lifetime cancer risk") 

Previous Previous ELCR Previous Previous ELCR 
ELCRminus minus ELCRminus minus provisional or 

Default EPA Region 4 infrequent laboratory withdrawn toxicity 
SWMU ELCR ABSs detects contaminants values 

SWMU 4 (soil) 5.4 x 10.4 2.5 x 10.5 2.5 X 10.5 2.5 X 10.5 1.4 X 10.5 

SWMU 5 (soil) 4.l'xlO·4 3.2 x 10.5 3.2 X 10.5 3.2 X 10,5 2.8 X 10.5 

SWMU 6 (soil,) 2.4 x 10.4 8.0 X 10.6 8.0 X 10.6 8.0 X 10.6 3.1 X 10.6 

Table 3.84. Summary ofrisk results and uncertainties for the future industrial worker - ELCR - for WAG 3 

(Jomlerl)' "Exhibit 1.BO. Quantitative summary of rlncertainties for the fllture industrial worker-excess lifetime 
cancer risk") 

SWMU 
SWMU 4 (RGA) 
SWMU 4 (McNairy) 
SWMU 5 (RGA) 
SWMU 5 (McNairy) 
SWMU6 (RGA) 
SWMU 6 (McNairy) 

Previous ELCR Previous ELCR Previous ELCR minus 
Default minus infrequent minus laboratory provisional or withdrawn 
ELCR detects contaminants 

4.7 x 10.4 4.7 X 10-4 4.7 X 10-4 
3.1 x 10.3 3.1 X 10.3 3.1 X >10.3 

5.4 x 10.4 1.9 X 104 1.9 X 104 

1.2 x 10.3 1.2 X 10.3 1.2 X 10.3 

2.Jx 10.4 2.3 x 104 2.3 X >104 

7.8 x 10.4 7.8 X 10-4 7.8 X 104 

Table.3.85. Summary of risk results and uncertainties for the 
current industrial worker - systemic toxicity - for WAG 3 

toxici!! values 
1.7 X 104 

5.6 X 104 

6.4 X 10.6 

7.2 X 104 

3.9 X 10.5 

1.9 X 10.4 

(formerly "Exhibit J. 77. QuallIitative summary of Ilncertaillties for exposure to soil by the curren, and future 
industria/worker-systemic toxicity") 

Previous HI 
Previous HI Previous HI minus 

Previous HI minus minus provisional or 
Previous minus EPA infrequent laboratory withdrawn 

SWMU Default HI HI w/o lead Region 4 A'BSs detects contaminants toxicit~ values 
SWMU4 (soil) 3.6 3.6 <1 <,I <1 <l 
SWMU 5 (soil) <1 <l <l <l <1 <l 
SWMU 6 (soil) <1 <l <l <l <1 <l 
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Table 3;86. Summary of risk results and uncertainties for the 
future industrial worker - systemic tocicity- for WAG 3 

(formerly "Exhibit 1.78. Quantitative summary of uncenainties for exposure to groundwater by the future 
industrial worker-systemic toxicity") 

Previous HI Previous "I Previous HI minus 
Previous minus infrequent minus laboratory provisional or withdrawn 

SWMU Default HI HI w/o iead detects contaminants toxici!l: values 
SWMU4(RGA) 16;000 33 33 32 6.4 
SWMU 4 (McNairy) 220,000 76 76 76 25 
SWMU5 (RGA) 20,000 27 27 26 5.8 
SWMU 5 (McNairy) 71,000 63 63 63 10 
SWMU6(RGA) 23,000 19 19 19 5.5 
SWMU 6 (McNai!);) 70,000 42 42 42 8.2 

Similarly, Table 3.84 shows that the ELCR estimates for the future industrial worker under default 
and lower-bound conditions differ by less than one to more than two orders of magnitude. The sequential 
changes in ELCR for all three SWMUs are most heavily influenced by the exclusion of provisional or 
withdrawn toxicity values when calculating ELCR. However, the resulting lower-bound ELCR estimates 
still exceed the de minimus level at each SWMU. 

In liables 3.85 and 3.86, the HI estimates for both current and future industrial worker exposures 
calculated using the default exposure rates vary markedly from the lower-bound estimates (final column) 
for those locations where lead was a COPC and; the provisional lead RID was used. For those locations, 
omitting lead from the ilist of COPCs decreases the HIs by about three ·to four orders of magnitude. By contrast, 
other uncertainties investigated inboth Tables 3.85 and 3.86 have little effect on the HI estimates. For the 
current industrial worker exposed' to surface soil at SWMUs 4, 5 and 6, the lower-bound estimates of HI 
are all less than the de minimus level established in the Methods Document (i.e., HI = 1). For the future 
industrial worker, the lower-bound HI estimates exceed a HI of 1.0 at all locations in the RGA and 
McNairy formations. 

BHHRA-Principal Findings 

For all SWMUs in WAG 3, the cumulative human health systemic toxicity and ELCR exceed the 
accepted standards of EPA and KnEP for one or more land-use scenarios when assessed using default 
exposure parameters. The land-use scenarios for which risks exceed de m;nimus levels [i.e., for KDEP, a 
cumulative hazard index (HI) of lor a cumulative ELCR of 1.0E-06 and for EPA, an HI of land a range 
of l.OE-04-1.0E-06 for ELCR] are summarized in Table 3.87. 

BERA-Principal Findings 

The three SWMUs comprising WAG 3 provide a small area of grassy habitat suitable for ecological 
receptors. The ecological risk assessment evaluates risks from current and potential future exposure of 
terrestrial plants, soil invertebrates, and terrestrial wildlife to chemicals in WAG 3 surface soil. Chemical 
and radionuclide contaminants were evaluated for surface soils from SWMUs 4, 5, and' 6. Table 3.88 
summarizes chemicals of potential ecological concern (COPECs) that were identified· based on the results 
of screening contaminant concentrations against ecological benchmarks. Maximum concentrations of a 
number of analytes were near background levels or exceeded background levels or benchmarks at only a 
couple of stations. Radionuclides in surface soil do not present a risk to terrestrial receptors at any of the 
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Table 3.87. Land uses of concern for WAG 3 

(formerly "Table ES; 1. Land use scenarios for which human health risk exceeds de minimus levels") 

Site 
Land use scenario SWMU4 SWMl!J5 SWMU6 

S1.stemic toxicityD 
Current industrial worker 
Exposure to soil Xb 

Future industrial worker 
Exposure to soil Xb 

Exposure to RGA groundwater XC XC XC 
Exposure to McNair~ groundwater XC XC XC 
Future on-site rural resident" 
Exposure to soil Xb Xb Xb 

Exposure to RGA groundwater XC XC XC 
Exposure to McNairy groundwater Xc Xc XC 
Off-site rural resident 
Ex~sure to groundwatere X X X 
Future recreational user" 
Exposure to soil 
Future excavation worker 
EXEosure to soil and waste Xc Xb XC 

Excesslif.etime cancer risk 
Current industrial worker 
EXEosure to soil X X X 
Future industrial worker: 
Exposure to. soil X X X 
Exposure to RGAgroundwater X X X 
Exposure to McNair~ groundwater X X X 
Future on-site rural residente 

Exposure to soil X X X 
Exposure to RGA groundwater X X X 
EXEosure to McNair~ groundwater X X X 
Off-site rural residentd 

EXEosure to groundwater Xd 

Future recreational user" 
Exposure to soil X 
Future excavation worker 
EXEosureto soil and waste X X X 

Notes: 
Land-use scenarios where risk exceeded the benchmark levels (HI of I/ELCR of 1.0E-06) are marked with an "X." 
Landcuse scenarios where risk did not exceed a benchmark level are marked with a "-." 

a Results for a'child are presented for systemic toxicity for the future recreational user and the future·on-site rural resident. 
h These land use scenarios are of concern even though lead was not detected. 
cLeadis present. and the land use.scenario is of concern whether or not the element is included in the assessment. 
d Based on the results of contaminant transport modeling, "X" indicates that the location contains a source of unacceptable off

site contamination. 
• Values for ELCR for the future recreational user and ,the future on-site rural resident are for lifetime exposure. 
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Table 3.88. Chemicals·of potential ecological concern ,for WAG 3 

(jomlerly "Exhibit ES.7. Summary of chemicals with maximum detected concentrations resulting in ecological 
hazard quotients greater than 1 for one or more nonhuman receptor groups") 

Site 
Receptor group SWMU4 SWMt!JiS SWMU6 

Plants a Chromium, nickel, Aluminum, arsenicc
, chromium, NickelC, zincc 

vanadiumc
, zincc nickelc

, zinc 
Soil invertebrates a Chromium, copper Chromium, zinc, f1uoranthene, Zincc 

phenanthrene 
Terrestrial wildlife b Chromium Aluminum None 

• Plant and soil invertebrate results.are based on maximum detected. concentrations or activities. 
h Terrestrial wildlife results are based on comparison ofmaximum:exposure estimates to lowest observed adverse effect levels. 
C Greatefithan surface soil background concentration at only one station intheSWMU: 

SMWUs. Estimated i doses from exposure to radionuc1ides in soil were helow recommended dose rate 
limits for aU receptors at all SWMUs. 

3.2.11 Other Sources 

3.2.11.1 SWMU S8 - North-South Diversion Ditch/Off-site 

Description 

SWMU 58 includes approximately 1,845 m (6;050 ft) of the NSDII> channel between Outfall 003 [,located 
approximately 533 m (1,750 ft) north of the PGDP perimeter security fence] and Little nayou Creek. 
Figure 3.75 is a map of the SWMU 58 area. The NSDD served originally as a drain for C-400 Building 
effluent and runoff from the north-central area of the plant. Beginning in 1977, the DOE constructed a lift 
station on-site to capture the normal flow in the NSDD and pipe the effluent to the C-616-F Lagoon for 
treatment. Flow from C-M6-Fdischarges to Bayou Creek. Today, except for storm events, little flow issues 
from Outfall 003. The annual average flow through Outfall 018 is approximately 70.07 l/sec (1,llOgpm~, 

Setting 

The southern half of the SWMU 58 ditch borders the west and north sides of theC-746-S&T 
residential/inert landfill ,complex (now closed') and the south and east sides of the C-746-U Landfill. 
Construction and maintenance activities have constrained the channel in these areas. The NSDD flows 
through scrub forests and grasslands downstream of the landfills. Most of the NSDDin SWMU 58 follows the 
course of an ephemeral stream that drained the land to the north of PGDP prior to construction of the .plant. 
However, the course of the ditch has been moved west at theC-746-S&T Landfill ,Complex to prevent the 
stream from undercutting the toe·ofthe landfill. See Fig. 3.75 for an illustration of the SWMU 58 area. 

Geology/Hydrogeology 

In .the area of SWMU 58, the NSDD cuts progressively deeper through UCRS sediments as it flows 
northward. The base of the ditch is near the top of the HU2 sand and graveli interval at the C-746-S&T 
Landfill Complex. Surface water and the UCRS must be in close communication. Area monitoring wells 
measure a vertical hydraulic gradient of approximately 1.25 rnIm (fllft) downward. Thus, the leakance of the 
HU3 horizon is the primary factor goveming the influence of the NSDD upon the RGA. 

00-00 I (doc )/08240 I 3-277 



• 

THIS PAGE INTENTI@NALLY LEFT BI.ANK • 

• 
00'00 I (doc )/08240 I 



\.;J , 
N 
-...l 
\0 

• 
+ ~) 

I 

,,\ 
',I i' . 

~\ 

', /---; 
( , / 

1 
. \._ ---- .~ 

/ J) 
) ':: ,/ '/ 

0 

" i' 

0 

0 

0 ' 

0 

0 : 

i' 

= 

(? 

,f) 

C) 

i , 
I 

'I , .' 

Ii r 

I, 

" ,I 

q 

L / I ' . I 
/ ) 

Gil , ( 
l-

G!!J 

B 

s . 

e 

CJ 

CJ 

,0 

'~ , 

__ 1=.·_'-

~~~I. ......... .... ....... PRIMARY BUILDING = ......................... ASPHALT ROAD 
===== .... .. .. ...... .. ......... . GRAVEL ROAD 
~~~ ..................... RAILROAD TRACKS 
-.-.- ............................ FENCE LINE 

2 __ ,:::::::::::::::::::::::::::::::: :~~~~~ 
.. ... GROUND CONTOUR (10FT, INT.) 
...... . GROUND CONTOUR (2 FT, INT.) 

~ .. .. ................ .. SWMU BOUNDARY 

,I" • 

" 

I' " 
I, 

, 'f~~\ 
! I ( 

, ' .:: ) 
.; 1 

, / 
I,L/' 

I" 

• 
, (. 

" \ I 

'I I 

i <-.-_/ . 'I' :I;~ 

\I 

i 

~, 

", 

, 
, I 

I', 

" 
,; 

• 
\ 

,1.l.1 \; + 
i I '~I· 

'/ 

" 
I 

1' \ 
$ / $ $ ~ ,; 'f .. 

.......... '""'=. 

\~. 
~ 

, 

, " ~ 

I i ' 
, ' 

" , (l 

1 G> 

,,. 

.... 
~ 
«" 

S 
~ 

, i: I.' 

0. 

qb 
¢ 

¢ 
¢ 

¢ 

~ 
'I 

i 

!il ' 

'~ ·1 

,~~ ~ 
I .'. ~ I .;. 

, l 

D 
~ 

t , ) 
,I, 

-

o 300 600 ~.. I ~~~~------~----~------~ 
/99049/DWGS/G78SM58A.DWG SCALE: 1" = 600' 

Figure 3.75. Map ofthe SWMU 58 Area. 

.1; 

o 

a 

~ I 

/ 

, I 

+, 

a 
a 
1 

- N 300 + 
IS! 

Sc ience Applications 
Internationa l tion 

PGDP 
GROUNDWATER OU (FS) 

PADUCAH, KENTUCKY 



In general, the HU3 horizon is a thlick ,interval of silty clay in the area of the off-site NSDD. .• 
However, the log of soil boring GBc(i)5D, :ocated on the south side of the C-746 .. U LandfiH, shows that 
the HU2/HU3 interval can be predominatel,y sand. Contaminants of the NSDD would be expected to 
impact RGA water .quality where these sand facies. underlie the ditch. 

Nature and Extent of Contamination 

The PG])P's SI provides the primary data for the assessment of nature and extent of contamination 
along the NSDD,of SWMU 58. Table 3.89 summarizes the maximum contaminant 'levels associatediwith 
SWMU 58. Analyses of sediments document the presence ot: the following contaminants at elevated 
levels: PARs, antimony, and the radionuclides 237Np, 23~Pu,99'fc, 23°'Fh, 234U, 235U, and 238u. In general, 
contaminant levels in sediments declined with downstream distance and were below reference levels 
north of the C-746-S&T LandfiU Complex. 

:fable 3.89. Contaminant levels above reference levels for SWMU 58 

Maximum contaminant levels' 
Contaminant Sediments .subsurface soils UCRSgroundwater 

Fluoranthene 55 
P AHs (total). 2,000 
Antimony 1,400' 
Uarium 54 
Cobalt 43.7 
Nickel 166 
237Np 0.54 1.97 
239pU 0.85 4.1 
99Tc 36 160 72 
23<Th 31 '1'10 2.83 
234U 5;6 8.9 131.6 
235U 0.16 0.36 6:42 
238U 6.5 1'4 202.4 
a Organic and metal contaminant levels are presented as .J.lglkgand J.lg/L. Radionuclide ·levels are presented aspCi/g and' pC ilL. 

The SI also attributed contamination in soil and shaliow groundwater at the southwest corner of the 
C-746-S&T Landfill Complex to the buried channel of the NSDD. Contaminants in soil included TCE; 
the PAH fluoranthene; the radionuclides 237Np, 239pu, 99Tc, 23Drh; and the common uranium isotopes. the 
same radionuclides, with ,the exception of 237Np and 239pU, as well as the metals barium, cobalt, and 
nickel, also were found at elevated levels in filtered. samples of UCRS groundwater. 

The Phase H SI related contamination ofRGA groundwater by TeE {max of 58IlgIL);99'Fc (max ·of 
610 pCi/L); 234U (max ot: 6.1 pCiIL); and 238U(max of 5.9 ,pCiJL) in the area of the C-746 .. :S&T Landfill 
Complex to the NSDD: Subsequent compliance monitOfing at the C-746..:S&T and! C-746-U 'I!..andfills 
have detected levels of TCE as ,high as 32 IlglL.and 99Tc as high as 45 pCilL (disregarding I' outlier). 

3.2.11.2 C-616 Lagoon Complex 

Description 

The C-6'li6l!..agoon Complex consists of two adjacent impoundments, the C-616..:E Sludge Lagoon and 
the C-616-F Full Flow Lagoon, located north of the plant's perimeter security fence. Both lagoons were 
constructed in 1977 to support the C-6'l6 Liquid' Pollution Abatement Facility, which was used to reduce 
chromium from wastewaters of the C-635 Cooling Towers and, other nearby facilities. C~616-E was a 
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dewatering basin for the treatment facility sludge. Flow passed from the C-M6~E Lagoon to the C-616~F 
Lagoon and then to Bayou Creek through the Outfall 001 ditch system. Figure 3.76 is a map of the C-616area. 

The C-616-F Lagoon is a settling basin for final polishing of the C-616-E effluent and for flow from 
theon-site NSDD, pumped to the lagoon by the C-616-C Lift Station. Because theC-616-E Lagoon,filled 
with sediment, walls and baffles of sheet piling were added to the east end of the C-616-F Lagoon and, 
beginning in 1997, the C-6:l6-F Lagoon began receiving the sludge from the C-616 Liquid Pollution 
Abatement Facility clarifier. 

Both lagoons are constructed with below-grade clay floor and above-grade earth/clay walls. The 
lagoons share a common wall containing a 0.3-m (12-in.) overflow pipe, to drain the C-M6-E Lagoon 
into the C-616-FLagoon. The C-616-E Lagoon is an "L"-shaped surface impoundment covering an area 
of 19,974 m2 (2l'5,000 ft\ C-616-F is a rectangular impoundment of 31,587 m2 (340,000 ft\ The design 
depth of water in both lagoons is approximately 3.7 m (12 ft). 

Seuing 

The berms of the C-616 Lagoon complex rise approximately 2.1 m (7 ft) above the surrounding land. 
An overflow weir on the west end of the C-616-F Lagoon maintains the water level at 0.9 m (3 ft) below the 
top of the dam. A perimeter security fence, at the base of the berms, prevents public access to the lagoons. 

Geology/Hydrogeology 

A loess-derived silt deposit underlies the C-616 Lagoon Complex to a depth of 3.0 m (10 ft) bgs. Silt and 
clay units are locally present, forming a HUI horizon with a thickness of up to 6.4 m (21 ft). The underlying 
HU2 horizon is composed of a 1.8 to 3.(:)-m(6- to IO-ft) thick interval of sand overlying gravel. On the 
west side of the lagoon complex, the depth of the base of the HU2'horizon is at 7.3 m (24 ft) bgs. Depth 
to the base of the HU2 horizon on the east side of the lagoons ranges from 6.:} to 8.5 m (20 to 28 ft) 'bgs. 

The HU3 member primarily is silty sand, with thick clay lenses of limited horizontal extent. Thin 
sand and gravel units occur locally. The cumulative thickness of the HU3 units ranges from 7.0 to 8.8 m 
(23 to 29 ft) with a base at 14.0 to 16.2 m,(46 to 53 ft) bgs. 

In the C-616 area, the RGA consists of a HU4 horizon of sand, with a width between 0.6 and 2.1 m 
(2 and 7 ft), overlying athick HU5 :horizon. The HU5 member primarily is a sandy gravel deposit on the 
west side of the lagoons but includes an upper gravel unit on the east side of the lagoons. 

Nearby wetlands attest to a shallow water table in the area of the C-616 Lagoons. MW 173 (screened 
in the upper RGA) and MW 174 (screened in the VCRS) measure a downward hydraulic gradient of 
approximately 1.5 in the UCRS on the south side of the C-616-F Lagoon. The high hydraulic gradient, in 
combination with the more permeable texture of the local 003, likely results in an area of increased 
recharge to the RGA beneath the lagoons. Local groundwater flow directions are difficult to predict but 
the overall flow direction must be to the north. 

Natllre and Extent o/Contamination 

PGDP operations previously characterized the potential for the C-616-E Lagoon to leach hazardous 
constituents with sampling events in 1991 and 1993. In the 1991 sample event, 46 sludge samples were 
collected for analysis of leachable chromium. The average characteristic of the lagoon for chromium was 
found to be 1.670 ± 0.851 mg/L for the mean at the 80% confidence intervall in the TCLP extracts, which 
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was well below the regulatory limit of 5,0 mgIL. In the 1993 sample event, 20 sludge samples were 
collected and analyzed for PCBs, radionuclides, and the full suite of RCRA TCLP parameters. Uranium 
(upto 69.3 pCilg) and chromium (up to 1.52 mgIL) were the only detectable analytes. 

The SI composited a sample of sludge from three locations in the C-616-E Lagoon and collected a 
water sample for analysis. Chromium levelsof22,100;000~glkg in sediment and 28.9 ~gIL in surface water 
were detected. The metals: antimony (425,000 ~glkg), copper (335,000 ~glkg), iron (132,000,000 ~glkg), 
nickel!(71,700~glkg), and zinc (417,OOO~glkg); and the radionuclides: 99Tc (94 pCi/g), 23~h (12 pCilg), 
234U (5.2 pCi/g), and 23SU (8.8 pCilg) were present in the sludge at elevated levels. 

The only characterization of the C-616-F Lagoon comes from the SI, a sample of sludge composited 
from three locations across the lagoon and a water sample from near the center of the lagoon. Chromium 
levels in the C-616-F Lagoon were 1,960,OO0i~glkg in sediment and 1O.4!~g!L in surface water. l1he only other 
contaminants of the slUdge found at elevated levels were beryllium (3,900 ~glkg) and 9~C (4,700pCilg). 

MW 173 (screened in the upper ROA) and MW 174 (screened in ,the VCRS) provide the closest 
sampling points for characterization of area groundwater. In. both wells, the maximum detected TCE 
levels are at trace levels (4 ~gIL in MW173 and 3 ~gIL.in MW174), the dissolved chromium analyses are 
below the method detection limits, and', with the exception of 1 outlier, the maximum detected 99Tc levels 
are 1'8 pCilL (MWI73) and 17 pCilL (MWI74). 

However, downgradient ROA monitoring wells define a discrete area of elevated ~c activity, identified 
as the Technetium-99 Plume. which may be derived from the C-6JI6 Lagoon Complex. Technetium-99 
activity in the core of the plume ranges between 200 and 300 pC ilL, No other contaminants are known to 
be associated with the Technetium-99 Plume. 

3.2.1l.3'OutfallsOl0, 011, and 012 

Scope 

During September 11, 1995. through October 3'}, 1995. an evaluation of the area surrounding and 
downstream ,of Outfalls 010. 011. and 012 was conducted, at the PODP. The purpose of the investigation 
was to determine the source of elevated levels of TCE in Outfall Ol'ldetected during June 1995 sampling 
of the soil, and groundwater adjacent to the ditch. The results of the investigation were to determine the 
necessity of removal or remedial actions at Outfalls 0 I 0, 011, and 012, and at AOC 204 (DOE 1995b). 

Areas of Investigation 

The POOP received four Notices of Vliolation (NOVs) from the Kentucky Division of Water for 
discharge ·of PCBs at levels exceeding the POOP Kentucky Pollutant Discharge Elimination System 
(KPDES) permit limits. In 1994 and 1995. PCBs were ,detected in effluent from Outfall 012. resulting in 
one NOV each year. Since the receipt of the NOV s, unusually high concentrations of TCE were detectedl 

in Outfall 0111 water. 

Outfalls Oiro,OU, and 012 includeSWMUs 56. M, 66, 70~ 74, 75, 80, 82, 83, W'}, 188. and 191 and 
AOC 204. The area of study drains to Little Bayou Creek through Outfalls 010 through 012. Plant effluent 
,is diverted from Outfalls 002, 011, and 01112 via lift station, and discharged throughOutfallOfO. During high 
t:low events, drainage exceeding the capacity of the Outfalli 002, 011, and 012 lift stations is routed! through 
the respective outfall. Figure 3.77 shows the location of the study area with respect to the PODP site. 
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Method of Investigation 

During the Outfalls 01()"':()12 and AOC 204 ,investigation, a geophysical survey, sediment sampling, 
soil borings, temporary piezometer installation, and water level measurements were conducted. The 
following subsections provide a description of each of these activities (DOE 1995b~. 

Geophysical surveys. Geophysical surveys were conducted, between September '11 and September 20, 
1995, prior to environmental sample collection. The geophysical survey was performed in ,the vicinity of 
AOe 204, between Outfall 010 and Outfall '011, using electromagnetometers. These data were evaluated 
by comparing the anomalies on the contour maps with the cultural features noted on topographical maps 
of the area. Results indicated four target areas, potential locations of buried material and debris, for 
further soil sampling in the vicinity of AOC 204. Figure 3.77 identifies the geophysical survey areas, and 
locations of electromagnetometer anomalies. 

Sediment sample collection. Eighteen ditch sediment samples were collected during the investigation: 
three from Outfall OlD, five from Outfall 011, five from Outfall 012, five from Little Hayou Creek, and 
,two from the ditch which drains AOe 204. Each sediment sample was collected 03 m (1 ft) below the 
,top of the sediment within the ditch. Figure 3.77 shows the Ilocation of each of the sediment sampling 
locations conducted forthis study. 

Soil borings. Twenty-three direct push borings weredrilIed for subsurface sampling of soil and 
groundwater; borings were drilled to a maximum depth of 11 m (35 ft) bgs. Soil samples were collected' 
from 18 of the borings, with one soil sample collected at a depth of 0.3 m (1 ft) bgs per boring for PCB 
analysis. Groundwater samples were collected from 25 locations, including 22 of the boring locations. 
Fourteen piezometers were installed to collect samples and; hydrologic information. Figure 3.77 shows 
the location of each of the soil borings conducted for the study. 

'Femporary piezometer installation. Three temporary piezometers were installed in the center of 
the drainage ditches, one at each sediment sampling location. Temporary piezometers were also installed! 
in 11 of the soilhor:ings. Figure 3.77 identifies the location of the temporary piezometers installed for the 
investigation. 

Water level measurements. Water levels in each ,of the temporary piezometers were measured on 
October 23, >1995, and recorded. 

Previous Investigations and Remedial A'ctions 

During the early 1980s, Outfall 011 was dredged and excavated to remove PCB contamination to obtain a 
cleanup level of 25 ppm Data from this study indicated PCBs detected in the KPDES monitoring stations 
were the result of PCBs migrating with particulate within the storm and plant effluent discharge system. 

During sampling conducted in June 1995, elevated levels of TCE in the vicinity of Outfall 011 were 
detected during soil and groundwater sampling (DOE 1995b). 'these elevated levels of TCE prompted the 
Outfall' 010 through 012 and AOe 204 investigation. 

Geology/Hydrogeology 

Stratigraphy in the area of interest was determined to be similar to that elsewhere at the PGDP. A 
generalized depiction of the geology in the Outfalls OlO.through 012 area is provided as Fig. 3.78. 
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Field data indicate that the HUI and the underlying Porters Creek Clay confine the HU2 in this area. • 
It is assumed that some leakage occurs between the HU2 and the RGA proceeding north off the Terrace 
Gravel slope. Geomorphic features, such as the outfall ditches and Little Bayou Creek, influence the local 
poentimetric surface; potentiometfic data suggest that shallow groundwater is recharging the surface a~ 
Outfalls 011 and 01:2. However, temporary piezometer information indicates a section of Little Bayou 
Creek is a "losing" stream, along with Outfall 010. Gaining or losing reaches of the surface water appears 
to be dependent upon the degree of hydraulic connectivity to the HU2 unit, which is dependent upon the 
thickness. and permeability of the overlying HU 1 unit (DOE J,995b). 

Nature and Extent of Contamination 

Soil. Seven borings indicated concentrations of VOCs within the subsurface soil. Concentrations of 
TCE from samples collected during this and previous investigations ranged to 2804 Jlglkg (Carter, et al. 
1995), and' were detected in the soil borings at varying depths. Soil borings 204-,15 and 204-19 showed 
consistent ,levels ofTCE and 1,I,l-'fCA (less than 110 Jlglkg) throughout the depth of the boring. 

PCBs were detected; in only one of the soil borings at detectable levels, with the exception being at 
boring 204-26, located within the PGDP security fence immediately adjacent to a dielectric transfer line 
and' the C-533 switchyard. Operators of the C-540 building indicated ithat the dielectric fluid lines have 
been cut and occasionally weep oil in the spring. The oil within the lines contains PCBs. Therefore, it is 
presumed that the PCB contamination detected in boring 204-26 is related to the dielectric line and is 
unrelated to the contamination detected in Outfall 011 (nOE 1,995b). 

Sediments. Data collected from this investigation suggested that the sediments within Outfall 011 
are the source of TCE detected in the KPDES sample from the station at Outfall OIl. One ditch sediment 
sample contained elevated TCE concentrations. The lack of 'fCE in sediments 'located upstream of the 
contaminated area indicated 'FCE is not migrating from upstream sources, such as the plant site; downstream 
sediment samples did not indicate the presence of TeE, suggesting a localized source of TCE. Further, it 
was determined to .be hydrodynamically improbable for contaminants to migrate from shallow groundwater 
to Outfall 011, as shallow groundwater flow is downward and ,flows in a northerly direction from Outfall OIl. 

Several of the ditch sediment samples contained detectable levels of IpcBs (Aroclor-1254 and -1260), 
with. samples in the upper reaches containing the highest concentrations. As the solubility of Aroclor-1254 
and 1260 are 40 Jlg/L and 25 ,Jlg/L, respectively, results strongly suggested that PCB contamination is 
associated with particulate transport (DOE 1995b). 

Groundwater. One groundwater sample, collected from boring 204-20 contained TCE at 400 J.lg/L. 
Groundwater samples collected from borings 204-06, ~08, -J:5, and -17 contained TCE and 11,1;l-'fCAat 
levels >32 JlglL. None of the other sample locations had detectable levels of 'fCE. Sampling conducted 
prior lothe Outfalls 010 through 012 and AOC 204 investigation detected TCE groundwater contamination 
at levels of 35,000 'Jlg/L in the vicinity, which was considered an indicator of DNAPL in the soils. Using 
previous investigation results and study data, the VOC concentration profile suggested a plume in the HU 
stratigraphy extending northward from Outfall·01f 1, with downward' migration likely occurring. 

PCBs were not detected in any of ' the groundwater samples dufing the investigation ~DOE 1995b) . 
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3.3 PREVIOUS GROUNDWATER INVESTIGA'J:IONS 

3.3.1 Groundwater Phase I 

The Phase I Groundwater Investigation was initiated in Summer 1986 to provide general'lithologic 
and hydrologic data at three areas 'located inside the plant security fence. The project consisted of the 
.installation of eight groundwater monitoring wells, six of which were instaHed in two well clusters of 
three wells each (completed in ,the UCRS, Upper RGA, and Lower RGA). These ,two well clusters were 
:Iocated near the northwest ,corner ,of the plant (MWs 63 through 65) and near the center ,of the plant 
(MWs 68 through 70). One replacement well (MW70A) was installed to replace Upper RGA well MW70 
when it was concluded that mud-induced well damage was preventing water from flowing into ,the hole. 
The remaining well (MW67); located at the northern edge of the C-749 Uranium Burial Ground (SWMU 2), 
was completed in the upper RGA to investigate hydraulic conditions in that area. Grain-size analysis was 
conducted on representative soil samples collected from each well boring. Two deep [approximately 45,7 m 
(150 ft) bgs] sample borings (S 1 and S2) were drilled to delineate the vertical l extent of the RGA and to 
assist .in characterizing the stratigraphy of the upper 15.2 m (50 ft) of the McNairy Formation. Falling 
head 'tests were conducted in an attempt to quantify the hydraulic conductivity of the RGA, but due to 
difficulties encountered during these tests, accurate measlirements could not be obtained. 

The results of this investigation are briefly presented in a final report issued by MCI Consultants in 
December 1986 (MCI 1986). As noted there, this investigation was among the first to provide information 
concerning the total thickness of the RGAinside the PGDP boundaries. In addition, the two,deep borings 
provided new information regarding the lithology of the upper McNairy Formation at the plant. 'Fhe 
potentiometric data provided by the project wells were consistent with previously determined: RGA flow 
directions (north/northwest) but suggested that local, anomalous gradients could exist. 

3.3.2 Groundwater Monitoring Phase I!I 

The Groundwater Monitoring Phase II project was conducted at the PGDP pursuant to the CERCLA 
ACO between DOE and EPA. It involved the installation of borings and monitoring well's to provide 
additional infOJmation concerning the hydrogeology of the PGDP, in particular the C-404 LandfilL Ten 
soil' borings were drilled into the McNairy Formation, four RCRA-quality monitoring well clusters were 
installed around the edges of theC-404 Landfill. and ,five other plant monitoring wells were plugged and 
abandoned, In addition, an aquifer pump test was conducted in the RGA near theC-404 Landfill 
,involving the installation of a high-capacity pumping well and five piezometers. 

The results of this investigation are detailed in the report Ground Water Monitoring. Phase 2~· 

Preliminary Hydrogeological Characterization of the DOE Reservation and C-404 Post Closure 
Compliance Program (EDGe 1989), This investigation was among the ,first to recognize the significance 
of the bu~ied teR"ace (porters Creek lferrace) that extends roughly east-west across the southemportion 
of the site. The terrace slope was believed to act as a transition zone across which the shallow deposits 
('iferrace Gravels) and the RGA are relatively discontinuous. The investigation concluded that the slope 
of the terrace ,influences the amount of recharge into the RGA across the terrace slope and suggested 
additional hydrogeologic investigations to quantify the flow . 
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3.3.3 Groundwater Phase HI Investigation 

In 1991, the Groundwater: Phase ill Investigation was initiated to. address several data gaps existing 
at that time concerning the site geDIDgy and hydrogeDIDgy. Field activities for the investigation were 
conducted between fall 1:991 and spring 1992. The investigatiDn invDlved the fDIIDwingfield activities. 

• Installation Df three RGA mDnitDring wells to. provide perimeter mDnitDring data. 

• Installation Df two. piezDmetersin the RGA to. provide potentiometric data in areas where ,little Dr no. 

data existed. 

• InstallatiDn of a backgrDund mDnitDring wen cluster, with individual mDnitDring wells cDmpleted in 
the UCRS, the RGA, and the McNairy FDrmatiDn.Thecluster (MWs ,102 thrDugh 104) was installed near 
the base Df the Pofters Creek Terrace between ,the C-746-K Landfill and the PGDP security fence. 

• InstallatiDn DfsDil bDrings to' provide additiDnal lithDIDgic data. SixDf these borings were installed 
to. provide a better understanding Df several featuresDf the PDrters Creek Terrace, in particular the 
cDntinuity Df water-bearing depDsits Dver the terrace slDpe. Other sDil bDrings were associated with 
mDnitoring well and piezometer installatiDn . 

., IInstalhltion Df a. high-capacity well,seven piezDmeters, and three buried pressure transducers fDr 
cDnducting an aquifer pump test in the RGA. 

Results 

• 

The results Df the investigatiDn provided' useful infDrmatiDn fDr further characterizatiDn of the • 
stratigraphy, groundwater ·flDW properties,and groundwater cDntaminantdistributiDn at the PGDP. These 
results are detailed in the NDvember 1992 dDcument, Report of the Paducah Gaseous Diffusion Plant 
Groundwater Investigation Phase III (MMES 1992e). The Phase ill repDrt provided an Dverview Df 

previDus hydrDgeDlogic investigatiDns and presented an updated hydrDgeDIDgic cDnceptual' model for ,the 
PGDP, ,based Dn all that was knDwn at that time .cDncerning the stratigraphy, grDundwater chemistry, and 
hydrogeDIDgy Df the site. 

The sDil borings installed fDr the Phase ill Groundwater InvestigatiDn provided lithDlogic data to' 

define mDre accurately the IDcatiDn and slDpe of the PDrters Creek Clay Terrace near the sDuthern 
bDundary Df the plant. The bDring IDgs also. provided evidence that the shall'ow depDsits are discDntinuous 
across the terrace slDpe. The steep hydraulic gradient at the terrace slDpe, as indicated by hydraulic head 
measurements taken during theinvestigatiDn, cDnfirms that flDW is restricted across the terrace slope. The 
lithDIDgic data gathered during this investigation prDvidedevidence Df the lateral and vertical 
heterDgeneity Df the RGA and also. provided data tOSUpPDrt fufthercharacterizatiDn Df the McNairy 
FDrmation. The McNairy was Dbserved to cDnsist of very fine- to. medium-grained, wellsDrted sand with 
interbedded thin clay layers. 

Measurements Df cDntaminant (TCEand 99Tc) cDncentratiDns in the dDwngradient and perimeter 
wells were useful in further defining the limits of the contaminant plumes at the PGDP. The data 
suggested that there are five to. nine Dr more distinct groundwatercDntaminant plumes, three of which 
extend Dff-site. Groundwater analyses assDciated with the pump test suggested the ,presence Df a 
previously unknown source Df TCEcDntaminatiDn in the vicinity Df the C-333 Building. 
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Results of the aquifer .pump test conducted for the Phase III Groundwater Investigation provided 
information concerning the hydraulic properties of the RGA in the area west of the C-333 Building. 
Detailed ,information concerning the test and an analysis of the data can be found in the Terran aquifer 
assessment report (Terran 1992). The results of the test indicated that the hydraulic conductivity of the 
RGA, which ranged in value from (1,000 to '1!,2OO ftld), was higher than previously measured. 

A number of data gaps remained after completion of the Phase III Groundwater Investigation. The 
possible influence of RGA paleochannels on contaminant plume migration was identified as an 
uncertainty that should be addressed in future investigations. Additional unresolved issues included the 
effects of transient river conditions on groundwater flow patterns and quantification of the amount ·of 
groundwater flow over the terrace slope. 

3.3.4 Northeast Plume (Groundwater !Phase IV) Investigation 

Scope 

The Northeast Plume Preliminary Characterization Sumnuiry Report (DOE 1995a~ documents two 
phases of fieldwork completed between March and December 1994, a Site Evaluation of SWMUs 193 and 
194 and a Groundwater Monitoring Phase IV Investigation. Together, these investigations provided much 
of the key data to support selection of an interim corrective measure for the PGDP's Northeast Plume. 

The Site Evaluation of SWMUs 193 and 194 was intended to identify possible sources of contamination 
associated with some of the staging areas utilized during plant construction. These areas represented 
potential source areas for the Northeast Plume. The Groundwater Monitoring Phase IV Investigation 
pfimarily was an assessment of the nature and extent of contamination and aquifer hydraulic properties 
associated with the Northeast Plume. 

Areas of Investigation 

The Site Evaluation of SWMUs 193 and 194 focused on sites located in the south and east sides of 
the PGDP where fabrication and assembly of plant equipment occurred during the construction of the 
PGDP. These processes typically used large quantities of TCE, the primary contaminant of the Northeast 
Plume, as a degreasing and cleaning agent. Figure 3.79 is a map of the areas targeted for investigation as 
part of the Site Evaluation and the project sample locations. 

The Groundwater Monitoring Phase IV Investigation boreholes defined four on-site transects 
oriented southeast-northwest and four off-site transects to the east and northeast of the PGDP. These 
transects bisected the Northeast Plume and other areas of groundwater contamination related to the 
PGDP. Figure 3.80 shows the location of the investigation boreholes. 

Investigation Methods 

The Site Evaluation of SWMUs193 and 194 used a cone penetrometer and GeoProbe rig to collect 
soil and water samples and define the .geologic units from 28 boreholes. At two locations within SWMU 
193, the Site Evaluation included an electromagnetic survey to locate possible buried objects as an aid in 
siting the project boreholes. 

The Groundwater Monitoring Phase IIV Investigation consisted of 48 boreholes drilled to a depth of 
approximately 46 m (150 ft) using a dual-wall reverse circulatiohdrilling method. Water samples from 
the UCRS (w.here possible), the upper, middle, and lower RGA and several depths in the McNairy 
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Formation defined both areal, and vertical trends in. contaminant levels. Geophysical and, sample logs of • 
the boreholes defined the geologic units of the investigation area. In addition, the Groundwater 
Monitoring Phase IV Investigation constructed RGA wells in nine boreholes to provide for continued 
monitoring of contaminant levels in critical areas. 

Conclusions 

The Site Evaluation of SWMUs 193 and 194 and the Groundwater Monitoring Phase IV Investigation 
provided key data regarding the geologic framework of the PODP area and the source and distribution of 
groundwater contamination derived from the PGDP. 

Geology/Hydrogeology 

The lithologic and geophysical logs of the Northeast Plume Investigation confirmed the conceptual 
model of the stratigraphy of the PGDP but provided many refinements in the area of the Northeast 
Plume. Within the lower continental deposits, the geophysical logs defined the textures of distinct 
depositional units that could then be correlated to hydraulic properties. Several borehole logs indicated' 
the lpresence of coarse sand and gravel units in the top of the McNairy Formation in contact with basal l 

gravel units of the lower: continental deposits. Vertical trends in contaminant levels indicate that these 
sand and gravel units in the McNairy Formation were in hydraulic connection with the lower continental 
deposits. Consequently, the basal RGA was redefined to include McNairy Formation sand and gravel 
units in contact with the lower continental deposits, where they occur. 

Most soil borings penetrated approximately 15.25 m (50 ft) into the McNairy Fortnation. These 
boreholes were not sufficiently deep to penetrate a middle member of the McNairy Formation, termed the • 
Levings Member in southern Illinois. However, the geophysical log of the one Groundwater Monitoring 
Phase IV Investigation boring that was drilled to the base of the McNairy Formation indicated that a 
thick Levings Member is locally present with a top near the depth of the other soil borings. 

Nature and Extent of Contamination 

The Site Evaluation of SWMUs 193 and 194 and the Groundwater Monitoring Phase IV Investigation 
detected several potential sources of contamination to the RGA. Table 3.90 sUlllmarizes the source zone 
identifications. 

l'able 3.90. Potential contaminant source zones identified I by the Northeast Plume Investigation 

Plume 
Northeast 

Northwest 

? 

Location 
Millwright Shop 
Septic Tank and Leach Field of the Kellogg Pipe Fabrication Shop 
C-340 Area 
C-531 andC-533 Switchyards 
C-400 
Northwest Area (Between Borings P4-GII and P4-G12) 
C-720 Area 

Contaminant(s) 
'ICE 
'FCE 
'FCE 
'ICE 

TCE and .,.,. c 
TCEand ~c 

TCE 

The Northeast Plume Investigation verified that TOE and 99Tc were the primary contaminants 
associated with the Northeast Plume. Contaminant levels· of Northeast Plume samples mnged up to 6,700 Jlg/L 
'FCE and 712 pCiIL ~c. Sample analyses of many on-site RGA water samples (and some McNairy 
Formation water samples) reported the presence ofTCE degradation products, but generally at levels of 
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secondary importance. Table 3.91 presents the five highest detected levels of the TCE degradation 
products from the Northeast Plume water samples. 

Boring ID 

P4-G2 
P4-G7 
P4-F4 
P4-El 
P4-G3 

P4-G2 
P4~G7 

P4-El 
,P4-GS 
P4-E6 

P4-G2 
P4-F5 
P4-G7 
P4cG3 

P4~FS 

P4-F4 
P4-E6 
a Only 3 detections 

Table 3:91. Summary of highest detected levels of TeE degradation 
products in RGA water samples of the Northeast Plume 

Detected contaminant levels 
1st 'Highest 2nd Highest 3rd Highest 4th Highest 5thIHghest 

Cis-1,2-Dichloroethene 
3,097 

998 
525 

518 
464 

Carbon Tetrachloride 
402 

25 
22 

6 
3 

I,l-Dichloroethene 
382 

146 
so 

34 
23 

1,1,1'-Trichloroethane3 

21 
2 

Location 

TopRGA 
Base RGA 

MiddieRGA 
MiddieRGA 
MiddieRGA 

TopRGA 
Base RGA 

MiddieRGA 
Base RGA 
Base RGA 

Middle,RGA 
Base RGA 
Base RGA 

MiddieRGA 
BaseRGA 

BaseRGA 
MiddieRGA 
BaseRGA 

Figures 3.8 land 3.82 present the maximum TCE levels in the top and bottom of the RGA as 
mapped for the Northeast Plume Investigation. In addition, Fig. 3.83 shows the maximum 99Tc levels 
mapped in the RGA, based on the investigation data. The primary observations of the Northeast Plume 
Investigation based on the contaminant distribution included these: 

• The southern edge of the Northeast Plume is sharply defined; 

• The extent of.contamination at the top of the RGAdiffers from ,the extent of contamination at the 
base of the RGA; and 

• The C-400 area is primarily a source ,to the Northwest Plume. 

The Northeast Plume Preliminary Characterization Summary Report (DOE 1995a) concluded that 
the general presence of the highest dissolved TCE levels at the base of the RGA suggested the presence 
of a DNAPL source(s) for the N0rtheast Plume. However, the presence of highest dissolved TCE 
concentrations at the top of the RGA was an indication of proximity to a UCRS DNAPL source zone. 
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3.3.5 Northwest Plume Investigatiolll 

Scope 

The Fillal Report on Drive-Point Profiling of the Northwest Plume alld Analysis of Related Data 
(DOE 1995e) documents two phases of investigation of the Northwest Plume. The focus ofthe ,report is 
the interpretation of data derived from investigations conducted in September through October of 1992 
and August 1993 through March 1994. In addition,the report presents existing data from environmental 
surveillance monitoring and other investigations to support a conceptual model of the physical controls 
governing contaminant migration in the Northwest Plume. 

Areas of Investigation 

Both phases of the investigation addressed SWMVs 7 and 30, located in the northwest comer of the 
plant, and the off-site area overlying the high concentrdtion zone ·of the Northwest Plume. The second phase 
investigation also collected water samples on the south side of SWMVs 7 and 30 to characterize 
upgradient source contributions. Figure 3.84 is a map of the primary sample locations used in the Northwest 
Plume Investigation. 

The soil borings of both phases of fieldwork defined contaminant distribution and the geologic 
structure of the RGA along six transects across the axis of the Northwest Plume. These transects form the 
basis for a 3-dimensional model of the RGA and the Northwest Plume. 

Investigation Methods 

The Northwest Plume Investigation relied upon a hydraulic hammer-drive system coupled with a 
discrete depth sampler to collect the majority of groundwater samples for the investigation. These water 
samples represented the VCRS, RGA, and McNairy Formation flow systems. Other soil borings drilled 
by hollow stem auger and sampled with a HydropunchHt sampler and existing monitoring wells were also 
used to collect VCRS and RGA water samples. Logs .of previous area soil borings provided the expected 
depths of the top and base of the RGA.Changes in penetration rate by the hydraulic hammercdrive 
system determined formation contacts for the ,log of each soil boring. 

Together, both phases of the investigation completed 33 soil borings and collected water samples 
from 90 discrete depths using the hydraulichammer-<irive system. Traditional: drilling, using hollow stem 
augers, collected an additional seven discrete depth samples from six soil borings at the northern extent 
of the high-concentration zone of the Northwest Plume. The investigation also sampled 11 monitoring 
wells in the Northwest Plume area. 

Conclusions 

The results of the Northwest Plume Investigation are the primary basis for the current maps of 
lateral and vertical extent of the core of the Northwest Plume. These map revisions were cfitical to the 
siting the Northwest Plume Groundwater (pump-and-treat) System. 

Geology/Hydrogeology 

The soil borings of the Northwest Plume Investigation defined a trough in the top of the McNairy 
Formation in the area of the high concentration zone of the Northwest Plume. The Final Report 011 

Drive-Point Profiling of the Northwest Plll1lle alld Analysis of Related Data (DOE 1995e) attributed the 
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orientation of the Northwest Plume, in .part, to highly conductive channel deposits along the trough~ A 
topographic high in ,the top of the McNairy For:mation was found near the northern extent of the high
concentration core of the Northwest Plume. Soil1borings from this area revealed that the lower continental 
deposits consisted of finer-grained sediments across this ridge in the top of the McNairy For:mation. 

The investigation report presents a comparison of hydrographs of RGA wells in the Northwest 
Plume area versus a hydrograph of the Ohio River. Periods of high hydraulic potential in the RGA 
apparently correspond (lag behind~ periods of ' high river stage. These trends in hydraulic potential cause 
groundwater flow directions along the axis of the Northwest Plume to change from north (low river 
stage) to northeast (high river stage). causing a wobble in the axis of the Northwest Plume. Thus. 
contaminant levels in Northwest Plume wells can be expected to vary according to previous trends of 
Ohio River stage. the contaminant level/riverstage relationship is dependent upon the location of the 
monitoring well relative to the core of the Northwest Plume. 

Nature and Extent oJ Contamination 

The investigation confirmed that the primary contaminants of the Northwest Plume are TCE (up to 
16.000 J.lg/L) and ~c (up to 4.800 pCilL). with only trace levels of TCE degradation products (1.1-DCE 
andl,2-DCE) throughout the RGA plume. (Analyses of the first phase Northwest Plume Investigation 
reported cis-DCE compounds and vinyl chloride in RGA water samples. 'these detections appear to be 
misidentifications of freon and bromodichloromethane.)MWI86. a VCRS well in SWMV 7. was found 
to be the only location of elevated degradation products (up to 3.000 J.lg/L vinyl chloride and 4.800 J.lg/L 
1.2-DCE): Thus. the only significant degradation of TeE appears to occur in localized areas of the VCRS . 

The Northwest Plume Investigation measured high levels of TeE and 99Tc in water samples from the 
upper RGA and VCRS near SWMV 7 (MWs 185 and 1:87. respectively). However, water samples from 
soil borings J36 and J43 revealed that ,the highest contaminant levels were present at the base of the 
RGA. In addition. the investigation report showed that the ratio of the levels of TCE versus 9~C was 
constant within the Northwest Plume. However. the upper RGA samples from near SWMV 7 did not 
contain the same ratio of contaminants. Thus. two sources to ,the Northwest Plume were implied. The 
upgradient samples of the Northwest Plume Investigation and recent sampl'es collected for the Northeast 
Plume Investigation indicated ·that the C-400 Cleaning Building was the location of a larger DNAPL zone 
to the Northwest Plume. 

Figures 3.85 through 3:90 are maps of contaminant levels in the upper. middle, and lower RGA as 
determined by the Northwest Plume Investigation. Table 3.92 summarizes calculations in the investigation 
report of the area of contamination and contaminant mass and flux for the Northwest Plume. 

The investigation report includes a plot of measured contaminant levels versus. distance along the 
axis of the Northwest Plume. This plot defines a consistent dilution curve, suggesting that the mass flux 
in the Northwest Plume has reached equilibrium. Based on the dilution curve. the 5 J.lg/L drinking water 
standard commonly applied for TCE contamination is reached at a distance of 4,270 m (14.000 ft) 
downgradient of the plant security fence. Because the Ohio River is approximately 5.180 m (17,000 ft) 
downgradient of the plant security fence, the Northwest Plume is not expected to significantly impact 
water quality in the Ohio River. 

Two reports were previously done for·the Northwest Plume. They are discussed separately . 
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Table 3.92. Calculations of physical properties of the Northwest Plume 

Physical property 
Area Underlain by the Northwest Plume 

Volume of Contaminated Water Contained 
Within The Northwest Plume 

Volume of Dissolved TCE Contained 
Within The Nor:thwest Plume 

Annual Mass Flux of TCE Within the 
Northwest Plume 

Volume ofI>issolved 99Tc 'Contained 
Within the Northwest Plume 

Annual Mass Fluxof~c Within the 
Northwest Plume 

Calculation result 
(SI Units) 

5 'kilometers2 

9.2 x 109 to 1.4 X 1010 'liters 

2,100 to 3,300 liters 

12 to 20 liters 

1,700 to 2,500 grams 
(28 to 42 Curies) 

0.001 to 0.006 grams 
(0.4 to 0.7 Curies) 

Calculation result 
(English Units) 

1.300 acres 

2.4 x 109 to 3.6 x 109 gallons 

400 to 600 gallons 

3 to 6 gallons 

4 to 6 pounds 

2.2 X 10-6 to 1.3 X 10.5 

The summary ,presented in this section was taken from Human Health Baseline Risk Assessment for 
the Northwest Plume. Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE 1993b). Specifically. 
Sect. 5 of the Northwest Plume BRA contains the pertinent !risk information. that will be repeated here. 
The purpose of this activity was to provide support for the determination of potential ,remedial action 
needs and alternatives for the Northwest Plume. 

Tables 3.93 and 3.94 summarize the fisks for areas ,of the Northwest Plume calculated in the 
Northwest Plume BRA. l1hese risks are being compiled from Tables 5.1 through 5.10 of the Northwest 
Plume BRA. These tables were taken from Baseline Risk Assessment andTechnicallnvest;gation Report 
for the Northwest Dissolved Phase Plume (DOE 1994b). 

The results of the Northwest Plume Dissolved Phase BRA are presented here and are taken from 
Baseline Risk Assessment and Technical Investigation Report for the Northwest Dissolved Phase Plume 
(DOE 1994b). This investigation evaluated the nature and extent of off-site contamination in the RGA in 
the Northwest Plume and determined~ risk presented by this contamination to groundwater users. 
However, unlike the earlier investigations, which focused only on fisk under current conditions, this 
assessment focused on both risk under current conditions and risk because of changes in contaminant 
concentrations over time, assuming that the on-site sources of the Northwest Plume (i.e., those sources 
that are within the controlled area at POOP) were contained. The results of the risk assessment of 
groundwater usage are discussed in Subsection 5.S of the Northwest Plume Dissolved Phase BRA and 
tabulated in Tables 5.5:1 through 5.111 of , that report. 

Tabl'es 3.95 through 3.98 summarize the risk results and the contaminants contributing to the risk of 
the Northwest Plume Dissolved Phase BRA. 

3.3.6 Natural Attenuation Investigation 

Scope 

With the support of the Argonne National Laboratory, an evaluation of natural attenuation processes 
for TCE and 99Tc in the Northeast and Northwest Plumes was conducted at the POOP in May 1997 
(Clausen. 1'997). Fifteen monitoring wells were sampled for various parameters to document the type of 
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Table 3.93. Summary of risks for the Northwest Plume at the PGDP • (fonnedy "Table 5.9a. Hazard indexes and excess lifetime cancer risk associated with 
exposure to natural occurring metalsa-DOE 1993b") 

Inhalation of Dermal Sum of 
volatiles exposure Ingestion HQs 

Ingestion or household while or Ingestion Ingestion HI 
Chemical roundwater water use bathin ve etables of milk or meat total 

High TCE Tc 
Arsenic 8.9E-OI NR 2.SE-03 2.9E-Ol 4.4E-03 2.3E-02 1.22 
Barium l.lE-Ol NR 3.1E-OS 4.2E-02 4.5E-03 3.0E~04 O.1S 
Cadmium 4.0E-02 NR 1.2E-04 3.SE-02 1.0E-02 9.2E-04 0.09 
Copper 8.3E-02 NR 2.4E-03 8.8E-Ol 2.SE-Ol 2.7E-Ol 1.SB 

Cyanide 8.2E-03 NR 2.7E-OS S.7E-01 1.2E-06 6.2E-07 0.58 
Silver 3.SE-02 NR l'.OE-04 2.4E-02 1.4E-Ol 3.SE-03 0.21 
HI total 1.2E+00 S.2E-03 1.8E+OO 4.lIE-01 3.0E-Ol 3.8e 

TCErTc 
Arsenic 8.3E-Ol NR 2.4E-03 2.8E-Ol 4.1E-03 2.2E-02 1.10 
Barium 1.0E-Ol NR 3.0E-04 4.1E-02 4.3E-03 3.0E-04 O.lS 
Cadmium 6.2E-02 NR 1.8E-04 S.4E-02 1.6E-02 1.4E-03 0.13 
Copper 4.6E-02 NR 1.3E-04 4.9E-02 1.4E-02 1.5E-02 0.13 
Cyanide 4.8E-03 NR 1.4E-OS 3.3E-01 7.0E-07 3.6E-07 034 
Silver 1.2E-02 NR 3.SE-OS 8.2E-03 4.8E-02 1.2E-03 0:07 
HI total 1.1E+OO 3.lE-03 7.6E-Ol 8.6E-02 3;9E-02 1.9 

Outside ot Plume 
Arsenic 1.2E-01 NR 3.4Ec04 4.0E-02 S.9E-04 3.IE-03 0.16 • Barium 1.3E-01 NR 3.8E-04 S.2E-03 S.SE-03 3.8E-04 0.19 
Cadmium 9.8E-02 NR 2.8Ec04 8.6E-02 2.SE-03 2.2E-03 0.21 
Copper 2.3E-02 NR 6.7E-OS 2.SE-02 7.1E-03 7.6E-03 0.06 
Cyanide S.3E-03 NR I.5E-05 3.7E-Ol 7.9E-07 4.0E-07 0.37 
Silver l.lE-02 NR 3.IE-05 7.3E-03 4.3E-02 I.IE-03 0.06 
HI total 3.9E-OI 1.OE-03 S.3E-Ol S.8E-02 1.4E-02 1.1 

Relerence 
Arsenic 6.7E-Ol NR 1.9E-03 2.3E-OI 3.3E-03 1.8E-02 0.92 
Barium 6.4E-02 NR l'.9E-04 2.SE-02 2.7E-03 1.8E-04 0.09 
Cadmium 7.SE-02 NR 2.l'E-04 6.SE-02 1.9E-02 1.7E-03 0.16 
COEEer 4.4E-02 NR I.3E-04 4.7E-02 1.3E-02 1.4E-02 0.12 
Cyanide 3.9E-03 NR l.lIE-05 2.7E-Ol S.7E-07 2.9E-07 0.27 
Silver L6E-02 NR 4.7E-OS 1.IE-02 6.7E-02 1.SE-OJ 0.10 
HI total 8.7E-Ol 2.5E-03 6.SE-Ol l.lE-OI 3.SE-02 1.7 

NR = NoRfD for this pathway 
a Naturally occurring metalslisted'on this"table were detected only one'time above thcbackground UliL (e.g., \/37 arsenic results 

were above background). and therefore do not pass the screen for being considered!present at background levels. However. these 
metals were tested to be present at background levels using a nonparametric analysis of variance:(Kruskal-Wailis) test. Becausc 
of the uncenainty in designating these metals as site-related. risk estimated for themis presented separately. 

~ The value reponed in the SAIC BHHRA was 2.24. 
" The value reponed in the SAIC BHHRA was 4.5. 
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'Chemical 

Arsenic 

Total 

Arsenic 

Total 

Arsenic 

Total 

Arsenic 
Total 

Tilble3.93 . .summary of risks for the Northwesst Plume aUhe PGDP (continued) 

(formerly "Table 5.9a. Hazard indexes and excess lifetime cancer risk associated with 
exposure to natural occurringmetalsD-DOE 1993b") 

Inhalation of Dermal 
volatiles exposure Ingestion Sum 

Ingestion of household while 'of Ingestion Ingestion across 
groundwater water use bathing v7Jetables .ofmilk of meat I!athwal:s 

Hi8.h TeE Tc 
2.0E-04 NC 5.7E-07 6.7E-05 9.9E-07 5.2E-06 2.7E-04 

TCEf9Tc 
1.9E-04 NC 5.4E-07 6.3E-05 9.2E-07 4.9E-06 2.6E-04 

Outside of. Plume 
2.7E-05 NC 7.7E~08 9:0E-06 1.3E"07 7.0E-07 3.7E-05 

Ref.erence 
1.5E-04 NC 4.3E-07 5.1E-05 7.5E-07 4.0E-06 2.lE-04 

NC = Not identified.as a carcinogen for this pathway 

Total 

2.7E-04 

2.6E-04 

3.7E-05 

2.1E-04 

• Naturally occurring metals listed on.this·table were tested to be present at background levels using a nonparametric analysis of 
variance (Kruskal-Wallis) test. Because of the uncertainty in designing these metals as site-related, risk estimated forthemjs 
presented, separately . 
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Table 3.94~ Summary of risks for the Northwest Plume aUhe PGDP .' (fonnerly "Table 5.9b. Hazard indexes and excess lifetime cancer risks 
associated with the site-related COCs") 

Inhalation of Dermal 
volaWes 

'Ingestion of household Ingestion of Ingestion Ingestion 
Chemical oundwater water use ormllk ormest HNotal 

cis-I.2-Dichloroethane 1.4E-04 S.SE-OS 9.7E-04 1.2E~07 6.0E-OB 0.001 
2-Butanone 3.8E-03 1'.BE-04 3.0E-01 S,2E-07 2.7E-07 0.30 
,Bis(2-ethylhexyl)phthalate 2:5E-02 NR I.OE-02 3.2E-03 1.6E-03 0.04 
Di-n-butylphthalate S.SE-04 I.SE-04 2.3E-04 S.7E-OS 2.BE-OS 0.00 
Dieldrin S.9E-02 NR 3.SE-02 1.0E-01 7,6E-03 0.21' 
Diethylphthalate 6.9E-OS 1.9E-OS 1.7E-04 6.BE'-09 2.9E-09 0.0002 
Phenol S.3E-04 NR S.7E-03 2.4E-07 1.2E-07 0.01' 
Toluene 6,SE-04 S.OE-04 2.3E-03 1.2E-06 S.9E-07 0.004 
Unmium 4.2E-02 NR 1.4E-02 I.BE-03 9.7E-OS 0.06 
X:z:lene 7.IE"OS 3.0E-OS 1.4E-02 2:2E-JO 9.3E-OS 0.01 

Pathwa:z: His J.3E-OI 9.4E-04 S.4E-03 3.9E-0I I.IE-OI 9.3E-03 

Total HI 0.6 

Hil1.h TCE"'~Tc-DOE 1993 
cis-I·.2-Dichloroethene 1.4E-03 S.9E-04 4:0E-OS I.OE-02 I.2E-02 6.JE-06 0.01 
Bis(2-ethylhexyl)phthalate 2.7E"03 NR 2.6E-04 'I.IE-03 3.SE-04 I.BE~04 0.0027 
Bromodichloromcthane l'E-02 NR 2.7E-04 I.SE-OI I.IE-OS S.BE-06 0.17 
Carbon tetrachloride 3.IE-01 NR 2:0E-02 1.0 S.SE-04 2.BE-04 1.3 
Chloroform nE-02 NR 9.5E-04 3.0E-01 2.BE-OS 1.4E-OS 0.34 
·Di-n-butylphthalate 3.7E-03 1.i'lE-03 3.5E-04 I.SE-03 3,BE-04 1.9E-04 0.007 
'Dibromochloromethane I.OE-OJ NDA NDA NDA NDA NDA 0.001 
Phenol 6.3E-04 NR I.OE-OS I.OE-02 2.BE-07 I.4E-07 0.01 
Tetrachloroethene 2.7E-03 NR 3.SE-04 1.IE-02 l.BE-06 2.0E-06 0.01 • Uranium S.7E-02 NR 1.6E-04 I.BE-02 2:5E-03 1.3E-04 O.OS 

Pathwa:z: His 4.0E-01 1.6E-03 2.2E-02 I.SE+oo 1.6E-02 S.IE-04 

Total HI 1'.9 
Outside 0l.Plume-DOE 1993 

Bis(2-ethylhexyl)phthalate 1.2E-02 NR \.IE-03 S.OE,Ol 1.6E-03 7.9E~04 0:02 
Uranium 2.SE-01 NR 7.1E-04 7.9E-02 I.OE-02 S.6E-04 0,34 

Pathwa:z: His 2.6E-01 I.SE-03 B.4E-02 1.2E-02 1.4E-03 

Total HI 0.4 

Relerence-DOE 1993 
Bis(2-ethylhexyl)phthalate 2.4E-0I NR 2.3E-02 9:BE-02 3.IE-02 1.6E-02 0.41 
Toluene 6.SE-04 S:OE-04 B.SE-OS 2.3E-03 1.2E-06 S:9E-07 0:003 
Uranium, 1.6E-02 NR 4.7E-OS S.2E-03 7.0E-04 3.7E-OS 0:02 
X:z:lene B.4E-OS 3:6E-OS J.9E-OS 1.9E-04 2.2E-07 I.IE-07 0:00 

Pathwa:z: His 2.6E-01 S.4E:04 2.3E-02 I.IE-OI 3.2E-02 1.6E-02 

Total HI' 0.4 
NR = No RID available. 
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• Table 3.94. Summary of risks for the Northwest Plume at the PGDP:(continued) 

lnbaJation Dermal 
of volatiles exposure 

Ingestion or· household while Ingestion of 'Ingestion Ingestion of Sum across 
Chemical Groundwater water use bathi!!B v~etables or milk meat I!athwa;!s Total 

Hi8.h Tci"'~Tc 
'Bis(2~chloroethyljether 8.3E-05 2.3E-05 5.0E-07 1.3E-03 3.8E-08 2.IE-08 1.4E-03 
Bis(2-ethylhexyljphthalate 3.3E-07 NC 3.IE-08 1.3E-07 4.2E-08 2. I E-08 5.6E-07 
'Bromodichloromethane 8.7E-06 NC 1.5E-07 8. I E-05 6.0E-09 HE-09 9.0E-05 
Carbon tetrachloride I.iE-05 5.5E-06 7.7E-07 3.9E-05 2.2E-08 I.IE-08 5.8E-05 
Chloroform 9.7E-07 4.8E-06 2.5E-08 8.0E-06 7.3E-1O 3.7E-10 1.4E-05 
Dibromochloromcthane 9.9E-07 NDA NDA NDA NDA NDA 9.9E-07 
Tetrachloroethane 6.0E-07 2.7E-07 8.3E-08 2.5E-06 8.4E-1O 43E-.1O 3.4E-06 
Trichloroethene 1.9E-04 1.2E-04 8.6E-06 7.7E-04 2.6E-07 1.4E-07 I.IE-03 
99.yc 2.0E-05 NC NC 3.8E-06 9.IE-06 2.3E-06 3.5E-05 
234U 5.7E-07 NC NC I.IE-07 1.3E-09 I.IE-IO 6.8E-07 
235U I.7E-08 NC NC 3.2E-09 3.7E-1l 3.IE-12 2:0E-08 
238u. 1.0E-06 NC NC 1.9E-07 I.3E-09 I.IE-IO 1.2E-06 
Pathwa:z: risk 3.2E-04 1.5E-04 I.OE-05 2.2E-03 9.4E-06 2.4E-06 
Total 3E-3 

TCE"'~TcPlume-DOE 1993b 
Bis(2-ethylhexyljphthalate 3.IE-06 NC 2.9E-07 1.2E-06 3.9E-07 2.0E-07 5.2Ec06 
Dieldrin· 2.0E-05 5.6E-06 9.3E-07 1.2E-05 3.6E-05 2,6E-06 7.7E-05 
N-nitrosodiphenylamine 1'.2E-07 NC 1.2E-08 2.3E-07 3.3E-1O I.7E-1O 3.6Ec07 
Trichloroethene 4.0E-06 2.6E-06 1.8E-07 1.6E-05 5.5E-09 2.8E-09 2.3E-05 
99.yc 1.8E-06 NC NC 3.5E-07 8.3E-07 2.IE-07 3.2E-06 
238U 6.5E-07 NC NC 1.2E-07 8.2E'1O 6.8E-11 1.1E-07 
Pathwa:z: risk 3.0E-05 8.2E-06 1.4E-06 J.OE-05 3.7E-05 3.0E-06 
Total IE-4 

Outside o[Plume-DOE 1993b 

• Bis(2-ethylhexyljphthalate 1.5E-06 NC 1.4E-07 6.0E-01 1.9E-07 9.5E-08 2.5E-06 
N'nitrosodiphenylamine 1.2E-01 NC 1.2E-08 2.3E-01 3.3E-IO I.7E-1O 3.6E-07 
134U 2.2E-06 NC NC 4. I E-01 4.8E-09 4.0E-1O 2.6E-06 
235U 1.'I'E'01 NC NC 2.2E~08 2.5E-10' 2.IE-11 1.3E-01 
138U 5.6E-06 NC NC 9.1E-01 6.4E-09 5.3E-1O 6.6E-06 
Pathwa:z: risk 9.5E-06 1.5E-07 2.2E-06 2.0E-07 9.SE-08 
Total IE-5 

Rel!rence-DOE 1993b 
Bis(2-eth:z:lhex:z:I)~hthalate 2.9E-OS NC 2.8E-06 1.2E-OS 3.7E'06 1.9E-06 4.9E-05 
N-nitrosodil!hen:z:lamine I.2E-07 NC 1.2E-08 2.3E-07 3.3E-10 1.7E-1O 3.6E-01 

""C 1.4E-07 NC NC 2:1E-08 6.5E-08 1.6E-08 2.5E-07 
mU 1.2E-07 NC NC 2.2E-08 I.SE-IO 1.2E-11 1.4E-07 
Pathwa:z: total 2.9E-05 2.8E-06 1.2E-OS 3,7E-06 1.9E-06 
Total SE-S 

NC = nol considered a carcinogen for this pathway. 
NDA = Pertinent data nol available 10 calculate risk. 
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Table 3.95. Excess lifetime cancer risk from chemicals,in groundwater-rural residential use 

Excess· Lifetime Cancer ,Risk 
Well CategoryA Ingestion Inhalation Dermalli Vegetables Biota' Totalil 

Plume Centroid I x 10-3 8 X 10-5 I X 10-6 3 X lO,3 4 X lO-4 5 X 10-3 

Dissolved Plume 2 x 10-4 2 X 10-4 6x 10-6 2 X lO-4 2 X lO-3 3 X 10-3 

Outside and West of Plume 9 x 10-6 NV' I X 10-6 2x lO-5 7 X 10-6 4 X lO-5 

Near Shawnee Stearn Plant 6 x 10-4 1 X 10-5 2 X 10-6 5 X 10-4 2 X lO-4 I X lO-3 

Near Ohio River 5 x 10-6 I X 10-7 3 X 10-7 2 X 10-6 5 X lO-6 I X 10-5 

• Wells were grouped according to the concentration of trichloroethene found in groundwater samples and according to prominent off-site 
features. See Table 5. H in.DOE I 994b,for a list of wells by group. 

b Risks preseJitediare the sum of risks.fromdermal'contact while bathing and dermalicontact while swimming_ 
C Risks presented are the sum of risks from consumption of milk and meat from cows drinking contaminated groundwater andieating pasture 

irrigated contaminated groundwater. ingestion of venison fronideer. drinking contaminated groundwater and eating pasture irrigated with 
contaminated groundwater. and consumption of fish raised in ponds filled with contaminated groundwater. 

d Total risks also·include risks from ingestion oesoil contaminated through irrigation with contaminated groundwater_ The soil ingestion risks 
are not presented separately_ 

• NV indicates no value was reponed for the exposure route in the·assessment. 

Table 3.96. Hazard indices from chemicals in groundwater-rural residential use (child) 

Hazard'Index 
Well CategoryA Ingestion Inhalation Dermalb Vegetables Biota< Totalil 

Plume Centroid 3_0 NV· 0.2 0.8 2_0 6.0 
Dissolved Plume 6.0 <0_1 0.7 0.4 9_0 20.0 
Outside and West of Plume 0.2 NV <0.1 <0_1 <0.1 0.3 
Near Shawnee Stearn Plant 20:0 <0_1 2.0 0_7 8;0 30_0 
Near Ohio River <0.1 <0_1 <0.1 <0_1 <0_1 0.1 

• Wells were grouped according to the concentration oftrichloroethene found in groundwater samples and according to prominent off-site 
features. See Table 5_11 in DOE I 994b for a list of wells by group. 

b Hazard indices presentedlare the sum of risks from,dermal contact while bathing andidermal contact while swimming. 
C Hazard indices presented are·the sum of risks from consumption· of milk and: meat from,cows drinking contaminated groundwater. and eating 

pasture irrigated contaminated groundwater. ingestion. of venison from deer drinking contaminated groundwater and eating pasture irrigated 
with contaminated groundwater_ and consumption of fish raised in ponds filled with contaminated groundwater. 

d Total!hazard indices are rounded to one significant digit. This vaiue also includes risks·from ingestion.of soil contaminated through irrigation 
with contaminated groundwater. The soil ingestion risks are not presented separately. 

, NV indicates no,value waSrreponed for the exposure route in the assessment. 

Table 3.97. Contaminants8 contributing to excess lifetime cancer risk by well category 

Excess Lifetime Cancer Risk 
Well'Categoryb Contaminants 

Plume Centroid vinyJ.chloride (8rJ%); bis(2-chloroethyl)ether(9%); .trichloroethene (5%); 
technetium-99 (2%) 

Dissolved Phase dieldrin (72%); trichloroethene (17%); vinyl chloride (5%); 1.1.2-trichloroethane 
(I %); 1.2-dichloroethane'(1 %);.carbontetrachloride (\ %) 

Outside and West of Plume uranium-238 (66%); bis(2-ethylhexyl)phthalate (24%); uranium-234 (3% ) 
Near Shawnee Steam Plant arsenic i(50%); vinyl chloride (48%); technetium-99 (2%) 
Near Ohio River 1.1.2-trichloroethane(l 00%) 

• Contaminants contributing more than I %:of total risk are shown. 

Total Risk 
5 X 10-3 

3 X 10-3 

4 X 10-5 

I X 10-3 

I' X 10-5 

b Wells were grouped according to the concentration of trichloroethene found, in groundwater samples and according to prominent off-site 
features. See Table 5.111 in DOE I 994b,for a list of wells ,by group. 
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Table 3.98. Contaminants8 contributing to hazard index (child) by weD category 

WellCategoryb 
Plume Centroid 
Dissolved 'Phase 
Outside and West of Plume 
Near Shawnee Steam 'Plant 
Near 0hio ,River 

Hazard Index 
Contaminants 

carbon tetrachloride (61%); manganese (3'l%); copper (6%) 
manganese (47%); dieldrin (42%); carbon tetrachloride (6%); 1,I,2"trichloroethane (2%) 
nitrate as nitrogen (71%); bis(2-ethylhexyl)phthalate (29%) 
manganese (82%); arsenic (14% ); nickel (2%); ibarium (:1%) 
l,l,2-trichloroethane ( 100% ) 

• Contaminants contributing more than I % of total risk are shown. 

Total Risk< 
6.0 
20.0 
0.3 
30.0 
O.'l' 

WelIs were grouped according to the concentration ·of trichloroethene found in groundwater samples and according ·to prominent off-site 
features. See Table5.)i) in DOEI994b for a list of welIs by group. 

e Values.are rounded to one significant· digit. 

natural attenuation mechanisms operating at the site and the rate at which they are operating_ The sampling 
locations include five wells in the Northeast Plume (MWs 100, 108, 124, 193, and 255), six wells in the 
Northwest Plume (MWs 66, 146,187,262, 233, and 248), two wells that are near source areas for both 
,plumes (VCRS MW1'57 andlRGA MWI55), and two RGAbackground wells(MWs 103 and 194). The 
locations of the sample collection ,points for the Natural Attenuation Evaluation are shown on Fig. 3.91. 

The types of chemical and geochemical data collected included: 

• Stable isotope ratios (of carbon and chlorine isotopes of TCE, of dissolved inorganic carbon, of 
inorganic chlorine, and of oxygen in water); 

o Various physical and geochemical parameters (as listed inTable 3.99); and 

Chemical data primarily focused on defining ,the levels of TCE and TeE daughter products (cis-l ,2-DCE, 
vinyl chloride, ethylene, ethane, and chloroethene) and 99Tc present in the two plumes. 

The purpose of the sampling was to assess if natural attenuation processes are Ileading to decreasing parent 
compound concentrations, increasing daughter compound concentrations, decreasing electron acceptors, and/or 
increasing metabolic byproduct concentrations. Sampling locations and methods were selected following 
guidance originally developed by the Air Force and also included in EPA Region lV's Technical Guidance 
Document (AFCEE 1996; EPA 1997). 'Fhedata were screened following ,the ranking system presented in 
EPA Region IV's guidance to assess the potential for biodegradation of TCE at the site (EPA 1997). 

Conclusions 

The results of this study are detailed in the Evaluation of Natural Attenuation Processes for 
Trichloroethylene and Tecll1letium-99 in the Northeast and Northwest Plumes at the Paducah Gaseous 
Diffusion Plant, Paducah, Kentucky (Clausen 1997). As noted in that report, the investigation indicated 
that several natural, attenuation processes are acting on the plumes, although at low rates. There was no 
clear evidence that Ibiodegradation processes are occurring to any appreciable degree within the study areas. 

The study indicated that the RGA is characterized by very low concentrations of native and/or 
anthropogenic carbon and so likely does not have a sufficient electron donor supply to drive biodegradation. 
The stable isotopic data are consistent with the conclusion that only minor and slow biodegradation of 
TCE is occurring. The dissolved oxygen concentrations in the RGA typically were greater than 1.0 mgIL; 
under these aerobic conditions reductive dechlorination would not occur. The study concluded that 
anaerobic ,biodegradation is ,not occurring in the RGA within the study areas, but that there are some 
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• Table 3.99. Physical and geochemical data coUected during the natural attenuation investigation 

Parameter Media Reporting Limits 
Hydrogen' Gas 0.22 ppm 
Methane Gas 0.1 ppm 
Argon Gas 0.018 
Dissolved, Oxygen Gas 0.1 ,ppm 
Methane Gas 0,001 ppm 
Nitrogen Gas O;OBppm 
Nitrate Nitrogen Water l'mgIL 
Ammonia Water 0.10 mgIL 
Sulfate Water 10 mgIL 
Hydrogen Sulfate Water 0.01 mgIL 
Total'hon Water 'OA mgIL 
Ferrous Iron Water 0.1 mgIL 
DOC Water I mgIL 
Alkalinity Water 1.0mgIL 
Chloride Water 0.1 mgIL 
Sulfate Water 0.1 mgIL 
1"CE* Water 0.001 mgIL 
cis,l-2-DCE* Water 0.001 mgIL 
I,I-DCE* Water 0.005 mgIL 
Vinyl Chloride* Water .0.00JmgIL 
Chloroethene* Water 0.005 mgIL 
Ethene Water 0.03 mgIL 
Ethane Water 0.03 mgIL 

• BTEX* Water 0;OO5mgIL 
~c Water 25 pCiIL 
PH Water NA 
Temperature Water 1°F 
D.O. Water 0.1 mgIL 
Eh Water NA 
*Thereponing limit for these compounds varies depending upon the concentration of TeE and the laboratory doing the analysis. 
The cis-1,2-DCE and vinyl chloride were analyzedbyitwo methods to obtain a low quantification limit. 

• 
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indications (such as increasing chloride concentrations with declining TCE levels) that aerobic degradation e. 
of TCE may be occurring, although at a slow rate. Based on the report 's calculated biodegradation rate of 
TCE in the Northwest ,plume (between 2.6 x 10-2 to 7.4 x 1'O-2/year) TCE concentrations in the RGA 
downgradient of the extraction system will remain above the MCL for at least 100 years (Clausen 1997). 
The report concluded that the biodegradation rate is insuffIcient to support natural attenuation as a 
remedial option for the Northwest and! Northeast Plumes. 

TheTCE-breakdown products vinyl: chloride, ethylene. ethane, and chloroethene were not detected in the 
samples collected for this study. However, because significant concentrations of some TCE-degradation 
products (vinyl chlofide and DCE) have been found during previous investigations in some limited' areas 
at the PGDP, the study recognized that anaerobic conditions could' exist in some "micro-environments" 
(Clausen J997). Locally reducing conditions coupled with local carbon sources could have iled to the 
anaerobic degradation of TCE in these micro-environments. 

The predominant natural attenuation processes for radionuclides are dilution, sorption reactions 
(such as precipitation, adsorption on mineral surfaces. or partitioning into organic matter), andradiomiclide 
decay. The slightly to moderately oxidizing conditions in the RGA and the EhlpH conditions indicate that 
the likely form of ~c is the pertechnetate anion (TC04-), which is not immobilized by sOfPtion to any 
significant degree. It was concluded that, although sorption of ~c was not occurring at the PGDP, advection, 
dispefsion, and dilution are reducing 99Tc levels with increasing distance from the source (Clausen 1997). 

3.3.7 Data Gaps 

3.3.7.1 Scope 

The Data Report for the Sitewide Remedial Evaluationfor Source Areas Contributing to Off-Site 
Groundwater Contamination at the Paducah Gaseolls Diffusion Plallt. Paducah, Kelltucky (DOE 2000) 
documents the field investigation infoftnally known as the Data Gaps Project. Conducted from April to 
October 1999, the purpose of the project was to collect additional data along the plant secured perimeter 
to identify the width of the current groundwater plumes, identify any new plumes, and gather additional 
environmental and geotechnical data to support risk assessments and sitewideremedial evaluations. 
During the course of the investigation, the scope was expanded to address questions resulting from other 
,remedial investigations such as WAG 6 and WAG 27. 

A total of 33 temporary borings were drilled and sampled during the project. Six monitoring wells, 
three RGA wells (MWs 352, 353, 354) and three deep Rubble Zone wells (MWs 345, 346, 347). were 
also installed as part of the Data Gaps project. Well depths ,ranged from 21 to 103 m (70 to 338 ft). Four 
temporary piezometers were installed as two clusters with each cluster consisting of one deep ( 17 m, 55 ft) 
piezometer and one shallow (11 m, 35 ft) piezometer. 

3.3~7.2 Areas of Investigation 

Initially the investigation consisted of thirteen borings and four piezometers to be installed 
immediately outside the west security fence of the plant securedl area and al'ong the north security fence 
between ,the Northwest and' Northeast Plumes. By the end of the project the 43 borings and wells feU into 
three major and three minor study areas. The major study areas were as. follows: 

It the Southwest Plume area (fourteen borings and one monitoring well), 
" theC-616 Lagoon area (six borings and four piezometers) and!, 
" the North-'South Diversion Ditch (seven borings and, one monitoring well). 
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vhe 'three minor study areas include the following: 

• the southeast corner of the C-720 building (three borings). 
• the Northeast Plume (two borings and one monitoring well~. and 
• the deep Rubble Zone (three monitoring wells). 

Figure 3.92 shows the sampling locations for the Data Gaps Investigation. 

3~3.7.3Inyestigation Methods 

Direct push technology. hollow stem auger. dual-wall reverse circulation. and Barber rig drilling 
methods were used for this investigation. Multiple drilling methods were employed at several sampling 
locations where both ,soil and groundwater samples were collected. 

Since the primary focus of the investigation was the collection of groundwater ,samples from the 
RGA and upper McNairy Formation; dual-wall reverse circulation drilling was the primary drilling 
method. Groundwater sampling using bladder pumps was attempted in the VCRS. at 1.5-m (five-foot) 
intervals through the RGA. and in the upper McNairy sands. The 21 borings drilled using this method 
were generally drilled to depths between 43 and 49 m (140 and 1'60 ft). A total of 203 groundwater 
samples were collected from these borings. Sampling activities also included collecting drill cuttings for 
lithologic logs and' running borehole .geophysicallogs. 

Hollow stem augers were the drilling method of choice for the collection of geotechnical soil 
samples and ,the installation of piezometers and RGA groundwater monitoring wells. The twelve hollow 
stem auger ,borings resulted ·in 30 soil samples. four piezometersartd ,three RGA wells . 

Direct-push methods were used to collect shallow soil and groundwater samples from depths above 
'18m (60 ft) where use of a larger rig was not warranted. primarily along the North-South Biversion 
Ditch. Ifhe seven DPT borings yielded 44 soil samples and four groundwater samples. 

Finally, three deep Rubble Zone monitoring wells were installed using a Barber .rig. The monitoring 
wells were drilled ~to depths ranging from 94 to 103 m(310 to 338 ft)~ 

3.3.7.4 Conclusions 

The Data Gaps investigation provided key data regarding the geologiC framework of the PGDP area. 
details on the nature and extent of the Southwest Plume. and identified· additional potential source areas of 
groundwater contamination. 17he repolt for this investigation. however. does not present any interpretation 
of the results. 

3.3.7.5 Geology/Hydrogeology 

The lithologic and geophysical logs of the Data Gaps investigation provided additional evidence that 
the contact between the lower continental deposits and the upper McNairy Formation is an irregular 
surface. The logs indicate possible channels separated by ridges. that may help define the shapes of the 
groundwater plumes. One such channel and ridge sequence appears to help define the Southwest Plume 
as a distinct plume from ,the Northwest Plume. Another ridge. resulting ina thinning of the RGA. appears 
to exist to the north between the ,plant secured area and ,the plant's sanitary landfills. This ridge may 
contribute to the separation between the Northwest and Northeast Blumes. 
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The Data Gaps investigatio.n ,provided so.me detail o.n the structure o.f the So.uthwest Plume. The 
mo.st impo.rtant impact is a change in the o.rientatio.n o.fthe co.re o.f the plume. After the WAG 27 
investigatio.n, the general trendo.f the plume and groundwater flo.w directiQn was interpreted to. be 
nQrthwest. With the additiQnal infQrmatiQn from the Data Gaps investigatiQn, the primary CQre o.f the 
So.uthwest plume appears to' be o.riented almQst due west in the vicinityQf the plant secured area. 

3.3.7.6 Nature and i Extent of Contamination 

As mentio.nedearlier, therepQrt o.n the Data Gaps investigatio.n do.es nQt pro.vide an interpretation o.f 
the data cQllected. HQwever, a brief review Qf the data ,provides so.me new insights to. the nature and 
extent ·of co.ntaminatio.n. 

The nature o.f the So.uthwest Plume is better defined. The main CQre Qf the plume appears to. derive 
from a so.urce no.rth and east Qf the SQurces propo.sed as a result Qf the WAG 27 investigatio.n. After the 
WAG 27 investigatio.n, the SWMU 1 area and the C-720 building appeared tQ:be the primary so.urces fo.r 
the plume. With the additiQnal infQrmatiQn frQm this investigatio.n; the primary so.urce o.fbo.th' TCE and 99Tc 
no.wappears to. be in :the vicinity o.fSWMU 4,o.ne Qf the hurial gro.unds, with the SWMU 1 area and' the 
eno 'building becQming mino.r sources. The SQuthwest Plume is clearly separate from the NQrthwest 
Plume. It does no.t appear, ho.wever, that the So.uthwest Plume has migrated beyo.nd the Qn-'sitelinsecured area. 

Near the so.utheast cQrnerQf the C-616 lago.o.ns, a previQusly unknQwn area o.f,increased TCE and ~c 
Co.ntaminatio.n exists between the No.rthwest and, No.rtheast Plumes. TCEcQncentratiQns o.f 1600 i!lgIL 
and 99Tc activities o.f 1550 pCiIL were detected in the upper RGA, suggesting.a nearby SQurce area, perhaps 
to. the SQuth. AdditiQnal sampling in the area suggests the directio.n o.f migratiQn is po.ssibly no.rtheast as a 
result o.f recharge from the lagQo.ns and the thinning o.f the RGA to. the nQrth as no.tedearlier. 

Shallo.w groundwater data from the DPT bo.rings alQngthe No.rth-SQuthDiversio.n Ditch suggest that 
the ditch is acting as a IQw-Ievelline so.urce Qf9'7C. Activities detected! alQng the ditch ranged from t870 
pCilL at the so.uth end near the C-400 building to. 710 pCiIL near the nQrth security fence. 

No. data from the three Rubble Zo.ne wells are presented in the repQrt, :but subsequent sampling 
results sho.w no. cQntaminatio.n in these deep wells. 
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4. NATURE AND EXTENT:OF CONTAMINATION 

4.1 INTRODUCTION 

Chapter 3 ·summarizes the previous groundwater-related investigations ofthe PGDP. These investigations 
have both local and: regional perspective; thus, the scope andi resolution of the investigations vary 
considerably. 

A primary task of the GWOU FS is to aggregate all of the .availabledata from previous investigations 
and the ongoing environmental sUl'Veillance program into a central database. This database then forms 
the foundation for the next task, a renewed definition of nature and extent of contamination related to ,the 
PGOP, on the scale of the area groundwater basins. 

Section 4.2 is the documentation of the development of the GWOU database and the inherent 
limitations of the database. The interpretation of the data, with regards to sources of contamination and, 
nature and extent of contamination, are presented in Sect. 4'.3. 

4.2 GROUNDWATER OPERABLE UNIT DATABASE 

The GWOU database is a filtered residual of the DOE's electronic ,files for the PGOP known as 
Paducah's Oak Ridge Environmental Infommtion System (OREIS). In total. the GWOU Database consists 
of 234,391 records, representing 683 wells, piezometers, and soil borings (428 of them sample ,the RGA) . 
The data include analyses of groundwater samples spanning ,the time frame 1993 through September 2000. 

The primary filters applied to the OREIS to derive the GWOU database were the adequacy of the 
sampling and analyses methods. For data to pass into the GWOU database. the related water sample must first 
have been collected from wells with known quality of construction or soil boreholes created with approved 
drilling methods and sampled and preserved in accordance with documented collection procedures. The 
second. data filter addresses the analysis process. All samples represented in the GWOU database must be 
analyzed by approved methods within acceptable holding times. 

4.2.1 Data Validation, Data Qualifiers, Data Assessment 

Data validation is the process of evaluating and documenting laboratory adherence to analytical method l 

requirements. As part of the analysis and data review processes. findings are qualified. as necessary. to 

reflect laboratory and data validation results. The GWOU database has been rigorously checked to 
identify and exclude data with inconsistent data qualifiers. Table 4.1 defines the common laboratory data 
qualifiers found in the GWOU database. 

iIn addition to laboratory and validation qualifiers. personnel associated with the field investigation 
have further qualified some of the recent data ,included within the GWOU database. These data qualifiers 
are based' predominately upon observations of the sample collection and preservation process. 

4.2.2 Data Sets 

Specific queries of the database are required to select only suitable data because some types of 
groundwater samples :have limited' uses. As an example. typical unfiltered· grab samples 'of groundwater 
from soil borings are inappropriate ,to be used in an assessment of nature and extent of contamination by 
metals because entrained soil ,particles significantly bias the metals concentrations high. 
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Table 4.1. Common qualifiers used in the GWO(:J database 

Code Organic Inorganic RadionucHde Dioxin/furan 
A Analyte not detected 
B Found in blank associated Value < Required lDetection 

with sample Limit. Value ~ Instrument 
Detection Limit 

C Pesticide confirmed by Constituent in blank> 
GCIMS Required DetectionLimit 

D Identified at secondary Identified at secondary Identified at secondary Identified at secondary 
dilution dilution dilution dilution 

E Concentration> Estimated. matrix 
calibration range interference 

H Analysis performed Analysis performed outside Analysis performed Analysis performed 
outside of method or of method or specified outside of method or outside of method or 
specified maximum maximum holding time specified maximum specified maximum 
holding time holding time holding time 

J Estimated value. (i.e. 
Tentatively Identified 
Compound or result < 
specified Project 
Quantitation Limit but >0 

N lIentatively Identified Spike recovery not within poor spike recovery 
Compounds identified control, limits 

Q No result available or 
not required because 
total analyses < Project 
Quantitation Limit 

R Rejected by QC. Data not Rejected by QC. Data not Rejected by QC. Data Rejected by QC. Data 
useable useable not useable not useable 

U Analyzed but not detected Analyzed but not detected at 
at the analyte quantitation the analyte quantitation limit 
limit 

X Flag defined in comments Flag defined in comments Flag defined in Flag defined in 
comments comments 

Database Notation: Result Database Notation: Result Database Notation: 
Qualitlel'contains "<" or Qualifier contains "<" or Result Qualifier 
''">,. '>" contains "<" or ">" 

< Analyzed but not detected Analyzed but not detected at Analyzed but not 
at the analyte.quantitation the analytequantitation limit detected attheanalyte 
limit quanti tat ion limit 

> Beyond instrument scale Beyond instrument scale Beyond instrument 
scale 

The GWOU database consists ·of distinct data sets for filtered and unfiltered well samples and 
unfiltered borehole samples. Monitoring wells of both the PGDP and the TV A's Shawnee Steam Plant as 
well as residential wells that are sampled, by the PGDP as part of its environmental monitoring program 
are represented in the wells data set. This data set also includes single samples collected fromPGDP 
piezometers of monitoring well construction quality, when available. The boreholes data set presents 
analyses of groundwater samples collected from soil borings constructed by drilling and direct push 
methods as well as from direct-push probes. such as those inserted by cone penetrometers. 
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4.3 DATA INTERPRET A TION 

The two groundwater contaminants previously known to be associated with the PGDP are TCE and 
~c. Either separately or collectively, these contaminants are responsible for three large plumes that 
extend off-site to the north of the plant and a fourth plume contained within the unsecured on-site area. 
Consequently, these two contaminants have been the primary focus of earlier large-scale groundwater; 
investigations at thePGDP. 

Site-specific investigations have frequently identified ,isolated occurrences of groundwater contaminants 
other than TCE and 99Tc. From the perspective of the site-specific investigation, it has been difficult to 
assess whether the incident of an elevated metal orradionuclide level represents a random outlier from its 
natural distribution or ,the occurrence is ,part of a pattemof contamination that defines a groundwater plume. 

As a preliminary means of identifying all significant groundwater contaminants associated with the 
PGDP, the GWOU FS ,team compiled' a list of all' priority contaminants defined by risk assessments 
(specifically for the off-site rural resident) of previous PGDPinvestigations. Both groundwater analyses 
and fate and transport models of dissolved contaminant levels derived' from soil contamination define the 
groundwater contaminant levels used in these risk assessments; 

In addition, the GWOU FS team performed a well-by;.well risk assessment of groundwater for the 
DOE reservation and adjacent tracts, as well as downgradientareas. Where the groundwater from a well 
posed a potential excessive risk for a rural resident scenario [i.e., greater than 1 x 10.6 elevated lifetime 
cancer risk (ELCR} or hazard index (HI) > lh the GWOU FS team cataloged the primary constituents 
responsible for the excess risk to be added to the list of priority contaminants. For wells identified by a 
HI > 1, the primary contaminants were those contributing >0.1 HI. Table 4.2 presents the list of priority 
contaminants from previous PGDP investigations and the PGDP-related contaminants identified by the 
well-by-well risk assessment. This list was developed to assist engineers with their evaluation of 
potential remedial! technologies for groundwater at the PGDP and should not be considered' COPCs or 
coes. A list ofCOCsis identified in the BRA for the GWOU FS. 

For the purposes of the discussion of nature and extent of PGDP contaminants, the list of contaminants 
in Table 4.2 was pared down based on professional judgment (reference the footnotes to Table 4.2). The 
following list defines the contaminants to be assessed r for nature and extent: 

VOCs Other Organic Compounds 

- carbon ,tetrachlofide - acrylonitrile 

• chloroform - Aroc1or-1254 .. l,l-DCE - benzene 

• 1,2-DCE - bromodichloromethane 

- cis-l,2-DCE -naphthalene 

- trans-l,2-DCE 

• TCE 

- vinyl chl'oride 
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Table 4.2. Summary of preliminary selection of PGDP-related contaminants • SWMUsiSources Contaminants Risk Contaminants Hazard 
Northwest Plume 

Plume Centroid bis(2-chloroethyl)ether carbon tetrachloride 
trichloroethene 5 x 10-3 copper 6 
vinyl, chloride manganese 
99Tc 

Dissolved Phase 1,I,2-trichloroethane 
1,2-dichloroethane 1',1.2-trichloroethane" 
carbon tetrachloride 3 x 10-3 carbon tetrachloride 20 
dieldrin dieldrinh 

trichloroethene manganese 
vinyl chloride 

Outside and West of bis<2-ethylhexyl)phthalate bis(2-ethylhexyl)phthalateC 

Plume 234U 4 x 10,5 nitrate as nitrogenC 0.3 
238U 

Near Shawnee Steam vinyl chloride arsenicd 

Plant arsenic I x 10:3 bariumd 30 
~c manganese 

nickeld 

Near Ohio River 1.1.2-trichloroethane I x 10-5 none NA 
WAG3e 

SWMU4 arsenic 5 x 10-3 arsenic 4'1 
I.I-dichloroethene 3x 10-2 cobalt 3 
carbon tetrachloride 4 x 10-6 copper 12 
trichloroethene 2 x 10-2 iron 258 
vinyl chloride 2 X 10-2 manganese 77 
237Np 4 x 10-4 nickel 0:5 • 239pU 9 X 10-5 vanadium 0_6 
99:rc 2 x 10-4 I.I-dichloroethene 14 
total uraniumf Ix 10-3 1.2-dichloroethene 0_1 
uranium-234 5 x 10-4 carbon tetrachloride 0.5 
uranium-235 6 x 10-6 trichloroethene 1883 
uranium"238 I, x 10-4 

SWMU5 iron 103 
manganese 23 

SWMU6 iron 13 
manganese 0_6, 

WAG 6' 
Far North Sector 2.4-dinitrotolueneg I x 10-3 2.4-dinitrotoluene 4 

copper" 0_3 
Northeast Sector n-nitroso-di-n-propylamineh 3 x 10-3 none NA 
Northwest Sector trichloroethene 2 x 10-6 antimony 
RGA none NA ironi 18 

manganese" 0_8 
Southeast Sector I. I-dichloroethene 3 x 10-4 

carbon tetrachloride 2 x 10-6 carbon tetrachloridec 0_2 
trichloroethene 2 x 10-3 trichloroethene 64 
vinyl chloride 6x 10-6 

Southwest Sector trichloroethene I x 10,4 trichloroethene 3 
vinyl' chloride 4 x 10-5 

West.5ector trichloroethenc 5 x 10;6 1.2-dichloroethene" 0_6 
tralls-I.2-dichloroethenec 0.3 

WAG 17" 
SWM1!J'1 UCRS trichloroethene 5 x 10-4 trichloroethene 60 

vinyl chloride 5x W- 3 antimony 12 • man/l:anese" 0_3 
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Table 4.2. Summary of preliminary selection of PGDP-related contaminants (continued) 

• SWMUsiSources Contaminants Risk Contaminants Hazard 
SWMU,I RGA none NA antimony 3 
SWM0' 91 VCRS trichloroethenei 1 x 10-5 antimony S 
C-720 trichloroethene 9 x 10-4 trans" 1.2-dichloroethene ,lSI 
Subsurface Soil vinyl chloride 2 x 10-4 . trichloroethene 106 

antimony 46 
silverc O.S 
vanadium" 0.3 

C-720 RGA ,trichloroethene 5 x 10-4 trichloroethene 64 
WAG 28" 

SWMU99a lithium 156 
strontium 0.4 

SWMU 193a chromium 90 
SWMU 193c lithium 127 

manganese S 
strontium O:S 

SWMU 194 chromium 1720 
lithium 223 
strontium \' 

AOC 204 trichloroethene 1 X '10-2 trichloroethene 1190 
Well-by- Well Analysisi 

I.I-dichloroethane 0:3 
I.I-dichloroethene 4 X 10-2 I.I-dichloroethene 20 

1.2-dichloroethene IS 
4-methyl-2-pentanone 0:3 

acrylonitrile 3 x 10-4 acrylonitrile S 
Aroclor-1254 I x 10-5 Aroclor-'1,254 5 
benzene 7 x W-6 benzene 0.6 

• bis(2-ethylhexyl)phthalate 2 x 10-6 

bromomethane 0.3 
bromodichloromethane I' x 10-5 bromodichloromethane 0.2 
carbon tetrachloride 4 x 10-6 carbon tetractiloride 0.5 
chloroform II x 10-5 chloroform 
chloromethane II x 10-5 

cis-I.2-dichloroethene lOS 
di bromoctiloromethane 3 x 10-6 

methylene chloride 3 x 10-6 methylenechlOfide 0.2 
,naphthalene 35 

tetrachloroethene 4 x 10-6 

tralls-I,2-dichloroethene 30 
trichloroethene 2x 10-2 trichloroethene 25,500 

aluminum 3 
antimony 42 

arsenic I x 10-3 arsenic 19 
'barium 0.6 

beryllium 3 x 10-3 beryllium I 
boron 0_6 
cadmium 6 
cobalt 0.5 
chromium 2S6 
fluoride 10 
iron SS 
manganese 34 
molybdenum 4 
nickel 3 
nitrate ,I, 

silver 2 • uranium 13 
vanadium 9 
zinc 0.2 
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Table 4.2. Summary ofipreliminary seildion ofPGDP-relatedl contaminants (continued) 

SWMUslSources . Contaminants Risk 
1 x 10-6 

2 x 10-6 

I X 10-5 

I X 10-3 

9x 10-5 

5 X 10-6 

2.X 10-6 

2x 10:5 

2 X 10,6 
lx 10-5 

Contaminants 

a Onlydetected"inI3 of 55· samples. Maximum concentration was 9 ~glL. 
b Only detected in 20f 1'4 samples. Oetectedin one well only and not aSsociated with plant activities. 
C Hazard index of less than :1. 
d Only found in the wells near TV A. 
< Modeled contaminants. 
f Assessed as 238U . 
@ Large,uncertainty associated with the.source term. Not identified elsewhere. 
h Awaiting further disposition from the baseline risk assessment. Not:considered'a likely 'PGDP contaminant. 
I The trichloroethene contamination at,SWMU 91is currently'being remediated under the LASAONA project. 
) ·Essential human nutrient found at elevated .concentrations in the clayey soil beneath the POJ)P. 
k Maximum risk over all wells outsidNhe POOP security fence. 
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Metals Radionuclides 

0 aluminum • 241 Am 

• antimony • 237Np 

0 arsenic • 222Rn 

• barium • ~c 
It beryllium • 228Th 
It boron • 234U 

• cadmium • 238U 

It chromium 
It copper 
It fluoride 

• iron 

• manganese 
It nickel 

• silver 

• uranium 

• vanadium 

4.3.1 Main Groundwater Contaminant Plumes 

Groundwater contamination is known to extend outside the PGDP security fence within four main 
plumes: the Northeast Plume, the Technetium-99 Plume, the Northwest Plume, and the Southwest Plume . 
The main contaminants previously known to be associated with each plume are as follows: 

Plume 
Northeast Plume (Inside security fence) 
Northeast Plume (Outside security fence) 
1'echnetium-99 Plume 
Northwest Plume 
Southwest Plume 

99fc and TeE 
TeE 
99Tc 
9<>-rC and TeE 
99Tc and TeE 

Principal contaminants 

Although 99Tcis not Ilisted as a primary contaminant of the off-site NORheastPlume, monitoring 
wells adjacent to the PGDP in the NORheast Plume have produced water with detectable levels of 99Tc 
beginning in September 1998. These occurrences appear to. be associated with a more recent 99'JC release 
that is unrelated to the main source of the Northeast Plume. 

4.3.1.1 Nature of the primary groundwater contaminants historically attributed to the PGDP 

TCE was the primary organic solvent used in degreasing operations at the 'PGDP from the 1950s 
through the 1980s. The on-site use of TCE was discontinued in July 11993. Thus, industrial processes can 
be discounted as continuing sources of groundwater contamination. The remaining sources of TCE to 
groundwater are mostly secondary accumulations in the subsurface and leaking burial grounds. 

T€Eis a common DNAPL associated with industrial settings. At the PGDP, the TCE has ,penetrated 
into the fine-grained matrix of,the unconsolidated sediments that comprise the UCRS. In some places, the 
dynamics of the TeE spilIs were sufficient to promote TeE DNAPL migration into the underlying sands 
and gravels of the RGA. The extreme permeability contrast Of the RGA with the fine sand and silt units of the 
underlying McNairy Formation has been sufficient to retard' further downward migration of the DNAPL. 
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Secondary sources of TCE can be found as. residual ganglia and pools in both the VCRS and RGA. • 
Because of the low solubility of TCE and much lower drinking water standard. these secondary sources . 
of TCE pose a continuing threat to off-site groundwater users for centuries ·if left untreated. Attachment 4 
presents a calculation of TCE DNAPL volumes for the PGDP source areas. 

Technetium-99 is a fission product impurity of reprocessed uranium derived from spent reactor fuel. 
The enrichment ofrecycled uranium at the PGDP occurred during three periods: 1952-1964. 1969-1974. 
and 1976-1977. Virtually aU of the recycled uranium came from plutonium production reactors at 
Hanford and Savannah River. 

Technetium-99 will occur in its most oxidized state, the pertechnate anion (Tc04) in aerobic settings 
such as the UCRS and RGA flow systems. at the PGDP. The pertechnate anion is highly soluble and has a 
low affinity to sorb or complex with the unconsolidated sediments that comprise the UCRS and RGA. As 
a dissolved contaminant. ~c will move with the primary groundwater flow path through the RGA. The 
McNairy groundwater flow system tends to be a reducing environment. Under reducing conditions. 99o:rc can 
be converted to the Tc+4 cation that would tend to have low mobility in clay and silty clay soils (CH2M 
Hll..L 1989). such as those found in the upper and middle members of the McNairy Formation at the PGDP. 

The widespread occurrence ·of 9~C at the PGDP facility is a largely a result of historical releases 
through the air and water pathways. Decontamination processes at the C-400 Cleaning Building continue 
to. produce ~c-contaminated water that is treated, as needed, prior to discharge to Bayou Creek through 
a permitted outfall. The primary source areas to groundwater contamination aare suspected to be 
sediments of the NSDD, various burial grounds, and undocumented spills of the former Technetium 
Storage Tank at C-400. Technetium-99 has a long half-life, estimated to be between 212,000 and 250,000 
years. Thus, ~c will be a persistent groundwater contaminant untH the source zones are depleted or • 
remedial actions are undertaken. 

4.3.1.2 Extent of main plumes 

The PGDP overlies a south embayment of the ancestral (Pleistocene) Tennessee River. A subcrop of 
the Porters Creek Clay forms the south wall of the buried river valley. The thick sand-and-gravel deposit 
of the ancestral Tennessee (which forms the main unit of the RGA) fills the ancestral Tennessee River 
Valley north from the PGDP to the present coarse of the Ohio River, which is the regional groundwater 
discharge area. Thus, the overall groundwater (and dissolved contaminant) flow direction is northeast 
towards the Ohio River. However, significant east-west heterogeneities in the sand'-and-gravel deposit 
and I'eakage from plant water utilities combine to cause groundwater flow (and contaminant plume 
migration) to spread i outward locally from the east and west sides of the PGDP. Thus, in the PGDP 
vicinity, the Northeast Plume tracks east of the plant and the Southwest Plume tracks west of the plant 
against the subcrop of the Porters Creek Clay. 

Figures 4.1 and 4.2 are maps of the plumes, as they were understood in 1999, showing the maximum 
contaminant levels observed in the RGA. The contaminant detection limits, 25 pCilL for ~c and 5 flg/L 
for TCE, define the extent of the plumes. Groundwater contaminant levels vary considerably with depth 
inside the plumes. In general, the highest dissolved contaminant levels occur near the top of the RGA in 
the proximity of shallow source zones H.e., in the UCRS), However,near source zones where contaminants 
have migrated as a separate phase liquid (e.g., DNAPL) to the base of the RGA, the resulting dissolved 
contaminant levels may be elevated across the deptll of the aquifer. 10 either case, the core of the downgradient 
dissolved~phase ,plume tends to move to the middle or base of the RGA due to area recharge. 
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The leading edge of the Northeast Plume has migratedl 2;000 m (6,500 ft) north of the PGDP; 
beyond the DOE ,property boundary. There are no natural discharge features to intercept the Northeast 
Plume prior to the Ohio River or its floodplain. 'thus, there exists potential for the Northeast Plume to 
stretch another 2,500 m (8,000 ft) north in the future, absent remedial measures or the plume's growth 
reaching a state of'equilibrium 

The PGDP's Southwest Plume appears to have migrated off-site only recently. This plume's leading 
edge reaches approximately 750 m (2,500 ft) west of ,thePGDP and is completely contained within the 
DOE reservation boundary. Hydraulic !potential of the RGA suggests that the plume willr grow northward if 
left unchecked, either merging into the Northwest Plume or paralleling the Northwest Plume to the west. 

Both the Northwest Plume and the Technetium-99 Plume extend ·off-site to near the Ohio River in the 
area of the TV A's Shawnee Steam Plant. Little Bayou Creek forms ,the northern limit of the Northwest 
Plume, where 'FCE levels in the creek water (up to 50 IlgIL) indicate that· the plume is discharging to ,the 
creek. TCE is largely undetected in monitoring wells to the north of Little Bayou Creek in the Shawnee 
Steam Plant area. The Technetium-99 Plume tracks to the east of the Northwest Plume and extends past 
Little Bayou Creek. Local monitoring well sample analyses suggest that ~c levels of 200 to 300 pCiIL 
probably extend to an Ohio River canall at the Shawnee Steam Plant. This contamination would! be 
captured and diluted to non-detectable levels :by process water intake pumps of both the steam plant and 
thePGDP that are located in the canal. 

4.3.1.3 Sources of the main plumes 

The four main plumes mark preferred groundwater pathways in the RGA. These preferred pathways 
integrate groundwater flow from broad areas. 'Fhus, on a site such as the PGDP with numerous contaminant 
source areas, it is expected to find multiple source zones that contribute to the main plumes. The 
following text summarizes ,the known and suspected contributing sources to each of the main plumes. 

Northeast Plume 

The 1999 investigation of source areas to .the Nottheast Plume (WAG 28 RI) was unable to define a 
discrete TeE DNAPL source zone for the main high-concentration core of the Northeast Plume. Previously, 
two of the most 'likely sources appeared to be associated with former facilities that existed during the 
construction of the PGDP. 

Soil and water samples of the fOflller millwright shop, located west of the C-333 Process Building, 
revealed only trace levels of TCE. Thus, the occurrence of TCE contamination in the RGA near the northeast 
comer of C-333 appears to be related to a relatively small DNAPL source zone located beneath the building. 

Similarly, samples of soil and water from the fOflller sites of the Kellogg Building (pipe fabrication 
shop) and its leach field determined that these locations were not current DNAPL. source zones. However, 
monitoring well data confirm the presence of the main high-concentration core of the Northeast Plume 
immediately east of these facilities. Beginning in 1997, TCElevels in the core of the plume have steadily 
declined. Thus, it is possible that dissolution has depleted the DNAPL source material. 

Another potential source of the Northeast Plume is the currently active C-533 Electl'ical Switchyard. 
The subcrop of the Porters Creek Clay, which forms the south boundary of the RGA, underlies the 
switchyard. TCE contamination in previous shallow groundwater samples collected adjacent to the south 
end of the switchyard: (south of the RGA) may indicate the presence ofa local DNAPL zone. WAG 28 iRI 
samples of UCRS soH and water collected around the north end of the switchyard contained only low 
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levels of TCE. Because groundwater flow in the UCRS above the RGA is primarily vertical. it remains • 
possible that a DNAPL source zone is located in the UCRS immediately below the north end of the 
switchyard that could not be detected by the perimeter samples. 

Water samples of the Groundwater Phase IV Investigation and the WAG 6 RI define a lesser core of 
dissolved-phase 'FeE and ~c in the Northeast Plume emanating from the northeast comer of the C-400 
Cleaning Building. The likely source of both TCE DNAPL and ~c is in the area of theC-403 
Neutralization Pit located -off the northeast corner of C-400. 

Southwest Plume 

The recent remedial investigations of WAG 3 and WAG 27 and the Data Gaps Investigation have 
determined several contaminant source zones contributing to the Southwest Plume. Both the C-720 
Maintenance and Stores Building and the C-747 Burial Area (SWMU 4) appear to be primary source areas. 

Groundwater samples taken from soil borings in the C-720 area and to the northwest define a dissolved 
phase TCE plume emanating from the east side of the C-720 Building across the width of the RGA. UCRS 
soil samples from around C-720 indicate the presence ofa DNAPL zone associated with the building storm 
drain system near the southeast corner of the building. This area appears to be the primary source zone to 
the dissolved phase plume. A lessor DNAPL source zone northeast of C-720 affects the upper RGA only. 

The Data Gaps investigation characterized RGA contaminant levels on the westside of ,the PGDP. 
Groundwater samples from borings along the security fence delineated a core of dissolved TCE and 99Tc, 
at levels above those expected from the distal C-720' source zones. Analyses of groundwater from borings 
located within the plant found similar levels of both contaminants immediately downgradient of SWMU 4 . 
Thus, SWMU 4 appears to be the primary source zone affecting contaminant levels outside the on-site 
secure area. 

Other sources of contamination in the UCRS overlying the Southwest Plume include the following: 

• C-747-C Forri1er Oil LandfarmlSWMU 1 (TCE). 
• C-749 Uranium Burial GroundJSWMU 2 (TCE). 
• C-404 Low-Level: Radioactive Waste Burial GroundlSWMU 3 (TCE and ~c). 
• UF6 Cylinder Drop Test ArealSWMU 91 (TCE), and 
• C-740 TCE Spill Site. 

Groundwater investigations and continued monitoring at these locations have shown that these 
source units have only minimal impact on RGA water quality. An innovative technology, the Lasagna™ 
process, is being applied as an interim remedial action to ,the TCE DNAPL zone associated with the UF6 

Cylinder Drop Test Area. 

Northwest Plume 

Many investigations have been required to determine the multiple sources contributing to the 
Northwest Plume. The Phase IV Groundwater Investigation established the C-400 area, located near the 
center of the PGIDP; as the primary contaminant source to,thehigh-concentration core of the Northwest Plume. 

Several TCE IDNAPL and,99Tc source zones occur in theC-400 area. The Ilargest TCE DNAPt. zone 

• 

at the PGDP underlies the southeast corner of the C-400 block, deri.ved from a leaking TCE transfer • 
pump and the SWMU 11 'FCE Leak Site, where a sump pump below a large degreasing unit in C-400 was 
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inadvertently routed into the PGDP stonn sewer system. High dissolved-phase TCE concentrations 
extend to the base of the RGA, indicating that DNAPL has penetrated to the base of the RGAin the area. 

Another TeE DNAPl. source occurs at the south end of the C-400 Building. TCE-contaminated 
soils extend from a leak site, where a stonn sewer "daylights" from beneath the building, westward along 
the stonn drain to near .the ,perimeter of the C-400 block. At the -leak site, DNAPL penetrated downward 
into the top of the RGA. 

The C-400 TechnetiumStorage Tank Area (SWMU 47) is located on the west side ofthe C-400 Building. 
The site previously included a' 4,OOO-galtank used in the early 1960s to store a waste solution containing 
99Tc and other radionuclides, and chromium. Surface and subsurface soils at the site are contaminated by 
radionuclides. High levels of dissolved 99Tc are found in the RGA in the. proximity and downgradient of 
SWMU47. 

After treatment, many of the former C-400 Building waste streams drained'north through the NSDD 
to Little Bayou Creek. The NSDD also received runoff from the PGDP's G·600 Steam Plant. Over years 
of operation, the on-site ditch filled with coal fines that readily sorbed and accumulated contaminants 
from the C-400 effluent. Recent investigations have shown the upper RGA to be contaminated with ~c 
in the vicinity of the NSDD. It appears likely that the NSDD immediately north of the C-400 Building is 
a source of 99Tc to the Northwest Plume. 

An ,investigation of the C-747-A burial ground (WAG 22, SWMUs 7 and 30 RI) evaluated! the site 
waste pits as a contributing source to the Northwest Plume, where the plume exits from the PGDP at the 
northwest comer of the facility. Dissolved levels of iCE and its degradation products in VCRS water samples 
around Waste Pit B (SWMU 7) were suggestive of a small 'FCE ONAPL source that originated in the 
burial cell and migrated into the underlying tiCRS. The presence of a TCE DNAPL in. the RGA could not 
,be determined because high upgradient concentrations from the Northwest Plume mask any local contribution. 

Several of the waste pits and area soil in theC-747-A burial ground contained 9~C contamination at 
elevated 'levels. Fate and transport modeling of the SWMVs 7 and 30 RI and draft FS (a final FS was 
deferred) showed that the contaminated materials likely were contributing 99Tc at levels far below 
drinking water standards. 

Technetium-99 Plume 

The Technetium-99 Plume consists of a core of 99Tc contamination, at levels less than drinking 
water standards, found east of the Northwest Plume. Sporadic on-site detections of RGA groundwater with 
higher 99'Fc levels from the north-central area ofthe PGDP are also attributed to the Technetium-99 Plume. 
A definitive source to the core of the plume remains unknown. The on-site NSDD and the C-6l6-E Sludge 
Lagoon, located immediately north of the main PGDP-fenced area,have been suspect source zones. 

Recent investigations have addressed' both suspected source areas. As discussed~ for the Northwest 
Plume, the 99Tccontamination associated with the on-site NSDD may account for the core of the 
Technetium-99 Plume. Moreover, the off-site NSDD appears to provide a line source of lower-level 
contamination along the east edge of the Technetium-99 Plume. Groundwater samples from both, the 
VCRS and RGA in soil borings at the perimeter of the C-616-E Lagoon contained only trace levels of~c. 

4.3.2 Extent of the ,Priority Contaminants 

To evaluate the extent of the priority contaminants for the GWOV, the following sections present 
maps of RGA sample locations and maps of maximum detected levels Of the contaminants in RGA 
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groundwater as derived from the GWOU database. These figures represent the area impacted by PGDP • 
groundwater contamination and downgradient areas north of the PGDP to the Ohio River. Metropolis . 
Lake Road and Bethel Church Road are convenient landmarks that mark the east and west boundaries of 
the map area. In addition to major PGDP eastings and northings, the maps include the outlines of the 
PGDP security area and the 'PGDP 'TCE plumes for reference. The TCE plumes define major 
groundwater flow paths emanating from the P6DP. 

Most ofthe priority contaminants are among three major contaminant groups associated with thePGDP: 
VOCs, metals, andradionuclides. 'The priority contaminants also include four other organic compounds. 

4.3.2.1 Volatile organic compounds 

'FCE is the most well-known VOC associated with groundwater contamination at the PGDP. It is the 
only VOC to he found off-site at levels ofl ppm or greater. TeE occurs in the Southwest, Northwest, 
and Northeast Plumes. The extent of the other VOCs is not as widespread. 

On-site On-site On-site Qff-site Off-site Off-site 
SW NW NE NW NE C-746-S&T 

Plume Plume Plume Plume Plume Landfill Area 
carbon tetrachloride ..; ..; ~ <5 ppb 
chloroform ..; ..; ..; ..; 
I.I-DCE ..; ..; ..; ..; 
1.2-DCE ..; <5 ppb 
cis-'1,2-DCE ..; ..; ..; ..; <5 ppb 
trans-I.2-DCE ..; ..; ..; 
TCE ..; ..; ..; ..; ..; ..; 
vin~1 chloride ..; <5 Epb 

Figures 4.3.through 4.1i8 present the available data for these VOCs. All of these priority contaminants 
except 1,2-DCE are found on-site. Trans-l,2-DCE and vinyl chloride are primarily limited to the immediate 
PGDP area. 

The data are suggestive of a source of dissolved chloroform and vinyl chloride to the RGA located 
in the northwest comer ·of the PGDP (likely the burial grounds ofSWMUs 7 and 30). Of these contaminants. 
only chloroform appears to be migrating off-site. 

4.3.2.2 Other organic compounds 

The other organic compounds that are priority contaminants for the GWOU are largely undetected' in 
RGA groundwater samples. Figures 4.19 through 4.24 show the distribution of samples and measured 
levels of contaminants. Naphthalene has not been detected. The GWOU database inCludes singular reports 
of acrylonitrile and bromodichloromethane (l0and 4 ppb, respectively) and 3 detections of aroclor-1254 
(0.2 to 0:9 ppb). Benzene was the most frequently detected of these contaminants (identified . .in analyses 
of water samples from 7 soil borings and 3 wells). Allbenzene analyses but I are 5 ppb or less, and most 
appear to be associated with the Northwest Plume. 
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4.3.2.3 Metals 

Previous human '-health risk models have identified 16 metals that have been retained as priority 
contaminants for the GWOU. As in previous sections, Figs. 4.25 through 4.56 map the density of RGA 
water sample locations and maximum . detected levels. However, with the exception of boron, dissolved 
metals levels are reported with respect to the PGDP background concentrations that are documented in 
Appendix D to the GWOU FS. In the absence of an established P6DP background concentration, boron 
levels are mapped as ppm. The background concentrations determined from filtered water samples were 
used as a conservative comparison to highlight areal trends in the metals data. Table 4.3 summarizes the 
reference background concentrations and'detected levels for each metal. 

rabies 4.4 and 4.5 present comparisons of the metals analyses against background levels derived 
from,total (whole) water samples and against MCt.s. 

Of the 15 priority contaminant metals, aluminum, chromium, iron, and manganese occur the most 
frequently (50 to 87% of sample locations) at levels equal to or greater than 5 times background. High 
levels of iron are evenly distributed across the map area while elevated aluminum and manganese levels 
off..:site appear to be prevalent in ,the west half of the PGOP. The distribution of elevated chromium levels 
off-site suggests the contaminant may be associated with the Northeast and Southwest Plumes. 

The GWOU IFS database contains 68 analyses for chromium from filtered water samples. These samples 
are more characteristic of dissolved metals levels in groundwater. Of these analyses, '19 (representing 
17 wells) report a detection of chromium. (Only two samples contained chromium levels above the MCL.) 
All but 6 of these analyses (samples from 4 wells) characterize groundwater of the C-746-S&T Landfill. 
Recent inspection of the monitoring wells at the C-746-S&1' Landfill has revealed that the stainless steel 
well casings are deteriorated. Biodegredation of the well casing is suspected as ,the cause of the elevated 
chromium levels. The DOE has a project in place to replace wells at the C-746-S&T Landfill (and neighboring 
C-746-U Landfill) with more resistant materials upon completion of a study of some of the well casings. 

Antimony, beryllium, cadmium, and silver are rarely detected in off-site RGA water samples. Higher 
arsenic 'levels occur beneath the PGDP but the contaminant is largely undetected off-site. Barium appears to 
be associated with the off-site groundwater contaminant plumes, but generally at ilevels of !less than 2 times 
background concentrations. Likewise, copper levels appear to be related to the off-site groundwater 
contaminant plumes, with concentrations decreasing offsite. 

Fluoride and vanadium are frequently detected in off-site RGA water samples but uniformly lbelow 
background concentrations. Isolated occurrences of elevated levels of the metals are found on-site. 
Likewise, nickel and uranium are typically less than 2 times background levels in off-site R6A water 
samples. Only isolated off-site occurrences of levels of these metals greater than 5 times the background 
concentrations are evident from the GWOU database. 

Boron is the only priority contaminant metal with a poor scattering of sample locations. The 
distribution of boron in groundwater based on the GWOU database does not define an anomaly that might 
lbe associated with a contaminant source. However, a trend of higher levels from the C-746-Srr Landfill 
area may exist. 

The DOE is continuing to assess the nature and extent of metals contamination associated' with the 
PGOP. Results of this assessment will be presented in a forthcoming White Paper. 
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Table 4.3. Levels of metals in RGAwater samples versus background levels for filtered water samples • # Sample 
Background locations #> #> #> #> 

(22m) with detects 1 X BkgdB 2 x Bkgd SxBkgd 10xBkgd 
Aluminum 0.311 132 B 23 15 59 
Antimony 0;060 15 2 0 0 
Arsenic 0.005 38 15 12 3 4 
Barium 0.200 165 54 18 7 15 
Beryllium 0.004 50 8 5 4 12 
Boron 13 No Background Values Available 
Cadmium 0.010 23 6 5 2 
Chromium 0.050 102 13 1'8 21 37 
Copper 0.020 83 25 13 11 16 
Fluoride 0.270b 131 11 5 1 
Iron 0.267 173 6 8 23 127 
Manganese 0.068 168 20 25 19 67 
Nickel 0.305 103 20 12 2 0 
Silver 0.060 19 I 1 0 
Uranium 0.002 36 8 2 6 5 
Vanadium 0.134 125 19 6 9 8 
n Bkgd = Background 
h 0.270 ppm = value derived from 'total' samples 

Table 4.4. Levels of metals in RGA water samples versus background levels for total samples 

• # Sample Background Based on Total Groundwater Saml!les 
Background locations #> #> #> #> 

(22m) with detects 1 X Bkgda 2xBkgd 5 x Bkgd 10 X Bkgd 
Aluminum 2.1189 132 16 17 7 29 
Antimony 0;060 15 2 0 0 
Arsenic 0:005 38 15 12 3 4 
Barium 0.235 165 48 13 8 14' 
Beryllium 0:004 50 8 5 4 12 
Boron 13 No Background Values Available 
Cadmium 0.010 23 6 5 2 
Chromium 0.1441 102 12 25 11 19 
Copper 0.036 83 11 14 6 11 
Fluoride 0.270 Bl 11 5 1 
Iron 5.030 173 26 34 12 35 
Manganese 0.119 168 20 24 20 50 
Nickel 0.682 103 7 4' 0 0 
Silver 0.011 19 12 3 1 
Uranium 0.002 36 8 2 6 5 
Vanadium 0.134 1125 19 6 9 8 
a Bkgd = Background derived from evaluation of total groundwater samples 
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• Table 4.5. Levels· of metals in RGA water samples versus MCLs 

# Sample 
MCI} locations #~ #~ #~ #~ 

(ppm) with detects 1 xMCl. 2xMCL 5xMCL IOxMCL 
Aluminum 0.050 132 4 11 14 101 
Antimony 0.006 15 5 3 2 
Arsenic 0.050 38 1 3 0 0 
Barium 2.000 165 3 8 4 0 
Beryllium 0.004 50 8 5 4 12 
Boron No Value f3 
Cadmium. 0.005 23 10 8 3 2 
Chromium 0.100 102 13 26 15 22 
Copper 1.300 83 3 0 0 0 
Fluoride 4;000 HI 1 0 0 0 
Iron 0.300 173 6 10 26 121 
Manganese 0.050 1168 16 28 19 72 
Nickel 00100 103 29 30 12 6 
Silver 0.100 19 1 2 2 0 
Uranium 0.020 36 1 2 2 :0 
Vanadium No Value 125 
• MCL= Maximum Contaminant level 
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4.3.2.4 :Radionuclides 

Technetium-99is a widespread groundwater contaminant derived from PGDP. Because it is a well-known 
concern, the GWOU database contains~c analyses for water samples collected from most wells and, 
soil borings of the PGDP. 

In general, analysis for other radionuclides at the PGDP is contingent upon a screening process. 
Gross alpha and beta activities have been used to determine when isotopic analyses are required. Hence, 
analyses fOJ: most other radionuclides are poorly represented' in the GWOU database. Among the other 
radionuclide :priority contaminants, 237Np and 222Rn have the best distribution of RGA water sample 
locations for evaluation of extent. Americium-241, 234U, and 238U are poorly represented in the database 
among RGA water samples. 'Fhere are no RGA water samples in the GWOU database with analysis for 
228Th. Figures 457 through 4.68 present the radionuclide data forthe RGA. 

The available data suggest elevated occurrences of 241 Am, 234U, and 238U in the RGA are limited to 
beneath the PGDP and the ,C-746-SIT Landfill area. The highest off-site activities of 9~care located 
north of the PGDP, associated with the Northwest Plume and the Technetium-99 Plume. Outside of the 
groundwater contaminant plumes, off-site ~c activities are uniformly below the 5 times hackground 
level. 222Radon and 237neptunium levels do not define any definitive trends related lothe PGDP. 
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5. CONTAMINANT FATE AND TRANSPORT 

5.1 INTRODUCTION 

The following subsections provide a summary of the previous fate and transport models ot: PGOP 
contaminant sources completed as part of PGOP Rls or other studies. This section includes reviews of 
modeling performed for WAGs. 1 and 7, WAG 22, WAG 6, WAG 27, SWMU 91, and WAG 28. 

5.2 SUMMARY OF PREVIOUSLY MODELED SOURCES 

Descriptions of source unit investigations in Chap. 3 of this report present the main associated 
contaminants derived from previous fate and transport modeling. Several fate and transport model codes 
have been used for the PGOP. The selection of models Ihas been determined by the conceptual models of 
groundwater/contaminant transport developed for each source unit, the modeled point of exposure, and 
the amount of available data for source tennand transpolt parameter definition. 

5.2.1 WAGs 1 and 7 

Fate and transport modeling for WAGs I and 7 was completed as part ot:the Resource Conservation 
and Recovery Act Facility InvestigationiRemediallnvestigation Report for Waste Area Groupings I and 7 
at Paducah Gaseous Diffusion Plant. Paducah. Kentucky (DOE 1996a). After an initial screening of COPCs, 
the WAGs 1 and 7 RI ,used the Summer's Model (EPA 1989) to derive a reasonable maximum leachate 
concentration. 

The Summer's Model is a one.,dirnensional equilibriUm/mass-partitioning model that predicts contaminant 
concentrations in groundwater from soil concentrations. The following assumptions are the basis for the 
Summers Model: 

1. Groundwater is in chemical equilibrium with contaminated soils. 

2. The equilibrium relationship between soil and groundwater is approximated by a soil-water partitioning 
coefficient. 

3. No contaminant degradation occurs. 

4. Groundwater flow in the vadose zone is vertical. 

5. Leachate is not diluted priorto reaching the aquifer. 

Fate and transport modeling for WAGs 1 and 7 addressed SWMUs 8, 38, 100, 131, 132, 133, 134, 
and 136. Tables 5. I through 5.1 B summarize the key hydraulic parameters and calculated results of the 
WAGs 1 and 7 model. 

5.2.2 WAG 22 - SWMU 2 

Data Summary and Interpretation Report for Imerim Remedial Design at Solid Waste Management 
Unit 2 of Waste Area Grouping 22 at the P{u/llcah Gaseous Diffusion Plant, Paducah. Kentucky (DOE 1997) 
presented the fate and transport modeling for SWMU 2. Modelers used the MEPAS model (PNL 1989) to 
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Table 5.1. SOlirce zone areas and transport parameters for WAGs 1 and 7 

Multi Media Modeling Summary 
Project Name WAGs 1 and 7 
Model Name Revised Summers Model 
Documented Resource COl/sen'atioll and Recovery Act Facility IllvestigationlRemediallnl'estigation Report for 

Waste Area Groupings J and 7 at Paducah Gaseous Diffusion Plant Paducah, Kentucky 

Geologic Units 
HYDRAULIC PARAMETERS 
Horizontal Area of 
Contamination 
Perpendicular spill width 
Hydraulic Gradient 
Hydraulic Conductivity 
OW flow rate 
Darcy !low rate (downward) 
Infiltration !low rate 
Aquifer Thickness 

Chemical concentration in 
source (Sc) 
Chemical concentration in 
vadose zone (CP) 
Kd values 
Upgradientlbackground 
chemical concentration (Ca) 
CALCULATED CHEMICAL 
CONCENTRATION (Cw) 

• 

SWMU 
8 

TSG 

44:600 m-

213.4m 
0.03 

8.64E-1 mid 
37.1 m·1/d 

3.26E-4 mid 
14.54 mid 

6.71 m 
attached 

attached 

attached 
attached 

attached 

SWMU 
38 

RGA 

363.25 ml 

12m 

9.84 mJ/d 
6.16E-4 mid 
2.24E-1 m'/d 

9.14m 

attached 

attached 

attached. 
attached 

attached 

SWMU 
100 
RGA 

719.85 m' 

13.7 m 

12.169 mJ/d 
6.16E-4 mid 
4.43E-1 tTr ld 

10.1 in 

attached 

attached 

~attached 

attached 

attached 

~ 

SWMU 
130 
TSG 

6.71 111' . 

2.6m 
0.017 

8.64E-1 mid 
9.16E-2 m'/d 
5.22E-4m1d 
3.5E-3m·/(J 

2.4 III 

attached 

attached 

attached ... 

attached 

attached 

• 

SWMU 
131 
TSG 

1.5 m' 

1.2 m 
0.017 

8.64E-1 mid 
1.181E-1 mJ/d 
. 5.22E-4 mid . 
7.83E-4 m'/d 

6.7 m 
attached 

attached 

attached 
attached 

attached 

SWMU 
132 
TSG 

10.24 rri-

3.2m 
0.017 

8.64E-1 mid 
4.28Ec 1 mJ/d 
S.22E-4 mid 
5.35E-3 m' Id 

9.1 tTl 
attached 

attached 

attached 
attached 

attached 

SWMU 
133 
TSG 

8.38 rri'· 

2.9m 
0.047 

8.64E-1 mid 
1.28E-1 mJ/d 
5.22E-4m1d 
4.37E-3 mid 

3m 
attached 

attached 

attached 
attached 

attached 

SWMU 
134 
TSG 

8.38 m' 

2.9m 
0.017 

8.64E-1 mid 
2.34E-I. m3/d 
5.ttE-~4 mid 
4.37E-3 mid 

5.5 m 
attached 

attached 

attached 
attached 

attached 

SWMU 
136 
RGA 

.° 17.8 m'· 

3.66m 

2.94 m3/d 
6.16E-4m1d 
1.I0E-2 mJ/d 

9.14m 
attached 

attached 

attached 
attached 

attached 

• 



VI 
I 

VJ 

• 
Project Name 
Model Name 
Documented 

Contaminants: 
Inor~anics 

Antimony 
Barium 
Beryllium 
Cadmium 
Manganese 
Nickel 

.. 

Rd· a IOnuc I es 
Neptunium~:i37 

Plutonium-239 
Technetillm-99 
Thorium~228 

Thorium-230 
Thorium-232 
Uranium (total) 

.. Organics 
11,2-Dichloroethene 
I aenzo(a)pyrene 

I Aroclor -1254 
I Aroclor":1260 

• • 
Table S.2. Distribution coefficients and measured and modeled contaminant levels for SWMU 8 

WAGs 1 and 7 ~ SWMU 8 
Revised Summers Model 
Resollrce COllsen'atioll alld Recovery Act Facility l1lvestigatioIlIRemediall1lvestigatioll Report for Waste Area Grollping$ I alld 

7 at Paducah Gaseous Diffllsio1l Plallt Padllcall. Kellfllcky 

CHEMICAL PARAMETERS AND CALCULA TEl) RESULTS FOR SWMU 8 

Sc Kd (sand soils) Cp (sand soils) Kd (clay soils) Cp (clay soils) Ca Cw (sand) Cw (clay) 
(mg/kg) (Llkg) (mg/L) . (LIke) (J1I2/L) (nig/L) .. (mg/L) (mg/L) 

2.22 45 4.93E-02 250 8.88E-03 0 l.39E-02 2.50E-03 .. 

76.1 
. 

60 1.27 60 1.27 0 3.57E-OI 3.57E-OI 
7.47E-Ol 250 2.99B-03 

... 

1300 5.75E-04 0 8.4 I E-04 1.62E-04 .. 

3.8IE-OJ 40 9.53E-03 5QO 6.80E-04 0 1.6SE-03 1.92E-04 

50.1 50 10 180 2.78 0 2.S2 7.S4E-OI 
9.62 300 3.21E-02 650 1.48E-02 0 9.03E-03·· 4.17E~()3 

Cit ) (p. I~,. 

I.S2E~03 5 3.64E"04 55 3.3IE-05 0 1.02E-04 9.32E-06 
8.69E-05 550 1.5SE-07 5100 1.70E-OS 0 4.45E-OS 4.80E-09 
5.57Ec04 0.1 . .. 5 . .57E-03 I 5.57E-04 <f 1.57E-03 1.57E-04 
1.65E.09 3200 5.16E~13 5800 2.84E-13 0 1.45E-13 S.<HE-14 
2.16E-02 3200 6.75E-06 5S00 3.72E~06 0 1.90E-06 1.05E-06 

15 3200 4.69E-03 5800 2.59E~03 0 1.32E-03 
.. 

7.28E-04 
44.5 15 2.97 1600 1.78E":()2 0 8.35E-OI ~.83E-03 

.. 

Sc Kdl (foc=.0002) CPl Kdz (foc=.OOI) CPz Ca CWI C.wl 
(m2/kg) (LlkJi) . . (1J127L) (LIk~) (mgIL) (mgIL) (mgIL) GnWL) 
6.68E-03 1.60E-02 4. 18E-Ol 0.08 8.35E.=02 0 l.l8E-Ol 2.35E-02 
2.59E-Ol 1100 ···2.35E-()4 5500 4.71E-05 0 6.63E-05 1.33E-05 

Sc Kd CP Ca Cw 
(mg/k~) (LIk~) (~) (meIL) (m2/L) 
l.30E-Ol 2.63E+D4 4.94E"06 0 l.39E-06 
2.83E-02 2.63E+04 1.08E-06 0 3.03E-()7 

.. 
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Project Name 
Model Name 
Documented 

Contaminants: 
Inorganics 

I Barium 
I Manganese 

Radionuclides 
Neptunium-237 

-- -

Plutonium-239 
Plutonium-240 
Technetium~99 

Thorium-228 
Thorium-230 -

Thorium-232 
Uranium (total) 

l Aroclor-1254 
I ArodoT-1260 

• 

-

Table 5.3. Distribution c()efficients and measured and modeled contaminant levels for SWMU 38 

WAGs 1 and 7· SWMU 38 
Revised Summers Model 
Resource COllsel1'atioll alld Recol'elY Act Facility Im'estigatiolllRemediallnvestigatioll Report for Waste Area Groupings I and 
7 at Padllcah Gaseolls Diffusion Plant Padllcall, Kellfllcky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 38 
-

Sc Kd (sand soils) Cp (sand soils) Kcf(clal' soils) C1» (clay soils) Ca Cw (sand) Cw (clay) 
(mg/kg) (LJkg) (mWL) (LJkR) (mWL) (mg/L) (mg/L) (mg/L) 

63.4 60 1.06 60 1.06 0 2.35E-02 2.35E-02 
473 50 9046 180 2.63 0 2.lOE"01 5.84E-02 

1.63E-03 5 3.26E-04 55 -- 2.96E-05 0 7.25E-06 6.59E-07 -

1.28E-06 550 2.33E-09 5100 2.51E-tO 0 S.17E-ll 5.58E-12 
S.27E-07 550 9.58E-lO 51QO 1.03E"lO 0 2.13E-II 2.30E-12 
7.64E-Q~ 0.1 7.64E-04 I 7.64E-05 0 1.70E-05 1.70E~06 

1.45E-09 3200 --4.53E-13 5800 2.50E-13 0 1.01E-14 5.56E-15 
7.92E-05 3200 2.48E-08 5800~ 1.37E-08 0 5.50E-lO 3.04E-lO 

11.6 3200 3.63E-03 - 5800 2.00E-03 0 8.06E-05 4.45E-05 
6.65 15 4.43E-OI 1600 4.41E-03 0 9. 86E-03 9.24E-05 

Sc Kd Cp Ca Cw 
(mWka) (LIka) (mg/L) (mg/L) - (mg/L) 

9.65E-02 2.63E+04 3.67E-06 0 8.16E-08 
4.56E-02 2.63E+04 1.73E"06 0 3.86E-08 

-

• • 
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Project Name 
Model Name 
Documented 

Contaminants: 
Inorganics 

I Barium 
I Manganese 

._. 

Radionuclides 
Neptumium-237 
Plutonium-23S 
Plutonium-240 
Technetium-99 
ThOJ:i u.m-228 
Thcjrium~230 

Thorium-232 
UranIum (Total) 

. 

• • 
Table 5.4. Distribution coefficients and measured and modeled contaminant levels for SWMU 100 

WAGs 1 and 7 .. SWMU 100 
Revised Summers Model 
Resource COllsen1arioll alld RecoI'ery Act Facility IllvestigatiolllRemediallnvestigatioll Report for Waste Area Groupings I and 
7 at Paducah Gaseous Diffusioll Plall1 Paducah. Kell1ucky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 100 

Sc Kd(sand soils) CpJsand soils) Kd (clay soils) C~ (clay soils) Ca Cw (sand) Cw(C1ay) 
.. 

(m2!ke) (Like) (mJi/L) (LIke) (mWL) (mWL) (mWL) (rnWL) 

.-

105 60 1.75 60 1.75 0 6.lSE-02 6.15f>02 
536 50 10.7 180 2.98 0 3.77E-OI I ,OSE-O I 

2.36E-04 5 
.-

4.?2E-05 55 4.29E-06 0 1.66E-06 1.5IE-07 
1.76E-09 550 3.20E-12 5JQO 3.45E-13 0 1.12E-13 1.21E-14 
1.23E-07 S50 2.24E-1O 5100 2.41E-Il 0 7.86E-12 8.47E-13 
3.?8E-05 0.1 3.78E-04 1 3.78E-OS 0 1.33E-OS 1.33E-06 
1.61E-09 3200 5.03E-13 5800 2.78E-13 0 l.77E-14 9.75E-15 
6.74E-05 3200 2.llE-08 S800 1. 16E-08 0 7.40E-1O 4.08E-1O 

12.4 3200 3.88E-03 5800 2.f4E-03 0 1.36E-04 7.5lE-05 
3.16 IS 2.l1E-OI 1600 1.98E-Q3 0 7.40E-OJ 6.94E-OS 

. 



Project Name 
Model Name 
Documented 

Contaminants: 
Radionuclides 

Uranium (Total) 

Project Name 
Model Name 
Documented 

Contaminants: 
Radionuclides 

JJraniul!1 (Total) 

• 

Table 5.5. Distribution coefficients and measured and modeled contaminant levels for SWMU 130 

WAGs 1 and 7 - SWMU 130 
Revised Summers Model 
Resource COllservatioll and Recovery Act Facility Illvestigation/Remediallnvestigation Report for Waste Area Groupings I and 
7 at Paducah Gaseolls Diffusion Plant Padllcall. Kentucky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 130 

Table 5.6. Distribution coefficients and measured and modeled contaminant levels for SWMU 131 

WAGs 1 and 7 - SWMU 131 
Revised Summers Model 
Resource COl/sen'atioll and Recovery Act Facility InvestigationlRemediallnvestigatioll Report for Waste Area Groupings I and 
7 at Padllcah Gaseous Diffusion Plant Padllcah. Kelltllcky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 131 

( ) 
2.79 

• • 



VI 
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• 
Project Name 
Model Name 
Documented 

Contaminants: 
Radionuclides 

I Technetium-99 
I Uranium (Total) 

Project Name 
Model Name 
Documented 

Contaminants: 
Radionuclides 

LTechnetium-99 
l Uranium (total) 

Qr2anics 
I Benzo(a)pyrelle 

• • 
Table 5.7. Distribution coefficients and measured and modeled contaminant levels for SWMU 132 

WAGs 1 and 7 - SWMU 132 
Revised SUll1ll1ers Model 
Resource Conservation and Recovery Act Facility blvestigationlRemediallnvestigatioll Report for Waste Area Groupings J and 
7 at Paducah Gaseous Diffusion Plallf Paducah. Kentucky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 132 

Sc Kd (sand soils) Cp (sand soils) Kd (clay soils) C~ (clay soils) Ca Cw (sand) Cw (clay) 
(mglkg) (Ukg) (mglL) (~ (m2/L) (JI12/L) fDI2IL) (m2IL) 

4.bSE-05 0.1 4.05E-04 I 4.0)E-05 0 5.ooE-06 5.00E-07-

3.31 15 2.2IE-Ol 1600 2.07E-03 0 2.72E-03 2.55E-05 
--_. --

Table 5.8. Distribution coefficients and measured and modeled contaminant levels for SWMU 133 

WAGs 1 aJld 7 - SWMU 133 
Revised Summers Model 
Resource Consen1ation and Recovery Act Facility 11lI'estigationiRemediallllvestigatioll Report for Waste Area Groupings J and 
7 at Paducah Gaseous Diffusion Plant Paducah. Kentucky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 133 

Sc Kd (sand soils) Cp (sand soils) Kd (clay soils) Cp (clay soils) Ca Cw (sand) Cw (clay) 
(mg/kg) (L/kg) (m2IL) (L/kg) (m2IL) (mgtL) (mg/L) (m2IL) 

5.50E-05 0.1 5.50E-04 I 5.50E-05 0 4.25E-04 4.25E---05 
4.03 15 2.69E-Ol 1600 2.52£-03 -- 0 2.08E-Ol 1.95E-03 

- -

Sc Kd1 (foc=.OOO2) CPJ Kd2 (foc=.OOl) CP2 ea CWI CWz 
(m2!k2) (Ukg) (mgttj (Ukg) (m2IL) - (m2IL) (m2IL) (mgiL) 

2.06E+00 1100 I. 87E-03 55QO 3.75E~d4 
- -

0 1.45E-03 2.90E-04 



VI 
I 

00 

Project Name 
Model Name 
Documented 

Contaminants: 
Radionuclides 

Nept~mi.um-237 

Plutonium-23S 
Technetium-99 
Thorium-22S 
Thori um-230 
Thorium-232 
Uranium (total) 

• 

Table 5.9. Distribution coemcients and measured and modeled contaminant levels for SWMU 134 

WAGs 1 and 7 .. SWMU 134 
Revised Summers Model 
Resource COllsen'atioll alld Recol'ery Act Facility IlIl'estigatiolllRemediallnl'estigatiol! Report for Waste Area Groupings I and 
7 at Paducah Gaseous Diffusioll Plallt Paducah, Kelltlicky 

CHEMICAL PARAMETERS AND CALCULA TED RESULtS FOR SWMU 134 

Sc Kd (sand soils) Cp (sand soils) Kd (clay soils) Cp (clay soils) Ca Cw (sand) Cw (clay) 
(mWk2) (LIk2) . (mWL) (L/kg) (DIg/L) (mg/L) (mg/L) (mg/L) 

S.l3E-05 5 1.63E:;05 55 1.4SE-06 0 1.06E-05 9.63E-07 
1.17E-OS 550 2.l3E-ll 5100 2.29E-12 0 1.39E-11 1.49E-12 
3.94E-05 0.1 3.94E-04 1 3.94E-05 0 2.57E-04 2.57E-05 
2.3IE-09 3200 7.22E-13 5S00 3.9SE-13 0 4.70E-l3 2.59E-13 
4.59E-05 - .. - 3200 I.43E·OS 5S00 7.9lE-09 (j 9.34E-09 5.5lE-09 

22.6 3200 7.06E-03 5S00 3.90E-03 .0 4.601:'>03 2.54E-03 
2.S4 15 I.S9E-01 1600 l.7SE-03 0 1.23E-01 1.16E-03 

Kd. (fot=.0002) . Kdz (foc=.OOl) 
( ) (Uk ) ( ) 

2.0SE-Ol 5500 

• • 



• 
Project Name 
Model Name 
Documented 

Contaminants: 
Radionuclides 

I Technetium-99 
I Uranium (total) 

. - -

Oreanics 
1,1-Dichloroethene 
Benzo(a)pyrene 
Trichloroethene 

_ . 

. -

• 
Table 5.10. Distribution coefficients and measured and modeled contaminant levels for SWMU 136 

WAGs 1 and '7 - SWMU 136 
Revised Summers Model 

• 
ResOIirce Conservation and Recovery Act Facility IIII'estigationlRemediallllvestigatioll Report for Waste Area Grollpillgs I and 
'1 at Paducah Gaseous Diffusion Plallf Paducah, Kellfucky 

CHEMICAL PARAMETERS AND CALCULATED RESULTS FOR SWMU 136 

Sc Kd (sand soils) Cp (sand soils) Kd (clay_soils) Cp (clay soils) Ca Cw (sand) Cw (clay) 
(mg/kg) (LIkg) (mg/L) - (I.Jkg) (mgIL) (mgIL) (mgIL) (mgIL) 

3.53E-05 0.1 3.53E-Q4 I 3.53E-05 0 1.32E-06 1. 32E-07 
2.24 15 "f.4-9E-01 1600 1.40E-03 0 5.57E-04 _ 5.22E-()6 

. 

Sc Kdl (foc=.OOO2) CPt KdzJfoc=.OOl) Cpz Ca Cw~ Cwz 
(mg!kg) (LIkg) (mg[!.) (LIkg) (mgIL) (mgIL) (mgIL) (mr/!J 

. 

4.90E-03 1.60E-02 3.06E-Ol 0.08 6.13E-02 0 1.I4E-03 2.28E-04 
2.08E-Ol 1 ioo 1. 89E-04 5500 3.78E-05 0 7.05E-07 1.41E-07 

- 4.59E-03 4.28E-02 l-07E-Ql 2.14E-01 2.f4E-02 0 4.00E-04 -- 8.00E-05 



simulate fate and transport of contaminants and RESRAD ~E 1993) for additional modeling of radionuclide • 
contaminants. 

The MEPAS model offered a fate and transport and risk computation code that combined source term, 
transport, and exposure type models. Detailed hydraulic ,potential measurements at SWMU 2 determined 
that shallow groundwater flow included a minor lateral discharge component to the adjacent Outfall 15 
ditch and a major vertical discharge component to the underlying RGA. Consequently, the SWMU 2 
MEPAS model assessed three exposure points: 

• groundwater use at Outfall 15 on Bayou Creek, 
• groundwater use at .the POOP security fence, and 
• groundwater use at the DOE property boundary. 

The SWMU 2 RESRAD model' assessed the generation of radionuclide daughter products and their 
transport from the source areas to the RGA directly beneath SWMU 2. Modelers simulated a 12,800-year 
period to address the 'long-term threat posed by the radionuclides. 

As a conservative measure, the SWMU 2 risk assessment summed contaminant contributions from 
sources (e.g., surface soil, subsurface soil, and waste), with the exception .of a potential secondary source 
of TCE that was thought to be improbable. The presence of a secondary source of ONAPL at SWMU 2 
was not supported by field investigation results and required the catastrophic release of all drummed 
waste containing TCE at SWMU 2. 

Modeling indicated an unacceptable impact upon the Outfall 15 ditch. However, soil and sediment 
samples at SWMU 2 provided empirical evidence that SWMU 2 had minimal affect upon ditch contaminant 
levels. Because a previous validation of MEPAS had documented a significant upward bias of contaminant 
levels in near field simulations, these model results were discounted. With the exception of the simultaneous 
TCE drum spill scenario, MEPAS modeling showed that contaminant migration from soil and' waste cells to 
the RGA exposure points was not a concern over the 10,OO0-year model period. RESRAD modeling indicated 
that the maximum dose of radioactiv.ity from SWMU 2 will arrive in the RGA 100 years into the future. 
The total contributed dose was expected to be less than the MCL for ionizing radiation. Tahles 5.11 
through 5. 13 present transport parameters of the SWMU 2 model. 

5.2.3 WAG 22 -SWMUs 7 and 30 

The initial fate and transport models for SWMUs 7 and 30 were documented in Remedial Investigation 
Report for Solid Waste Management Units 7 and 30 of Waste Area Grouping 22 at Paducah Gaseous 
Diffusion Plant; Paducah, Kentucky (DOE 1998a). Groundwater model results were generated by the 
Seasonal Soil Compartment Model (SESOIL) (GSC 1,995), for modeling leachate generation and vertical 
migration from the source units, and the Analytical Transient 1-, 2-, 3-Dimensional Model (ATI230) 
(Yeh 1981), for simulating 'horizontal transport in the RGA. Together, the two programs used algorithms 
similar to those of MEPAS to partition contaminants between soil-sorbed and I water-dissolved phases and 
to transport contaminants to receptor points. 

The SWMUs 7 and 30 RI also used the Storm Water Management Model (SWMM) (Huber and 
Dickinson 1988) to assess the ,impact of area surface soil' contaminants to the PGOP outfall ditch network 
through ditches that bound the SWMUs on the north and south sides. This model employed soil-water 
partitioning coefficients and washoff and runoff parameters to derive stormwater contaminant levels . 

00-00 I (doc )/08240 I 5-10 
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Table 5.11. Transport parameters for SWMU 2 

Multi Media Modeling Summary 
Project Name SWMU 2 of WAG 22 
Model Name Multimedia Environmental Pollutant Assessment System (MEPAS) 
Documented Data Summary and Il1terpretation Report/or Il1terim Remedial Design at Solid 

Waste Managemellt Unit 2 of Waste Area Grouping 22 at the Paducah Gaseous 
Diffusion Plant Paducah, Kentucky 

Geologic Units 

Hydraulic Parameters 
Thickness 
Conductivity 
Porosity - Total 
Porosity - Effective 
Soil Saturation (%) 

Bulk Density 
TOC 
Dispersion - Longitudinal 
Dispersion - Transverse 
Dispersion - Vertical 
Groundwater Velocity 
K.! Values 

Model Dimension 

UCRS 
HU2a 

7.5 ft 
5E-6,emlsee 

0.25 

0 
2.24 g/cmJ 

0.1 
0.75 

61.9/81.7 
0.469/0.619 

See attached 

)1 

UCRS 
HU2b 

6ft 
IIE-6 emlsee 

0.25 

100 
2.24' g/cm3 

0.1 
0,6 

See attached 

HU3 

9ft 
5E-6cmlsec 

II 0.38 

100 
1.96g/cm3 

0:08 
0.9 

See attached 

, 

RGA 
HlJ4IHU5 

40 ft 

0.3 
0.25 
1'00 

2.16 g/cm~ 
0.03 

1.17 ftlday 
See attached 

'I 

VerticaUHorizontai (2-D only) 1-1 _--.:;.1.,::0_' _--L-_----:I:...,:D'---_-'--_---"-I .::;.D __ .L...-_....:;.I.,::D'----' 
Source Terms 

Location 
Area 
ConstantlDegrading 
Concentration 

Points of Exposure 
Locations 

00-00 I (doc )/08240 I 

SWMl!l 2 

Degrading 

SWMU2 SWMU2 SWMU2 

Degrading Degrading Degrading 

5-11 

McNairy 
HU6 

Not 
Represented 



Table 5.12. Distribution coefficients used in,the MEPAS model of SWMU 2 

Kd Values for: SWMU 2 of WAG 22 
Model Name 
Documented 

CONSTITUENT 
Aresenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Manganese 
Nickel 
Silver 
Thallium 
Uranium 
Vanadium 
cis-l,2-Dichloroethene 

trans-l t2-Dichloroethene 
Aroclor-l016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
A roclor-1248 
Aroclor-1254 
A roclor· 1260 
Trichloroethene 
Vinyl Chloride 
Am-241 
Np-237 
Pu-239 
Pu-234 
Tc-99 
Th-230 
Th-234 
U-234 
U-235 
U-238 

00-00 I (doc )/08240 I 

, 

Multimedia Environmental Pollutant Assessment System ~MEPAS) 
Data Summary and Interpretation Report for Interim Remedial Design at Solid Waste 
Management Unit 2 of Waste Area Grouping 22 at the Paducah Gaseous Diffusion 
Plant Paducah, Kentucky 

UCRS-HU2a UCRS -HU2b Hl:J3 'RGA HU4IHUS 
5.86 5.86 19.4 5.86 
530 , 530 16000 530 
70 70 8000 70 

14,9 i 14.9 567 14.9 1 

16.8 ' , 16.8 360 16.8 
16.5 16.5 36.9 16.5 
12.2 12.2 650 1,2.2 
0.4 0.4 40 0.4 
0 0 0.8 0 

1170 1170 3640 66.8 
50 50 100 50 

Not inMEPS Not in MEPS Not inMEPS Not in MEPS 
database database database database 

0.007 0.007 0.012 0.0059 
134 134 2300 11,1 
4.33 4.33 74.2 3.59 

0.575 0.575 9086 0.477 
4.7 4.7 80.6 3.89 
207 207 3540 171 
395 395 6780 328 

5000 5000 85700 4140 
0,094 0.094 1.61 0.0779 

0.0425 0.0425 0.729 0.0352 
82 82 1000 82 
3 3 3 3 
10 10 250 liO 
0 0 500 0 
3 3 20 3 

100 100 " 2700 100 
100 100 2700 100 
906 906 

, ):580 62.98 
906 906 'I' 1'580 62.98 
906 906 1'580 62.98 

5-1[2 
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Table 5.13. Transport parameters and distribution coefficients used in the RESRAD model of SWMU 2 

Multi Media Modeling Summary 
Project Name 
Model Name 
Documented 

Geologic Units 

Parameters 
Thickness 
Bulk Density 
Porosity - Total 
Porosity - Effective' 
SoU-speciflcb,parameter 
Hydraulic Conductivity 
Hydraulic Gradient 
Water Table Drop Rate 

Source Terms 
Area 
ConstantlDegrading 

Concentration 
Pointof Exposure 

Kd Values _,cm.1/g 
Am·241 
Pb-2l0 
Np-237 
Pu-239 
Pa-231 
Ra-226 
Tc-99 
Th-229 

, Th·230 
U-233 

i 'U·234 
! 

IU·235 
: 

il!1-238 

00-00 I (doc )/08240 I 

Universal 

SWMU2 
2973 ml 

Degrading 
(decay) 

RGA beneath 
SWMU2 

I 

SWMU 2 of WAG 22 
RESidual RADioactivity 
Data Summary and Interpretation Repon for Interim Remedial Design 
at Solid Waste Management Unit 2 of Waste Area Grouping 22 at the 
Paducah Gaseous Diffusion Plant Paducah, Kelltucky 

UCRS 
H\!J2a 

2.29m 
2.24 glcm~ 

0.25 
0.13 
4.05 

1.58 m/yr 

82 
234 
3 
10 
0 

24.3 
3 

100 
100 

1170 
1'170 
1170 
1:170 

, 
' : 

5-13 

,UCRS 
HU2b 

1.83m 
2.24~cm· 

0.25 
0.13 
4.05 

0.32 m/yr 

82 
234 

3 
10 
0 

24.3 
3 

:JOO 
1'00 

1170 
1170 
1170 
1170 

: i 

I 

HU3 

2.74m 
1.96_glcm~ 

0.38 
0.3 
lOA 

0.16 m/yr 

1000 
1830 

3 
250 
500 
124 i' 

20 I, 

2700 I 
2700 

I 
: 

3640 
3640 
3640 
3640 

RGA 
HU4IHU5 

2.16 glcm~ 
0.3 

0.25 
4.05 

6508 m/yr 
0.02 

0.001 m/yr 

82 
234 

3 
:lO 
0 

2403 
3 

100 
100 

66.8 
66.8 
66.8 
66.8 

: 
; 

; 

' ! 
" 

McNairy 
HU6 
Not 

Represented 



SESOIL Modeling. The SESOIL model used for leachate modeling, estimates pollutant concentrations • 
in the soil profile following introduction via direct application and/or interaction with other media. The • 
model defines the soil compartment as a soil column extending from the ground surface through the 
unsaturated zone and to the upper level of the saturated soil zone. Processes simulated in SESOILare 
categorized in three cycles: the hydrologic cycle. sediment cycle. and pollutant cycle. Each cycle is a 
separate submodule in the SESOILcode. The hydrologic cycle includes ,rainfall. surface runoff. infiltration. 
soil-water content. evapotranspiration. and groundwater recharge. The pollutant cycle includes convective 
transport. volatilization. adsorption/desorption. and degradation/decay. A contaminant in SESOIL can 
partition in up to four phases (liquid. adsorbed; air. and pure). 

Data requirements for SESOIL are not extensive. utilizing a minimum of soil and chemical parameters 
and monthly or seasonal meteorological values as input. Output of the SESOTh. model includes pollutant 
concentrations at various soil depths and pollutant loss from the unsaturated soil zone in terms of surface 
runoff. percolation to groundwater. volatilization. and degradation. The simulations using SESOIL were 
continued until the maximum concentration in groundwater was attained or a simulation time of 1000 years 
was reached. The model was applied twice: (1) from the Waste Pits (source units) to the HU 2. and (2) from 
HU 2 to the RGA. Soil contaminant levels determined by the SWMUs 7 and 30 RI and back-calculated soil 
contaminant levels based on area dissolved-phase levels were used in the SESOn.. model' of the source units. 

Source Areas. Although 27 constituents from Pit A were identified as the initial CMCOPCs based 
on soil screening. only 7 of them were selected for SESOIL modeling. Similarly. 14 of the 38 initial 
CMCOPCs from Pits B/C. 4 of 26 initial CMCOPCs from the F Pits. and 7 of Ii8 initial CMCOPCs from 
Subsurface Outside of the Pits were selected for SESOIL Modeling. The model was calibrated against 
the percolation rate by varying the hydraulic conductivity and the disconnectedness index and keeping all 
other site-specific geotechnical parameters rxed. The final parameter values used in this modeling are as •• 
follows: soil bulk dry density of 1.5 glcm • porosity of OAO. organic carbon content of 0.34%. and a 
volumetric moisture content of 27.5%. Additional parameter values used in the model included a 
disconnectedness index of 10.0 and an intrinsic permeability of9.0 x 10-10 cm:! which was derived during 
calibration of the model to a percolation rate of 4.6 inlyear_ 

The SESOIL model was set up using four layers extending from the ground surface to the average 
water table surface at 12 ftbgs. The first layer of the model extended from ground surface to 1 ft bgs and 
corresponds to the observed soil cover over the pits. The second layer extended from 1 ft bgs to 5 ft bgs 
and corresponds to the sampling intervaL Therefore. this layer represents the loading zone_ The third 
layer extended from 5 ft bgs to 10 ft bgs. and most of the pit water was collected in this interval that was 
used to back-calculate to corresponding soil concentrations. Therefore. this layef also represents a 
loading zone. The fourth layer extended from 10 to 12 ftbgs. formed the leaching zone. and was divided 
into 5 sublayers for bettef resolutions. The application parameters for constituents from Pit A. Pits H/C. 
the F Pits. and Subsurface Outside of the Pits modeled using SESOIL could be found in Appendix D of 
.the RI document. Tables 5_14 through 5_17 present the results of SESOIL modeling for the source areas. 

VCRS. SESOIL-predicted maximum leachate concentrations from the individual source areas were 
compared against the observed .maximum groundwater concentrations. and the source term concentrations 
for transporting the contaminants vertically down to the RGA were developed_ However. only ,17 of 42 ,initial 
CMCOPCs from the VCRS were selected for SESOIL modeling_ As before. the model was calibrated 
against the percolation rate by varying the hydraulic conductivity and the disconnectedness index and 
keeping all other site-specific geotechnical parameters fixed. The final parameter values used in the 
modeling from UCRS are as follows: soil bulk dry density of 1-5 glcm3,porosity ofOAO. organic cafbon 
content of 0.26%. and a volumetric moisture content of 29.5%_ Additional parameter values used in the • 
model included a disconnectedness index of 10.0 and an intrinsic permeability of 1-65 x 10-10 cm2

_ Of these 

00-00 I (doc )/08240 I' 5-14 
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8 Tables 5.14. SUntmary of leachate modeling results for the CMCOPCs· from the Burial Pit A, WAG 22 
8 
c: 
~ 
~ {:QPCs 
00 
N 

~ Cadmium 
Chromium 

Methylene chloride 
Chlorobenzene 
Chloromethane 

Exposure 
-- -- n_ - ---- - - -- _ - -1 

Predicted Cgw,max 
Concentration in tbe VCRS 

10.0 0.375 
55.0 1.95 

1.8 119 
18 66,441 

5.69 12.0 
88.31 53.4 
2.19 2.27 

Predicted Observed Cgw,max Groundwater 
Tmax in the VCRS RGOs 

Metalsa 

545 N/A 0.005 
415 0.91 0.10 

Radionllclidesb 

338 0.4 1.31 
5 99 276 

Volatile Organic Compoundsc 

4 N/A 5.00 
12 N/A 12.7 
4 -- N/A 1.33 

• 
Comment 

M 
M 

R 
R 

M 
R 
R 

These COPCs represent the constituents that were selected for SESOIL modeling. 
2 It should be noted here that the predicted Cgw, maxi" the UCRS represent the peak leachate concentration before reaching the water table based on contaminant leaching from 

VI 
I ..... 
VI 

the existing source concentrations. 
(/ Concentations of all inorganic compounds are expressed in mglkg or mg/L. 
b Concentrations of radionudides are expressed aspCi/g or pCi/L. 
, Concentrations of organic compounds are expressed as J.-lglg or J.-lglL. 
M=MCL 
R = Risk-based 
N/A = Not available 



Tables 5.15. SUntmary of leachate modeling results for the CMCOPCs· from the Burial Pits RIC, WAG 22 

cOPCs 
Jtxposure 

concentration 

. . . z 
Predicted Cgw,max 

in the VCRS Predicted T max 
Observed Cgw~x 

in theUCRS. 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Mercury 

41 
23222 
165.1 

371.08 
31,933 

2.04 

2.48 
13.61 
6.96 
19.72 
634 

0.009 

Metals 4 

254 
784 
524 
391 
456 
114 

19.0 
656.5 

879 
3,555,651 

Radionuclidel 
327 

4 

Benzene 
Methylene chloride 
Toluene 

34.7 
20.52 
753.4 

62.2 
60.5 
678.2 

2,4,6"Trichlorphenol 41 3.25 
2,4-Dimethylphenol 5,034 11,390 
Hexachloroethane 34.0 0.8 

Volatile organic compoundsc 

6 
4 
9 

Semivolatile organic compoundi 
215 
10 

585 
I- These copes repr~sent the constituents that were selected for SESOIL modeling. 

0.28 
4.3 
N/A 
0.91 
0.46 

0.0011 

0.4 
99 

12 
N/A 
59 

N/A 
4.4 

N/A 

Groundwater 
RGOs 

0.05 
2 

0.005 
0.1 

0.602 
0.002 

1.31 
276 

5 
5 

1000 

3.99 
230 
3 .. 29 

Coinn1ents 

M 
M 
M 
M 
R 
M 

R 
R 

M 
tv! 
M 

R 
R 
R 

2 It should be noted that the predicted Cgw.ll1a, in the UCRS represent the peak leachate concentration before reaching the water table based on contaminant leaching from the 
existing source concentrations. 

a Concentrations of all inorganic compounds are expressed as mglkg or mglL 
b Concentrations of radionuclides are expressed as pCitg or pCitL 
C Concentrations of organic compounds are expressed as gig or giL 
M =MCL . . 

R = Risk"based 
Nt A = Not available 

• • • 
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'fable 5.16. Summary of leachate llloijeIJllg results for the COPCs1 from the Burial Pit F, WAG 22 

Exposure Predicted Cgw.max 2 Observed Cgw.m3X Groundwater 
. concentration . in the VCRS Predicted T max in the VCRS RGOs Comments 

RadiOllllc1idesa 

0.04 1.73 338 0.4 1.31 R 
4.17 26,430 5 99 276 R 

Semivolatile organic compoundi 
0.75 1.69 8 0.21 N/A 4-Methylphenol 

I These COPCs represent the constituents that were· selected for SESOIL modeling. 
It should be noted that the predicted CgW.llIU' in the UCRS represent the peak leachate concentration before reaching the water table based on contaminant leaching from the 
existing source concentrations. 

a Concentrations of all inorganic compounds are expressed as mg/kg or mg/L. 
b Concentrations of radionuclides are expressed as pCi/g or pCi/L. 
C Concentrations of organic compounds are expressed as gIg or gIL. 
M =MCI,. 
R '=' Risk-based 
N/A = Not available 



VI 
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Table 5.17. Summary of leachate modeling results for the COPCs) from the Subsurface Soil Outside Pits, WAG 22 

Exposure Predicted Cgw,inaii 2 ObServed Cgw,mall 
cOPCs 

Arseni<;: 
Barium 
Cadmium 
Chromium 

concentration 

3.143 
104.3 
1.85 

21.45 

~.36 
280.0 

in the UCRS 

1.06 
8.92 
0.37 
2.37 

428.58 
977,625 

Methylene chloride 87.1 710.4 

Predicted t mn 

Metalsa 

265 
827 
557 
419 

Radionuclidel 
360 
5 

Volatile organic compoundsc 

4 
I These COPCs represent the constituents that were selected for SESOIL modeling. 

in theUCRS 

0.28 
4.3 
N/A 
0.91 

0.4 
99 

N/A _ 

Groundwater 
RGOs 

0.05 
2 

0.005 
0.1 

1.31 
276 

Comments 

M 
M 
M 
M 

R 
R 

M 

It should be noted that the predicted Cgw.Il"" in the VCRS represent the peak leachate concentration before reaching the water table based on contaminant leaching from the 
existing source concentrations. 

a Concentrations of all inorganic compounds are expressed as mglkg or mglL. 
b Concentrations of radio nuclides are expressed aspCi/g or pCi/L. 
C Concentrations of organic compoun<Js are expressed as gIg or giL. 
M=MCL 
R:;: Risk-based 
N/A = Not available 

• • • 
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parameters, porosity, density, and disconnectedness index represent default values for silty-clay, and organic 
carbon content represents average measured value. The volumetric moisture content and the intrinsic 
permeability were derived during calibration of the model toa percolation rate of 4.3 in.lyear. 

The SESOIL model was set up using three layers extending from the top of the HU 2 to the top of 
the RGA at 45 ft bgs. The first layer of the model extended from top of the HU 2 to the top of the 
confining zone and corresponds to the contaminated zone. This layer was divided into five· sublayers and 
contaminant loading was performed in each of these sublayers that represented the back-calculated soil 
concentrations. The second layer extended. from the top of the confining zone ,to the top of the RGA and 
formed the leaching zone. This layer also was divided into five sublayers for better resolutions. The third 
layer of 0.5 ft was used to read the output .concentrations at ,the water table. The application parameters 
for constituents from UCRS modeled using SESOIL could be found in Appendix D of the RI ·document. 
Table 5.18 presents the re~ultsof SESOIL modeling. 

AT123D M9deling in the RGA. The AT123D is an analytical groundwater pollutant fate and 
transport model. It computes the spatial'-temporal concentration distribution of wastes in the aquifer 
system and predicts the transient spread ofa contaminant plume through a groundwater aquifer. The fate 
and transport processes accounted for in ATn3D are advection, dispersion; adsorption/retardatiori, and 
decay. This model can be used as a tool for estimating the dissolved concentration of a chemical in three 
dimensions in the groundwater resulting from a mass 'release ,over' a source area (point, line, area, or . 
volume source). The modelcanhandleinstilOtaneous, as well as continuous, source loadings of chemicals of 
interest at the site. 

Six organic compounds and one radionuclide were selected for AT123D modeling in the RGA, 
based' on source loading from UCRS predicted by SESOIL.Contributions from all SWMUs 7 and 30. 
source units were combined before modeling the expected contributioris at thetwoRGA ,exposure points, 
the PGDP security fence, and the DOE property boundary.' Maximum concentrations·. at these two 
receptor locations were simulated for ,these constituents. Maximum concentrations at the end of 30 years 
of simulations also were predicted for these constituents. Table 5.19 presentstheresuIts.of ATl23D mode'ting. 

SWMM Modeling. SWMM model used in the surface-water analysis is a mathe~tical model for 
simulating flow and contaminant transport in watershed and in drainage channels. The model was 
developed ,by EPA (Huber and Dickinson 1988) and is widely recognized and accepted for simulating 
runoff quantity and quality due to rainfall. The model, simulates time-varying hydrologic conditions, 
rainfall excess for runoff, infiltration, runoff flows, and movement of contaminants for a specified: 
rainfall period. The conceptual surface-water flow model was used as.a basis to form the initiarSWMM 
numerical model for the site. This model was refined using site hydrologic data ~specifically, rainfall), 
site physical characteristics (soil, topography),surface soil geologic. characteristics, surface-water 
drainage patterns, and contaminant concentration data from the field'. Washoffand runoff parameters for 
the surface-water. model were determined ,by calibration with surface-water contaminant levels from the 
RI database. The simulated peak concentrations .at the west drainage ditch due to transport of 
contaminantsthroligh the north and'south ditches are shown in Table 5.20; Fate and transport modeling 
forSWMUs 7 and 30 yielded the following resuhs: 

• Technetium-99 contamination det:ived from the area was a current problem in both groundwater 'and. 
surface water. 

• Uranium isotopes will become the primary groundwater contaminant from the SWMUs over the 
1 ,ODD-year period modeled. 
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Table 5.18. Summary of leachate modeling results for t~e COPCs· from the VCRS, WAG 22 

COPCs 

Mercury 

I, 1 , I-TriChloroethane 
1,2-Dichloroethane 
1,1-Dichlorethene 
1,2-Dichloroethene 
cis-1,2-Dichloroethene 
4-Methyl-2-2-pentanone 
Acetone 
Benzene 
Chloromethane 
Methylene chloride 

Y' Trichloroethene 
~ Vinyl chloride 

Exposure 
concentration 

0.09 

355.6 

94.77 
0.59 
3.89 

1591.9 
406.1 
0.09 
2.54 
1.93 
0.03 
18.47 
464.4 
362.7 

6189.3 

Predicted Cgw,ma/ Observed Cgw,mall 
in the VCRS Predicted t mall in the VCRS 

Meta/sa 
0.0042 405 0.0012 

Radionuc1ides" 
763,627 14 3,670 

Volatile organic compoundsc 

27.5 26 1.3 
0.32 14 3 
0.31 16 3.7 
281.3 18 110 
133.7 13 140 
0.09 10 2.9 
2.73 9 430 
0.48 16 N/A 
0.01 10 14 
9.40 10 N/A 
56.53 20 19,000 
15.21 12 N/A 

Semivolatile organic compoundsc 

1983.42 30 . N/A 2,4-Di l11eth yl phenol 
I These COPCs represent the constituents that were selected for SESQIL modeling. 

Groundwater 
RGOs. 

0.002 

276 

200 
5 

136 
149 
N/A 
1510 

5 
1.33 

5 
5 
2 

230 

Comments 

M 

R 

M 
M 

R 
R 

R 
M 
R 
M 
M 
M 

R 

2 Predicted Cgw.ma, in the RGA represent the predicted peak leachate concentrations due to contaminant leaching from existing source concentrations or from the contamination 
already present in the UCRS. 

a Concentrations of all inorganic compounds are expressed as mglkg or mg/L. 
b Concentrations of radionuclides are expressed as pCi/g or pCi/L. 
C Concentrations of organic compounds are expressed as gIg or gIL. 
M=MCL 
R = Risk-based 
N/A = Not available 
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Table 5.19. Summary of transport modeling in the RGA based on future contaminant loading from SWMUs 7 and 30 

Predicted maximum Predicted GW concentration at thePGDP Predicfed GW concentration at the DOE 
concentration beneath security fence in the direction of flow property boundary in the direction of flow 

Constituent Unit the source 30 years 100 years 30 years 100 years 
1.2~DCE )lg/L 27 16.8 24.3 5.2 5.2 
cis-12-DCE )lgIL 12.3 4.6 11.3 1.5 2.7 
fCE )lgIL 5.3 3.8 4.6 l.l l.l 
Methylene chloride IlglL 0.8 0.14 0.8 0.05 0.19 
Vinyl chloride )lgIL 1.0 0.15 0.96 0.06 .23 
2,4~Dimethylphellol)lgIL 200 174 1.74 4.1 40.7 
99Tc . pC ilL. 23,580 1996 21.686 1205 5077 

. Note·: All the constituenis ihat were identitiedasihe initial CMCOPCs in the source areas (i.e., SWMVs 7 and 30. and also the VCRS beneath the site) were modeled to the RGA. 
However. only the constituents that were predicted to arrive at the RCiA with concentrations exceeding their groundwater MCLslRBCswere modeled to the receptors using 
ATI23D and are shown in this table. All the concentrations shown in this table represent only the contributed concentrations and do not a(;count for the existing concentrations 
that have already contaminated the RGA groundwater. 



Constituent 
Nickel 
PAH 
PCB 
237Np 

~c 
23o.rh 

234U 
235U 
238U 

Table 5.20; Simulated peak concentrations at the west drainage ditch due 
to contaminant loading from North and South Drainage 'Ditches 

Unit 
mgIL 
~gIL 
~gIL 

pCin... 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCin... 

Surface-water concentrations. at the 
intersection of North, and West 

Ditches 
0.03 

44.84 
6.12 
O.ll 

99.88 
3.73 
12.77 
0.56 
24.39 

Surface water concentrations at the 
intersection of South and West 

Ditches 
0:02 

44.54 
5.57 
0;07 

102.39 
4.75 
17.71 
0.77 
33.83 

• VOCs will persist as a major groundwater contaminant until the area DNAPL source is depleted. 

• Several types of surface-water contaminants were associated with the SWMUs. 

To support development of the SWMUs 7 and 36 FS, additional modeling of ~c sources was 
performed. The report Technetium-99 Transport Modeling Results for Sources at SWM Us 7 and 30 at the 
Paducah Gaseous Diffsuion Plant, Paducah, Kentucky (DOE 1998b) documented the results. In the later 
simulations, SESOIL (GSC 1996a) and AT123D (GSC 1996b) were used to model each of five source 

• 

areas separately from its origin to the receptor points. The revised models showed that the SWMUs 7 and .• 
30 sources would not contribute 9~C at levels that exceed its cur:rent MCL at either exposure point. 

5.2.4 WAG 6 

The WAG 6 RI. as documented in Remedial Investigation Report for Waste Area Grouping 6 at the 
Paducah Gaseous Diffusion Plant, Paducah, Kentucky (DOE 1999a~, used MEPAS to model fate and 
transport of area contaminants through the RGA. Exposure was inodeled at the same two exposure points 
used in WAGs 7 and 30: the PGDP security fence and the DOE property boundary. The MEPAS 
modeling for: this WAG was conducted using source terms for eight of nine sectors delineated for this 
area. The ninth area (Sector 9) had no source delineated. 'Fhis sector was delineated only for purposes of 
assessing the presence and location of a dissolved contaminant Iplume originating from Sector 2. The 
WAG 6 model addressed all areas within theC400 block, including: SWMUs 11,40,47, and 203; the 
SWMU 26 abandoned pipeline running from C-400;and an area overlying a TCE and 99Tc plume exiting 
from the northeast comer of the C-400 complex. For each defined sector within WAG 6,constituents were 
modeled for both surface and subsurface sources. The source ter:rns for "Surface" and "Subsurface," 
respectively, apply ,to topsoil and theUCD (host formation of the VCRS). Modelers identified sources of 
undissolved contaminants w.ithin ,the lower Continental deposits (host formation of the RGA) for two 
sectors: Sectors 5 and 7. These source terms were identified as "RGA." Table 5 .21 summarizes the main 
attributes of the conceptual site model for WAG 6. 

MEPAS will handle a number of partially saturated zones, but restricts the user toone saturated zone. 
At ,the PGDP the primary saturated zone is the RGA, and this is considered the primary groundwater 
pathway through which contaminants can leave the site. 'Fo represent each SWMU within WAG 6 as 
accurately as possible, available geophysical logs. and borings were reviewed and a hydrogeologic conceptual 
model was developed for the MEPAS simulations. For each of the sectors modeled in WAG 6 two 
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Table. S.2I.Transport parameters used inthe model for WAG ,6 

Multi Media Modeling Summary 
Project Name 
Model Name 
Documented 

Universal 

Conceptual Modeli 

Media Represented; (soil, air. water, NAPI:..) 
,Geologic Units 

Hydraulic Parameters 
l'hickness . 
Conductivity 
Porosity 
Soil Saturation (%) 
Bulk Density 
T(!)C 
Dispersion 
Dispersion 
Groundwater Velocity 
Hydraulic Gradient 

Model Dimension 
VerticaL/Horizontal (2-D only) 

€OCs 
Source Terms 

ConstantlDegrading 
Points of Exposure 

Locations 

00-00 I (doc )/08240 I: 

WAG 6 
Multimedia Environmental Pollutant Assessment System (MEP AS) 
Remedial Investigation Repon for Waste Area Grouping 6 at the 
Paducah Gaseous Diffusion Plallt, Paducah, Kentucky, Vol. 1 
(DOEIOR/07-1727NI&D2) 

lJCRS 
HU2a 

UCRS 
HU2b HU3 

RGA 
UU4/HUS 

Not Saturated 

McNairy 
HU6 

Partially Saturated 
Zone Represented Zone 

Not 
Represented 

49 
0.3 
0.3 

0;14 
1.86 

0.4' 

Id 

ft 
ft/day (vert) 

8 source terms 
Degrading 
Fence Plant Boundary 

5500 3300 

5-23 

45 
il500 
0.37 
100 
L67 

50 
5 

0.6 
0.0004 

ld 

ft 
ft/day 

fl 
ft 

8 source terms 

Fence 
3300 

Plant Boundary 
5500 



model layers were used. The first layer was the partially saturated zone (VCRS). and the second was the • 
saturated zone (RGA). A complete description of the hydrogeology of this area maybe found in 
Appendix C of the WAG 6 RI report. 

No attempt was made to model a TCE DNAPL zone or a distinct ~c source in the RGA for WAG 6. 
Dissolved-phase levels in the Northwest Blume immediately. downgradient of C400 greatly exceeded 
risk-based action levels. Moreover, the off-site extent of this plume was well documented. It was felt that 
no additional insight likely would be gained by fate and transport modeling of these sources with the 
available definition of the sources. 

Instead, the model focused on measured soil contaminant levels and their effect on groundwater 
contaminant levels at the exposure points. With the exception of Sector 1, which was completely covered' 
by the C400 Building, distinct source units were modeled for surface soil and'subsurl'ace soil to support 
FS decisions. Over the lO;00O-year model period, several VOCsand metals were shown to be the main 
risk drivers originating from WAG 6. Tables 5.22 through 5.29 present the source term information for 
each sector for the all the constituents selected for fate and transport modeling from this WAG. The 
modeling results for WAG 6 are presented in Tables 5.30 through 5.37. 

5.2.5 WAG 27 

Remedial Investigation Report/or Waste A'rea Grouping 27 at the Paducah Gaseous Diffusion Plant. 
Paducah. Kentucky (DOE 1998c) included fate and' transport modeling using MEPAS' for four sites in the 
west and north ends of the PGDP: SWMU 00 1, SWMU091, SWMU 1'96, and the C-720 Complex. The 
site-specific models were based on a consistent set of hydrogeologic and transport parameters while varying 
the distance to the two exposure scenarios, the PGDP security fence and the DOE property boundary. • 
Table 5.38 presents the values assigned to key parameters of the conceptual site model for WAG 27. 
Tables 5.39 through 5.42 presents the ,transport parameters used for the WAG 27 MEPAS simulations. 

Soil contaminant levels provided definition of discrete surface soil, subsurface soil, VCRS, and 
RGA sources. where present, for each of the four sites. The contaminants to be modeled for WAG 27 were 
determined based on a screening process (discussion of the screening process is presented in the RI). 
Tables 5.43 through 5.46 present the source term information forthe contaminants that were selected for 
fate and i transport modeling from each SWMU. SWMUs 001 and 091 and the C-720 Complex shared 
common exposure points within the Southwest Plume, as documented by the WAG 27 RI. The exposure 
points for SWMU 196 were discrete locations on the north side of the PGDP. Like WAG 6, the fate and 
transport simulations addressed a + W,OOO-year time frame. SWMU '196 contained no copes for the 
groundwater pathway. Groundwater COCs from the other three sites principally included VOCs and 
metals. Radionuclides did not present a significant groundwater risk from WAG 27. The modeling results 
for WAG 27 are presented in Tables 5.47 through 5.50. 

The Modified Universal Soil Loss Equation (MUSLE) was used' to calculate sediment yield to the 
drainage ditches at SWMU 1'96 in WAG 27. The input parameters for SWMU 196 for the average 
monthly rainfaU( 4.19 inches, 720 hours ,per month) can be found in the Appendix C of the WAG 27 RI 
Report. The predicted sediment yield of 0.000545 tons/event was used to calculate contaminant loading 
for the single contaminant exceeding ,its PRG in surface soil, antimony. The reasonable max,imum 
exposure concentration is 62.2 mg/kg antimony (or 30.8 mg loading/event). 'Fhe result indicated that 
contaminant loading from SWMU 196 via overland transport should be minimal. 
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Contaminant 

Neptunium-237 

Notes: 

Level 

Y 
0.3 pCi/g 

No source modeled for the following: 

Table 5.22. MEPAS source terms for Sector Ii 

X-Axis 
(ft) 

V-Axis 
(ft) 

Subsurface Soil 

Z-Axis 
(ft) 

235 498 39 
Modeled as distributed across sector. 
Z-axis assumes building backfill 
extends to 10 ft depth. 

Notes 

Maximum detection 

TCE: detections believed'to be due to Sector 4' source. Sector 4 source dimensions include contaminated volume beneath Sector 1. 
X~axis is east-west; Y-axis is north-south; Z-axis is vertical I (thickness). 

Table 5.23. MEPAS source terms for Sector 2 

X-Axis Y-Axis Z-Axis 
€ontaminant Level (ft) -(ft) (ft) Notes 

Surface Soil 
Phenanthrene 47OIlg/kg 230 210 1 Modeled over entire sector. 
lJranium"238 4.6 pCi/g 

Subsurface Soil 
2,6-Dinitrotoluene 4321lg/kg 182 180 49 Maximum detect of 5 detects (in Borings 400-003, 

400-005,400-006, and:400-008). this contaminant 
could not be modeled because it was absent from 
the MEPAS database. 

Chromium 54.3 mg/kg 101 41 49 Maximumdetect. Area around Boring 400-008. 
Dibenzofuran 5761lg/kg 51 76 2 From 0-2 ft. This contaminant ,could not be 

modeled because it was absent from the MEPAS 
database. 

N-Nitroso-di-n- 6341lg/kg 80 170 46 Maximum detect of 3 detects (in Borings 040~003 
Ipropylamine and I 400"008). 
Phenanthrene 4871lg/kg 101 117 6 Average of 2 detects + 112 of 62 non-detects. 

Detected in borings in southwestern portion of 
sector (400-005 and: 400"008) in soil' samples 
from 1-7 ft bgs. 

Thallium 2.3 mg/kg 58 53 2 Maximum detect (Boring 400-oo3~. >Detected in 
0-2 ft sample. 

Uranium-234 20.lpCi/g 53 129 38 Maximum detects. 
Uranium-235 0.7 pCi/g >Detected in SWMU40 area (Borings 40-005, 

40"007,40-008) and ,in, southeastern portion of 
sector «Borings 400c058 and 400-061). 

Uranium-238 20:2 pCi/g 2'110 230 49 Maximum detect. 
Modeled over entire sector 

Notes: 
The following detects were excluded from consideration in the subsurface in Sector 2 'because they only slightly exceeded the 
background levels: 
• Chromium - detected concentration of 39 mg/kg in Boring 040-002 at 11-15 ft bgs just exceeds background of 38 mg/kg. 
• Thallium- detected concentration of 0.9 mg/kg in- Boring 400-007 at 1-2 ft bgs just exceeds background of 0.7 mglkg. 
• Thallium- detectedconcentration'of 0.8 mg/kg in Boring 400-008 at 32-42 ft bgs just exceeds background:of 0.7 mg/kg 
• Thallium- detected: concentration. of 0.8 mg/kg in Boring 400-059 at 10-14 ft bgs just exceeds backgroundiof 0.7 mg/kg. 
In addition. 237Np was excluded from consideration because it had only-one detect in II samples (0.3 pCi/g in Boring 040-005 at 
7-11: ft bgs). There was a non-detect atO.1 pCi/g in the same boring. 
X-axis -is east-west; Y -axis is north-south; Z-axis is vertical' (thickness). 
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Table 5.24. MEPAS source terms for Sector 3 

Contaminant 

Arochlor-l'260 
Neptunium-237 
PCBs 

Phenanthrene 
~hallium 

Thorium-230 
Uranium-234 
Uranium-235 
Uranium-238 

Phenanthrene 
'I richloroethene 

Neptunium-237 

Notes: 

Level 

3,300 ILg/kg 
0.4 pCi/g 

10,000 lLg/kg 

1,200 IL g/kg 
1.2 mg/kg 
4.2 pCi/g 
7.1 pCi/g 
0.4 pCi/g 
9.IpCi/g 

706.31lg/kg 
1,502 11 g/kg 

0.3 pCi/g 

X-Axis 
(ft) 

122 

Y-Axis 
(ft) 

Z-Axis 
(ft) 

Source: Surface Soil 

234 1 

Source: Subsurface Soil 
70 135 4 
152 234 49 

70 234 49 

Notes 

Maximum detected values. 
Only two surface soil sampling 
Locations in Sector 3, so Modeled as 
distributed across 
Entire sector. 

Average of 3 detects. 
Average of 23 detects. Area includes entire 
sector plus a small/portion of the eastern 
side of Sector 1. 
Average of 8 detects. The area is centered 
around the 2 borings (011-001 and 011-002) 
with the 8 detects. 

No sources were modeled for the following subsurface contaminants because they were detected in only one sample: 
• Dibenzofuran (max detect =50 /Lg/kg). I detect, 43 non-detects. 
• N-Nitroso-di-n-propylamine (max detect = 331 /Lg/kg). I .detect, 43 non-detects. 
• Thallium(maximumdetect = 0.8mg/kg). r detect. 29 non·detects. The one detect value was only slightly above'the PRG. 
• Amcricium-241 (maximum detect = 0.2 pCi/g). I detect. 35 non-detects. 
In addition. Uranium-238 was not modeled in a subsurface source because it was only detected once above the 2 times 
background value in 35 detects. This maximum detect value (2.5 ,pCi/g) only slightly exceeded 2 times background (2.4' pCilg). 
X-axis is east-west; Y-axis is north-south; Z-axis is vertical (thickness). 
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Table 5.25. MEPAS source terms for Sector 4 

Contaminant 

Arochlor-l'262 
Phenanthrene 

1,1, I-Trichloroethane 
Trichlorofluoromethane 
1,1,2-Trichloroethane 
1,I-Dichloroethene 
Carbon Tetrachloride 
Chromium 
Phenanthrene 
Tetrachloroethene 
Neptunium-237 

Cis-l,2cDichloroethene 
Trichloroethene 

Trans-l,2-
Dichloroethene 
Vinyl Chloride 
Plutonium-239 
Notes: 

Level 

2,400 J! g/kg 
1.7 J!g/kg 
530 J!g/kg 
950 J!g/kg 
710 J!'g/kg 
51.6 mg/kg 
250 J!glkg 
690 J!g/kg 
0.29pCi/g 

2,400 J!g/kg 
1'1,000,000 

Ilg/kg 
34,OOOJ! g/kg 

130 J!g/kg 
0.2 pCi/g 

No source modeled! for the following: 

X-Axis 
(ft) 

Y-Axis 
(ft) 

Z-Axis 
(ft) 

Source: Surface Soil 
196 221 1 

Source: Subsurface Soil 

65 65 9 

65 65 49 

196 22il 49 

130 63 49 

Notes 

Only one surface soil analysis available. 
Modeled as distributed across sector less 
area covered Iby concrete apron. 

Detected in Boring 400-200 only. 
Only at 5-9 ft bgs. 

Detected in Boring 400-200 only. 

Modeled as distributed across sector less 
area cover by concrete apron. 

1'-35': J:l5' x 34' 

36'-50': 147' x 1'20' 

- Chloromethane (max detect = 270JLg/kg)and lodomethane (max detect = 430 ltg/kg): Boring 40(}'0I4. Only detected at 
45' -49' ·interval. 

-Chromium-detections in Boring 400-103 (at 9'-13' interval): detection = 38.3 mg/kg, PRG = 38 mg/kg. 
- Cobalt detections in Borings 400~068 (at 13' -IT interval) (14,2 mg/kg) and 400-016 (at 16'-20' interval) (16.1 mg/kg): 

these detections. are only slightly abovebackground{13 mg/kg) and unrelated geographically. 
- Cobalt (at 126 mg/kg) and lead (at 82.5 mg/kg) detections in Boring 0111-006 (at.36' -40' interval,): only low levels of 

detections of cobalt and lead above and below interval - ,no ,local source known. 
- Lead in Boring 400- 138 (at 4' -8' interval) (24.5 mg/kg): isolatedideteetiononly slightly above background (23 mg/kg). 
- N-Nitroso-di-n-propylamine (447 lLg/kg): singular detection in Boring 4Q(}.069 '(at .J3' -liT interval). 
-Thallium-detections in Borings 400-066 (at 13'-11' interval)(0:9 mg/kg) and 400- 139 (at·4' "8' interval) (1.1 mg/kg): 

detections only slightly above PRG (0.7 mg/kg) and geographically unrelated. 
- Uranium-238: detected above·background i levels in only 3,of 139 analyses. 
- Vinyl chloride in iBoring 400-201 (at 4' -8' interval): detection of 3.000 lLg/kg is one order of magnitude above all, other 

detections (\0). 
No water sources were modeled. All water contaminants (TCE and tralls-l.2~DCE) are .subsurface soil contaminants. 
X-axis,is east-west; Y -axis is north-south: Z-axis is vertical (thickness) . 
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Contaminant 

Acenaphthylene 
Benz(a)anthracene 
Benz(a)pyrene 
Benz(b )fluoranthene 
Benz(k)fluoranthene 
Chromium 
Dibenzofuran 

Neptunium-237 
Phenanthrene 
Plutonium-239 
Technetium"99 
Thallium 
Uranium-234 
Uranium-235 
Uranium"238 

Cis-I,2-I:>ichloroethene 
Trans-I,2-Dichloroethene 
Vinyl Chloride 
lodomethane 

Americium-24I 
Cesium-I 37 
17halJium 

Uranium-235 
Trichloroethene 

Notes: 

l'able5.26. MEPAS source tenm for Sector 5 

Level 

2924 pglkg 
7600pglkg 

13,000 pglkg 
9800 pglkg 
8751llglkg 
48 mglkg 
429pglkg 

0.13 pCi/g 
5197.pglkg 
O.lOpCi/g 
11.8.pCi/g 
1.2 mglkg 
4.9 pCi/g 
0.27pCi/g 
7.0 pCi/g 

1000 pglkg 
15,300 pglkg 

35 p.glkg 
700 pglkg 

I pCi/g 
0,31 pCi/g 
1.6 mglkg 

0.4 pCi/g 
168,200 
p.glkg 

X-Axis 
(ft) 

Y·Axis 
(ft) 

Z-Axis 
(ft) 

Source: Surface Soil 

350 250 
Modeled as distributediacross sector 
less area covered by concrete apron 

Source: Subsurface Soil 

250 85 49 

55 45 18 

350 336 49 
Modeled as distributed across 

entire sector 

59 45 49 

Modeled· as discrete source 
centered on Boring 400-015 

Notes 

Average of I detect and 112 of 4 non-detects 
A verage of 3 detects - no non-detects 
I analysis 
Average of 2 detects - no non-detects 
I analysis 
I analysis 
A verage of 3 detects .and' 2 non-detects 
(used max detect level) 
A verage of I detect and 2 non,detects 
A verage of 5 detects 
Average of I detect and 112 of2non-detects 
Average of 3 detects 
A verage of 2 detects - no. non-detects 
A verage of 3 detects 
Average of I detect and 2 non-detects 
A verage of 3 detects 

Modeled as discrete source 
Along storm,sewer 

Detected in Boring 400-0115 only. Only at 
8' -12'. 3 non-detects beginning at 19' depth. 
Single analysis 
A verage of 29 detects 
Maximum.of 2 analyses 

Maximumof 2 analyses 
Maximumdetection 

No subsurface source modeled for the following: 
o N-Nitroso-di-n-propylamine (582 ltg/kg): singular analysis for Boring 4()(}'088 (at 6' -10' interval). 
o Tc-99: 2 of 56 detections above background (2.8 pCi/g). 3.1 pCilg in 4()(}' i 92 at 16' -20~ only slightly above background. 7:3 pCi/g in 

400-141 at 0'-4' attributed to surface soils. 
o U-234: I detection (2.7 pCi/g in 400-141 at 0' -4'.) of 69 analyses only slightly above background (2.4 pCi/g). Higher activity attributed to 

surface soils. 
o U-238: 2 of69 detections above' background (1.2 pCi/g). 1.4 pCi/g in 400·145 at 4' -8' only slightly above background. 4.6.pCi/g in 400-

>1'41 at 0'-4' allributedrto surface soils. 
NO'water sources were modeled. :l:Jnfiltered water samples yielded detections of the following at levels above the higher of background or PRG 
reference levels. . 

Boring 400-017 (at 33' - 43'): 
Metals: none 
Organics: TCE 
Radionuclides: none 

Boring 400-018 (at 38' - 40'): 
Metals: AI. As. Ua. Be. Ca. Cr. Co. Cu. Fe. Pb. Mg. Mn, Hg. Ni. K. Na. V. Zn 
Organics: TeE 
Radionuclides: Pb-212. K-40. Th-228. Th-230. Th-232, U-233/234. Uc 238 

X-axis is east-west; Y-axis is north-south; Z-axis is vertical (thickness). 
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Table S.27. MEPAS sourCe terms for Sector 6 

X·Axis Y·Axis Z-Axis 
Contaminant Level (feet) (feet) (feet) Notes 

Sur/ace Soil 
2-Methylnaphthalene 44 ~glkg Detected in boring 400-044 only. 
Di benz( a;h)anthracene 3,200 ~glkg 225 200 Detected in boring 047-002 only. 
Dibenzofuran 942 ~g/kg Average 'of detect in boring 047-002 

and 112 non-detect in boring 400-044. 
Americium-24I 0.2 pCilg 
Cesium-B7 1.5 pCilg 
Neptunium-237 l' pCilg 20 20 Detections in 
Technetium-99 53 pCilg Modeled.as 20' x 20' bermed Boring 047-002 
Thorium-230 6;4 pCilg area. Non-detect and below 
Uranium-234 3'1.'1 pCilg background in Boring 400-044. 
Uranium-235 1.9 pCi/g 
Uranium-238 39.5 pCilg 20 20 ,1' Activity ,in boring 047-002. Also 

detected at 3 pCilg in 400-044. 
Subsurface Soil 

Americium-241 0.2 pCi/g 225 200 49 Average of <}, detect andl2 non-detects. 
Neptunium-237 0.2 pCilg 20 20 25 Boring 047-002. Non-detect at 26'. 
Technetium-99 8,1 pCi/g Boring 047-002. 
Uranium-234 41.7 pCi/g 20 20 7 Non-detects and' 
Uranium-235 2.2 pCi/g background 
Uranium-238 42.8 pCi/g levels @ S'. 
tralls-l,2-Dichloroethene 2,500 ~glkg 50 200 49 Maximum detect. 
Trichloroethene 1,700 ~g/kg X-axis determined I by < 5 Maximum detect. 

detects in boring 400-041 of 
Sector 5. 

No source modeled for: 

• Chromium (493 mg/kg): single analysis in boring'400-076 @ 14'-18' interval. 
• Benz(a)anthracene ( 18;000 Ilg/kg). Benz(a)pyrene (16;000 Ilgikg). Benz(b )fluoranthene ( 17 .000 Ilg/kg)~ 

Benz(k)fluoranthene (11,000 Ilgikg): single analysis for each contaminant (surface soil sample) in boring047~002. not 
expected to be a site contaminant. 

X-axis is east-west; Y-axis is north-south . 
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Table '5.28. MEPAS source terms for Sector 7 • X-Axis V-Axis Z-Axis 

Contaminant Level (ft) (ft) (tt) Notes 

Source: Sur/ace Soil 
Chromium 66 mglkg 290 195 :l Detected in both surface soil samples. 

Uranium-238 3.2 pCi/g Modeled as distributed over Detected in one surface soil sample. 

surface of entire sector. 
Source: Subsurface Soil 

Americium-241 0.4 pCi/g 200 70 21 Maximum detect. Detected in 3 borings in 
northern portion of sector. 

Neptunium-237 0.8.pCi/g 90 110 34 Maximum ,detect. 

Antimony 0.85mglkg 290 195 49 Average of9 detects+ 112 of 21 non-detects. 
(Higher value than average of detects.) Modeled 
over entire sector. 

Mercury 029 mg/kg 290 195 34 Average of 17 detects + 1/2 of 13 non-detects 
(Higher value ,than average of detects.) 

~echnetium-99 3.16 pCilg 290 195 34 Average of 17 detects. Modeled over entire 
sector. Not detected' in samples below 32 ft. 

Thorium-230 1.2 pCi/g 290 195 49 Average of 18 detects. Modeled1over entire sector 
and entire thickness of UCRS. 

Trichloroethene 562 Jlglkg 130 160 15 Average of 4 detects + 44 non-detects. Area 
includes portion of central sector under the NW 
corner of C-400 Bldg. TCE source area centered 
around Boring 203-003. 

Uranium-234 1.1 pCi/g 290 195 34 Average of 18 detects. Modeled over entire 
sector. Not detected in samples below 32 ft. • Uranium-235 0.4 pCi/g 150 70 2 Maximum detect. Area defined by two detects in 
northern portion of sector in shallow soil. 

l:lranium-238 1.6,pCi/g 290 195 34 Average of li8 detects. Modeled over entire 
sector. Not detected in samEles below 32 ft. 

Notes: 
Sources were not modcIed for the following contaminants because they were detected: only once in the subsurface soils: 
o N-Nitroso-di-n-propylamine 
o Phenanthrene 
o Plutonium-239 
X-axis.is east-west; Y-axis is north-south; Z-axis is vertical (thickness). 
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Table 5.29. MEPAS souree terms for Sector 8 

Contaminant Level 

Neptunium-237 0,6 pCi/g 
Phenanthrene 700ILg/kg 
Plutonium-239 0.4 pCi/g 
Technetium-99 17,0 pCi/g 
Uranium-238 4.6 pCi/g 

Americium-241 0.6 pCi/g 
Cesium-I 37 ILl pCi/g 
Chromium 140mg/kg 
Copper 390mg/kg 
Nickel 467 mg/kg 
Phenanthrene UO ILglkg 
Plutonium-239 e.8 pCi/g 
Technetium-99 265 pCi/g 
Uranium-235 1.1 pCi/g 
Thorium-23e 3 pCi/g 
Neptunium-237 2.6pCi/g 
2,4-Dinitrotoluene 457 ILglkg 

Uranium-234 28.2 pCi/g 
Uranium-238 53.2 pCilg 
Notes: 

X-Axis 
(ft) 

Y-Axis 
(ft) 

Z-Axis 
(ft) 

Source: Surface Soil 
700 150 I 

Source: Subsurface Soil 
375 300 49 

1,500 206 49 

1.125 175 49 

675 211 49 

X-axis is east-west; Y-axis is north-south; Z-axis is vertical (thickness). 

Notes 

Maximum Detects. 
Contaminated areais 
associated with 
pipeline near Borings 
400-043 and 400-034. 

Maximum detects. 
Eastern part of pipeline only. 

Maximumdetects. Eastern and central 
:portion of pipeline area. 
Maximumdetect. Central portion of 
pipeline area. 
Maximum detects. 
Eastern and western ends of pipeline area. 

Table 5.30. MEPAS.results for Sector 1 

Plant Fenee Property Boundary 
'Max Cone. Time :MaxCone. Time 

Constituent (pCiIL) (year) (pCiIL) (year) 
Source: Subsurface 

237Np 3.77E-06 41i6 2.44E~06 478 
233

Pa 3.77E-06 41:6 2.44E-06 478 
233U 7.IIE-09 435 5.16E-09 497 
229TI! 1.50E-I0 455 1.19E-1O 497 
225Ra \.50E-I0 455 1.l9E-\O 497 
2.?5Ac 1.50E-I0 455 1.19E-1O 497 
Notes: 
Bold type denotes constituents which, were run from screening. 
Italic type denotes daughter product concentrations resulting from constituents listed in bold. 
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Table 5.31. MEPA:SresuitsforSector 2 • Plant Fence Property Boundary 
Max Cone. Time Max Cone. 'rime 

Constituent (mWL~(!CIIL) (year) (mgIL)(!ClIL) (year~ 

238U 
Source: Surface 
7,22E-OS 5.160 4,51E-OS 5.950 

234Th 7.22E-OS 5.160 4.51E-OS 5,950 
234U 1.05E-09 5.160 7.55E-1O 5,950 
230Th 2.4'IE-ll 5;160 2:00E-ll 5,950 
226

Ra 1.12E-ll 5.160 l.OIE-ll 5.950 
222Rn 1.12E-ll 5.160 LOIE-ll 5,950 
2iOPb 1.12E-l1 5.160 9:93E-12 6.1 SO 
21°81 1.12E-ll 5.160 9.93E-12 6,1SO 
210

po 1.12E-ll 5.160 9.92E-12 6.1 SO 
Phenanthrene 4.6SE-06 7.560 3.00E-06 7,9S0 

Source: Subsurface 
Chromium) 2.56E-53 10.000 O.OOE+OO NA 
N-Nitroso-di-propylamine 2.17E-02 24 l.37E-02 27 
Phenanthrene S:62E-06 7.SIO 5.41Ec06 S,450 
Thallium S,45E-04 31 4.94E-04 37 
238U 6.62E-06 7.3S0, 4.28E-06 8.050 
2J4Th 6.62E-06 7.380 4.28E-06 8,050 
234U 1.45E-07 7.870 1. 03 E-07 8,750 
230Th 5,17E-09 8,110 4.02Ec09 8,980 
226

Ra 3.05E-09 8,110 2.49E-09 8,980 
222RIl 3.05E-09 8.110 2.49E-09 8.980 
2JOPb 3.02E-09 8.110 2.47E-09 8,980 
2IoBi 3.02E-09 8.110 2. 47 E-09 8.980 • 210pO 3:02E-09 8.110 2.47E-09 8.980 
2.'4U 9.6IE-07 6,460 6.08E-07 7.580 
230Th 5.93E-08 7.130 4. 15E-08 7.820 
226

Ra 4. 13E-OS 7.130 3.02E-08 8~050 
235U 3.41E-08 6.640 2.16E-08 7.580 
231Th 3.4lE-OS 6.640 2.16E-08 7.580 
231

Pa 4.67E-09 7.130 3.26E-09 7.S10 
227Ac 4.65E-09 7.130 3.25E~09 7.SIO 
127T1• 4.65E-09 7.130 3.25Ec09 7.S10 
223

Ra 4.65E-09 7.130 3.25E-09 7.SIO 
IOid not reach maximum during model runs 
Notes: 
Bold type denotes constituents that were run from screening. 
Italic type denotes daughter products resulting from constituenlslisted in bold. 
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• Table 5.32. MEPAS results for Sector 3 

Plant Fence Property Boundary 
Max:Conc. Time Max Cone. Time 

Constituent (rngIL)(pCiIL) (year) (rngIL)(pCi/L) (year) 
Source: Surface 

PCB O.OOE+OO 10,000 O.ooE+OO 10,000 
Aroclor-126O O!OOE+oo 10,000 O.OOE+OO 10,000 
Phenanthrene 7.73E-06 7,560 4;66E-06 7,9S0 
235U 4.06E-09 5,160 2.39E-09 5,950 
2317:h 4.06E-09 5,160 2.39E-09 5,950 
2.11Pa 4.19E-10 5,160 2.S2E-1O 5,950 
227Ac 4.16E-10 5,160 2.S0E-10 5,950 
227Th 4.16E-1O 5.160 2.S0E-1O 5,950 
22.1Ra 4.16E-1O 5,160 2.S0E-10 5,950 
238U 9.25E-OS 5,160 5.43E-OS 5,950 
234Th 9.25E-OS 5,160 5.43E-OS 5,950 
2J.IU 1.35E-09 5,1'60 9.lOE-1O 5,950 
230Th 3.09E-11 5,160 2.4IE-11 5,950 
226Ra 1.44E-11 5,160 1.21E-11 5,950 
222RII 1.44E-11 5,160 'l.21E-11 5,950 
210Pb 1.42E-11 5,160 1.20E-11 5;950 
21081 1.42E-11 5,160 l'.20E-111 5,950 
21Opo 1.41E-ll 5,160 l'r.20E-11 5,950 
Thallium 2.09E~03 Jl L17E-03 37 

• 2JOrh (J) 3.29E-53 10,000 O.ooE+OO 10,000 
226Ra (J), 3.3 IrE-50 10,000 O.OOE+OO 1iO,000 
237Np 6.55E-OS 320 3.7SE-OS 359 
2.1.1Pa 6.55E-OS 320 3.75E-OS 359 
233

U 9.12E-11 320 5.S6E-,11 359 
229

Th 1.36E-12 320 1.07E-12 379 
225Ra 1.36E-12 320 1.07E-,12 379 
225Ac l.36E-12 320 1.07E-112 379 
nIl!) 7.lOE-OS 5,1'60 4.16E-OS 5,950 
2.1°Th 3.25E-09 5,1'60 2.19E-09 5,950 
226

Ra l:97E-09 5,160 1.42E-09 5,950 
Source: Subsurface 

Phenanthrene 7!02E-06 7,560 4.21E-06 . S,220 
mNp 5.77E-07 455 3.64E-07 497 
2J3

Pa 5.77E-07 455 3.64E-07 497 
2.1.1U 1.21E-09 493 S.4'lE-1O 537 
229

Th 2.79E-l1 512 2.15E-ll 537 
225

Ra 2.79E-ll 512 2.l5E-U 557 
225Ac 2.79E-lll 512 2.15E-ll 557 
TCE 2.91E-02 105 I.S5E-02 112 
(Did not reach maximum during model runs. 
Notes: 
Bold type denote constituents which were run from screening. 
Jtalic type denote daughter product concentrations resulting from constituents listed in .bold. 
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Constituent 

PCB 
Phenanthrene 
TC-99 
U-23S 
TH-234 
U-234 
TH-230 
RA-226 
RN-222 
PB-21O 
BI"210 
PO-21O 
TH-230 
RA-2261 

RN-2221 
PB-2101 

BI-2101 

PO-2101 

U-234 
TH-234 
RA-226 

101 -Dichloroethene 
Carbon Tetrachloride 
Chromium l 

Phenanthrene 
237Np 
23Jpa 
:m U 
229Th 
225Ra 
225Ac 
239pu 

T etrach loroethene 
CS-137 
TCE 
Vinyl Chloride 
Notes: 

Table 5.33. MEPAS results for Sector 4 

Plant Fenee 
Max Cone. Time 

(mgIL)(pCi/L) (year) 
Source: Surface 

O;OOE+oo 10,000 
6. 34E-07 7,559 
9.S5E-OS 2,090 
2.23E-OS 5,160 
2.23E-OS 5,160 
3.25E-1O 5,160 
7.47E-12 5,160 
3.47E-12 5,160 
3.47E-12 5,160 
3.42E-12 5,160 
3.42E-12 5,160 
3.41E-12 5,160 
2.23E-23 10,000 
2.24E-23 10;000 
2.24E-23 10;000 
2.24E-23 10,000 
2.24E-23 10,000 
2.24E-26 10,000 
2.00E-OS 5,160 
9.17E-1O 5,160 
5.55E-1O 5,160 

Source: Subsurface 
4. 14E-03 62 
4.S7E-04 3S6 
2.69E-53 10,000 
6.36E-06 1O,2S0 
1.47E-06 455 
1.47E-06 455 
3.0SE~09 493 
7.07E-ll 493 
7.07E-ll 493 
7.07E-l1 493 
1.22E-OS 10,200 
6.44E-04 2S5 
O.OOE+OO 10,000 
5.00E+Ol 105 
1.14E-03 54 

Bold type denotes constituents which were run from screening. 

Property Boundary 
Max Cone. Time 

(mgIL)(pCi/L) (year) 

O;OOE+OO 
4.03E-07 
6.l'3E-OS 
1!.39E-OS 
1.39E-OS 
2.32E-1O 
6.14E-12 
3.lOE-12 
3.IOE-12 
3.05E-12 
3;05E-12 
3.05E-12 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
1.24E-08 
6.53E-I0 
4.22E-1O 

2.50E~03 

2.94E-04 
O;OOE+OO 
3.S9E-06 
9,OSE-07 
9.0SE-07 
2.09E-09 
5.31E-11 
5.31E-ll 
5.31E-l1 
7.00E-09 
3.S9E-04 
O.OOE+OO 
3.17E+Ol 
7.27E-04 

10,000 
7,979 
2,335 
5,951 
5,951 
5,951 
5,951 
5,951 
5,951 
5,95.} 
5,95;1 
5,951 
10;000 
10;000 
10;000 
10;000 
10,000 
10,000 
5,950 
5,950 
5,950 

67 
406 

10,000 
10,830 

497 
497 
537 
557 
557 
557 

U,960 
29S 

10,000 
112 
61 

Italic type denotes.daughter.product concentrations-resulting from constituents listed in bold. 
IDid not reach maximum during model runs. 
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• Table 5.34. MEPAS results for Sector 5 

Plant Fence Property Boundary 
MaxConc. Time MaxConc. Time 

Constituent (mgIL)(pCiIL) (yr) (mgIL)(pCiIL) (yr) 
Source: Surface 

Acenaphthylene 2: 66E-04 1,336 1.71E-04 1.4'19 
Benz(a)anthracene O.OOE+OO 10.000 O.OOE+OO ,10.000 
Benz(a)pyrene O.OOE+OO '10.000 O.OOE+oo ,10.000 
Benz(b )Duoranthene O.OOE+OO 10.000 O;OOE+oo 10.000 
Benz(k)Duoranthene O.OOE+oo. 10.000 0100E+OQ 10.000 
Chromium O.ooE+OO 9.799 O!OOE+OO 10.000 
1l7Np 5.43E-OS 320 3.4'1E-OS 359 
233Pa 5.43E-OS 320, 3.'UE-OS 359 
233U 7.57E-Il 320 5.50E-Il 379 
229Th I.13E-12 320 9.73E-13 379 
225Ra I. 13E-12 320 9.72E-13 379 
225Ac 1.13E-12 320 9.72E-13 379 
Phenanthrene S.57E-05 7.559 5;66E-05 7.979 
lJ9Pu 9.9IE-1O 10.200 6.02E-1O 11.750 
"Tc 7.44E-07 2.0SS 4.80E-07 2,335 
Thallium 5.35E-03 31 3.29E-03 37 
l34U 11.25E-07 5,162 S.04E-OS 5,953 
230Th 5.73E,09 5.162 4.24E-09 5.953 
226Ra 3.47E-09 5.162 2.74E-09 5.953 
1lst; 7.00E,09 5.163 4.51E-09 5.951 
23JTh 7.00E-09 5.163 4.51E-09 5.951 
i3Jpa 7.22E-I0 5.163 5.31E-1O 5.951 
227Ac 7.ISE-1O 5.163 5.29E-1O 5.951 

• i27Th 7.ISE-1O 5.163 5.29E-1O 5.951 
223Ra 7.ISE-to 5.163 5.29E-!1O 5.951 
138U 1.82E-07 5.163 I.ITE-OT 5.95.1 
234Th I.S2E-07 5.163 I. 17E-07 5.951 
234U 2:6SE-09 5.163 \.96E-09 5.951 
HOTh 6:0SE-II 5.163 5.19E-II 5.951 
226Ra 2.S3E-II 5.163 2.62E-II 5.951 
227Rn 2.83E-l1 5.163 2.62E~11 5.951 
2JOPb 2.7SE-ll 5.163 2.5SE-II 5.951 
2 lOBi 2.7SE-II 5.163 2.5SE-I1 5.951 
2JOpo 2.78E-11 5;163 2.5SE-11 5.951 

Source: Subsurface 
Z4JAm 1.3SE-21 10.000 5.S2E-24 14;900 
1J7Cs O:OOE+OO 10.000 O.ooE+oo 10,000 
Th-230 1.94E-50 10.000 O.OOE+oo 10:000 
RA-226 1.9SE-50 10.000 O.OOE+oo 10.000 
TCE 2.53E-OI 105 I. 59E-0I 112 
Thallium 4.74E-OI 34 2.99E-01 39 
;U5U 7.9SE-07 5.160 5.IOE~07 5.950 
23JTh 7.9SE-07 5.160 5.IOE-07 5.950 
23Jpa S.20E-OS 5.160 6.0I'E-OS 5.950 

Source: RGA 
1l7Np 6.17E-07 435 4.06E-07 47S 
233Pa 6. 17 Ec07 435 4.06E-07 47S 
233U 1.20E-09 455 8.75E-1O 517 
229Th 2.60E-I'] 474 2.IOE-'I'] 517 

Source:RGA 
225Ra 2.60E-I] 474 2.IOE-11 51,7 
225Ac 2:60E-'11 474 2.IOE-1I 517 • Notes: 
Bold type.denotes constituents that were run from screening. 
Italic type denotes daughter product concentrations resulting from constituents listed ·in bold. 
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Table S.3S. MEPAS results for Sector (; • Plant Fence Property Boundary 
Max Conc. Time MaxConc. Time 

Constituent (mg/L)~pCiIL~ ~ear) (mg/L)~2Ci/L) ~ear) 
Source: Surface 

2· Methylnaphthalene 1.27E-06 2,390 7.90E-07 2,530 
141Am 1. 54E-24 13,500 1.80E-27 14,900 
lJ7Cs O.OOE+OO 10,000 O.OOE+OO 10,000 
Dibenz(a,h,)anthracene O.OOE+OO 10,000 O.OOE+OO 10,000 
117Np 2. 26E-09 320 l.34E-09 359 
2J.lpa 2.26E-09 320 1.34E-09 359 
233

U 3.l5E-12 320 2.16E-12 379 
229Th 4.7l<E-14 320 3.8IE-14 379 
225

Ra 4.7'IE-14 320, 3.8IE-14 379 
225

Ac 4.70E-14 320 3.8IE-14 379 
99Tc 1.81 E-OS 2.090 1.IOE-08 2,340 
~ O.OOE+OO 10,000 O.OOE+OO 10.000 
114U 4.32E-09 5.160 2.6IE-09 5.950 
230Th \.97E-IO 5.160 1.38E-1O 5.950 
226Ra 1.19E-1O 5.160 8.90E-II 5.950 
llSU 2.67E-1O 5.160 1.63E-1O 5.950 
231Th 2;67E-1O 5.160 1.63E-1O 5.950 
231Pa 2.75E-II 5.160 1.92E-II 5.950 
227Ac 2.74E-II 5.160 1.91E-11 5.950 
227Th 2.74E-II 5,160 1.91E-11 5,950 
223

Ra 2.74E-1l 5,160 1.9IE-II 5.950 
118U 5.54E-09 5.160 3.37E-09 5,950 
234

TII 5.54E-09 5,160 3.37E-09 5,950 
234U 8.07E-I,li 5.160 5.64E-II' 5,950 .' 230TII 1.85E-12 5.160 1.49E-12 5,950 
226Ra 8.6IE-\3 5.160 7.52E-\3 5,950 
227RII 8.61'E-13 5.160 7.52E"\3 5.950 
2IoPb 8.48E-B 5,160 7.42E-\3 5,950 
210Bi 8.48E-13 5.160 7.42E-\3 5.950 
210po 8.47E-13 5,160 7.4IE-1O 5.950 

Source: Subsurface 
l,2-Dichloroethene 7.64E-02 2'1 4.78E~02 23 
24IAm 4.5IE-22 13,500 4.65E-25 14;900 
117Np 8.79E-09 378 5.4IE-09 438 
233Pa 8.79E-09 378 5.4IE-09 438 
233U 1.45E-II 397 I.03E-II 438 
229

Th 2.68E-13 397 2.IIE-\3 438 
225

Ra 2.68E-13 397 2.II 'E-,13 438 
225Ac 2.68E-13 397 2.1'IIE-13 438 
99Tc 2.24E-II 2.090 1.36E-08 2.340 
~hl 2.62E-50 10:000 O.OOE+oo 10,000 
226

Ra
l 2.64E-50 IOl000 O.OOE+OO 10.000 

Trichloroethene 9.s8E-03 105 6.03E-03 112 
114U 4.55E-08 5,410 2.74E-08 6,190 
23°7:11 2.18E-09 5.4'10 '1.50E-09 6,190 
226

Ra 1.35E"09 5.410 9.87E-1O 6.190 
llSU 2.43E-09 5,410 '1.47E-09 6,190 
231 Til 2.43E-09 5,410 1.47E"09 6.190 
231

Pa 2.62E-IO 5,410 1.80E-IO 6,190 
227Ac 2.6IE-IO 5,410 1.79E-IO 6,190 
227TII 2.61IE-1O 5.410 1.79E-IO 6,190 
223

Ra 2.ME-IO 5,410 1.79E-1O 6,190 
138U 5. 54E-09 5.160 3.37E-09 5,950 • 234T II 5.54E-09 5.160 3.37E-09 5.950 
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Table 5.35 •. (continued) 

Plant Fence 
Max Cone. 'J:ime 

Constituent (mgIL)(pCiIL) (year) 
Source: Subsurface (continued) 

8.07E-II) 5,'160 
L85E-12 5,160 
8.61:E-B 5.160 
8.61E-B 5.160 
8.48E-H 5,160 
8.48E-13 5.160 
8.47E-13 5.160 

Notes: 
Bold:type denotes constituents' that were run from screening. 
Italic type denotes daughter ,productHesulting from:constituents .listed in bold. 
IDidnot reach:maximum during'model runs . 
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Property Boundary 
Max Cone. Time 

(mg(L)(pCiIL) (year) 

5:64E-ll 
1.49E-12 
7.52E-13 
7:52E-13 
7.42E-13 
7.42E-J3 
7.41E-13 

5,950 
5,950 
5;950 
5,950 
5,950 
5,950 
5;950 



Table 5.36. MEPA:S results for Sector 7 

Plant Fence 
MaxConc. Time 

Constituent (mg/L)(pCi/L) ~t) 
Source: Surface 

Chromium O.ooE+oo 10,000 
138U 5.65E-08 5,160 
234T h 5.65E-08 5,160 
234U 8.22E-1O 5,160 
230Th 1.89E-ll 5,160 
226

Ra 8.77E-12 5,160 
227RII 8.77E-12 5,160 
210

Pb 8.63E-12 5,160 
2 lOBi 8.63E-12 5,160 
21O

pO 8.63E-12 5,160 
Source: Subsurface 

14IAm 2.85E-22 13,500 
Antimony 5.73E-03 707 
Mercury O;ooE+OO NA 
237Np 9.07E-07 397 
233

Pa 9.07E-07 397 
233U 1.61E-09 416 
229

Th 3.13E-ll 416 
mRa 3.12E-ll 416 
225Ac 3.12E-ll 416 
99Tc 5.35E-06 2,090 
lJOyh O.ooE+oo 10,000 
'Friehloroethene 3.84E-03 84 
z.wu 3.9IE-07 6,640 
23SU 3.33E-09 5,160 
23J T h 3.33E-09 5,160 
2JJ

Pa 3.44E-1O 5,160 
227 Ac 3A2E-1O 5,160 
227Th 3A2E-1O 5,160 
Z2.lRa 3.42E-lO 5,160 
mu 5.80E"07 6,640 
234

Th 5.80E-07 6,640 
234U 1.IOE-08 6,880 
nOTh 3.37E-1O 7,130 
226Ra 1.87E-IO 7,130 
227RII 1.87E-1O 7,130 
2JO

Pb 1.85E-IO 7,130 
210Bi 1.85E-1O 7,130 
210pO 1.85Ec lO 7,130 

Source: RGA 
Chromium l 6.91E-05 10,000 
Cobalt 2.74E-02 224 
Iron 8.18E+OI 377 
Manganese 5.7IE-OI 633 
Notes: 
Bold type denotes constituents that were run from screening. 
Italic type denotes daughter products resulting from constituents listed in bold. 
'Did not reach maximum during model runs, 
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Property Boundary • Max Cone. l'ime 
(mgIL )(I!CiIL) ~r) 

O.OOE+OO 10;000 
3.57E-08 5,950 
3.57E-08 5,950 
5.99E-1O 5,950 
1.58E~11 5,950 
7.98E-12 5,950 
7.98E-12 5;950 
7.87E-12 5,950 
7.87E-12 5,950 
7.87E-12 5,950 

2.91E-25 14,900 
3.58E-03 824 
O.ooE+oo NA 
5.69E-07 458 
1.13E-09 458 
2.49E-II 478 
2.49E-II 478 
2.49E-Il 478 
2.49E-II 478 
3.37E-06 2,460 
O.OOE+OO 10,000 • 2.1OE-03 96 
2.55E-07 7,350 
2.01'E-09 5,950 
2.0IE-09 5,950 
2.37E-1O 5,950 
2.36E-1O 5,950 
2.36E-1O 5,950 
2.36E-1O 5,950 
3.79E-07 7,350 
3.79E-07 7,350 
8,02E-09 7,580 
2.75E-1O 7,810 
1.60E-1O 7,810 
1.60E-1O 7,810 
1.58E-1O 7,810 
1.58E-1O 7,810 
1.58E-W 7,810 

L7IE-13 10,000 
1.33E-02 374 
3.96E+OI 631 
2.77E-Ol 1,060 

• 



• Table 5.37. MEPAS results for Sector 8 

Plant Fence Property Boundary 
Max Cone. Time Max Cone. Time 

Constituent (mgIL)(pCiIL) (yr) (mg/L)(pCi/L) (yr) 

237Np 
Source: Surface 

2.16E-07 320 1.50E-07 359 
233Pa· 7.99E-09 416 11.50E~07 359 
233U 3.00E-IO 320 2.44E-1O 379' 
229Th 4.49E-12 320 4.3+E-12 379 
225Ra 4.49E-12 320 4.3il'E-'12 379 
225Ac 4.49E-12 320 4.3'1IE-'12 379 
Phenanthrene 9.92E-06 7,560 7.29E-06 7.9S0 
239pU 3.40E-09 10.200 2.30E-09 II,SOO 
99Tc 9.24E-07 2,090 6.6IE-07 2.340 
238U 1.03E,07 5,160 7.37E-OS 5.950 
234Th L03E-07 5.160 7.37E-OS 5.950 
U4U 1.50E-09 5,160 1.24E-09 5,950 
230Th 3.44E-11 5,160 3;26E-ll 5,950 
226Ra .1.60E-11 5,160 1.65E-11 5.950 
227RII 1.60E-11 5.160 1.65E-11 5.950 
210Pb 1.57E-11 5,160 1.63E-11 6.ISO 
2 lOBi 1.57E-11 5.160 1.63E-111 6.1'SO 
21Opo 1.57E-11 5,160 1.63E-II' 6,I'SO 

Source: Subsurface 
2.4-Dinitrotolune 1.07E-01 47 3.73E-02 50 
24)Am) 2.97E-21 13,500 3.2IE-24 14,900' 
J37Cs 'O.OOE+OO 10,000 O.OOE+OO 10,000 
Chromium) 1.59E-26 10,000 O.OOE+OO 10.000 
Copper 4.00E-OI 9;505 2.56E-OI 11,100 

• 237Np 9.4IE-05 455 5.S2E-05 497 
233Pa 9.4 I E-05 455 5.S2E-05 497 
233U 1.97E-07 493 1.34E-07 537 
229Th 4.5 I E-09 493 3.40E~09 557 
225Ra 4.51E-09 493 3.40E-09 557 
225Ac 4.5IE-09 493 3.40E-09 557 
Nickell 1.25E-02 9,SI4 S.41IE-03 IO:S4O 
Phenanthrene 5.40E-05 10,500 3.63E-05 10;SOO 
239pU 5.67E-07 10,200 3.46E-07 11.960 
99Tc 1.14E-03 2,213 7.4SE-04 2.463 
2:lOoytJ ) 3.99E-50 10,000 O.OOE+OO 10,000 
234U 4.90E-05 5,162 3.4SE-05 5,953 
2.l°TII 2.0SE-06 5,162 I.S3E-06 5,953 
226Ra 1.36E-06 5.162 1.19E-06 5.953 
235U 2.04E-06 5.163 1.32E-06 5,951 
231TII 2.04E-06 5,163 1.32E-06 5:951 
VIPa 2.IOE-07 5.163 1.56E-07 5.951 
227Ac 2.09E-07 5.163 1.55E-07 5;951 
227TII 2.09E-07 5.163 1.55E-07 5.951 
223Ra 2.09E-07 5,163 1.55E-07 5,951 
238l!l 9.37E-05 5.163 6.67E-05 5.951 
2301TII 9.37E-05 5.163 6.67E-05 5.95,) 
2301U 1.36E-06 5.163 1.12E-06 5.95,). 
2.l°TII 3.nE-08 5,163 2.96E-OS 5,951 
226Ra 1.46E-08 5,163 1.49E-OS 6,IS4 

227RII 
Source: Subsurface 

1.46E-08 5,163 1.49E-OS 6,IS4 
210Pb 1.46E-08 5.163 1.47E-OS 6.IS4 
2 lOBi 1.46E-08 5.163 1.47E-OS 6.IS4 
21Opo 1.46E-08 5.163 1.47E-OS 6,IS4 

• Bold;type denotes constituents remaining after screening and run with:MEPAS. 
Italic type denotes. daughter productsresulting from' constituents listed in bold. 
Inid not ,reach maximum during'model runs. 
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Table 5.38. Transport parameters used' in.the model!for WAG 27 

Multi Media Modeling Summary 

Project Name: WAG 27 
Model Name: Multimedia Environmental Pollutant Assessment System (MEPAS) 

Documented: Remedial Investigation Report for Waste Area Grouping 27 at the Paducah Gaseous 
Diffusion Plant, Paducah, Kentucky, Vol. 4 (DOEIORl07-1777&Dl). 

Conceptual Model. 

Media Represented 
(soil,. air, water, NAPL) 

Geologic Bnits 

Hydraulic Parameters 

Thickness 

Conductivity 

Porosity 

Soil Saturation ( %) 

Bulk Density 

'FOe 

Dispersion 

Dispersion 

Groundwater 
Velocity 

Hydraulic Gradient 

Model Dimension 

VerticaLIHorizontal 
(2-D only) 

Source Terms 

ConstantlDegrading 

Points· of Exposure 

Locations 
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Universal 
UCRS 
HU2a 

Partially 

Saturated 

Zone 

40 

0.08 

0.45 

0.4 

1.46 

0.08 

0.39 

Id 

Degrading 

Fence 

BCRS 
BU2b 

Units 

ft 

ft/day (vert) 

Plant 
Boundary 

5-40 

HU3 
RGA 

HU4IHUS 

Partially Saturated 
Saturated 

Zone Units Zone Units 

15 ft 50 ft 

2.ooE-03 1500 ftJday 

0.45 0.37 

0.45 100 

1.46 1.67 

0.06 0;0002 

0.15 50 ft 

5 ft 

0.6 

0.0004 

Id 

8 source terms 

Fence 

3300 

McNairy 
HU6 

Not 
Represented 

Plant 
Boundary 

5500 

• 

• 
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Table 5.39. MEPAS transport parameters for Solid Waste Management Unit 1 

Input parameter description 

Textural classification 
Sand (%) 

Silt(%) 
Clay (%) 
Organic matter (%) 

Iron and aluminum(%) 

pH of topsoil 
Percent vegetative cover of the site 
(%) 
Topsoil wate~ capacity 

SCS curve number 

Parameter 
name Value 

Topsoil parameters (WI) 
WT-CLASS silt 
W'F-SAND 15 

WT-SILT 80 
WT-CLAY 5 
WT-OMC 0.05 

WT-IRON 4 

WT-pH 5.0 
WT-VEGCOV 95 

WT-AVAlLW 4.4 

WT-SCSN 71 

Reference 

McCracken Co. Soil Survey {USDA 1976) 
McCracken Co. Soil Survey: conservative 
estimate,(highest % sand) 
Maximum % silt for soil type 
= 100% -% sand - % silt 
CERCLAPhase II Site Investigation 
(CH2M HILL 1992), Table 5-1 
DOE 1995a (Background Concentrations 
and' Human Health Risk~Based Screening 
Criteria for Metals in Soil at the PGDP) 
McCrackeniCo.Soil Survey 
Mostly grass-covered 

McCrackeniCo. Soil Survey. 
= Available water capacity (.20 in/in) x root 
zone depth (23 in) x vegetative cover (95%) 
Antecedent moisture condition = II (noAnal 
moisture); Group'C hydrologic soil group; 
vegetated surface, well vegetated 

Properties of the partially saturated zones (WP) 
Thickness (ft) 

Textural classification 

Sand.(%) 

Silt (%) 

Clay (%) 

Organic matter content in soil(%) 

Iron + aluminum in soil (%) 
pH of pore water in partially 
saturated zone 
Bulk density(g/cm3

) 

Total porosity (%) 

Field capacity (%) 

Longitudinal dispersivity (ft) 

00·001 (doc )108240), 

WP-THICK WPl:39 1-40ft(HUl&HU2) Boringlbgsat 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP-OMC 

WP-IRON 
WP-pH 

WP-BULKD 

WP-TOTPOR 

WP-FIELDC 

WP-LBISP 

WP2: li5 40-55 ft(HU 3) SWMU 1 
WP 1 loam Boring logs at SWMU 1 

WP2 silty clay 
WP135.9 

WP28 

WP150 
WP238 
WP114 
WP254 

WPI0.08 
WP20.06 

4 
6.0 

WPI 1.46 
WP21.46 
WP145 
WP245 

WP127.8 
WP227.8 
WPI0.39 
WP20.15 

5-41 

Sieve analysis, 25-26.5 ft, H210 
SWMU 2 Geotechnical data ( 1,000 ft NE of 
SWMUl) 
Maximum % silt for soil type 
SWMU 2 geotechnical data 
= 100- % sd - % silt 

Average, WAG 27 RI, 7-40 ft 
Average, WAG 27 RI, 40-50 ft 
DOE, 1995a 
DOE 1995b 

Table2.1 ofMEPAS Guidance, [(2;65)(11-
Porosity)] 
Table 2.1 of MEPAS Guidance, based on 
soil, type; maximum porosity of 45% 
measured in some UCRS samples at WAG 6 
was used as upper ,limit of total porosity 
Table 2.1 of ME PAS Guidance, based on 
soil type 
MEPASGuidance: DL = 0.01 (Th) 



Table 5.39. MEPAS transport parameters for SoHd Waste Management Unit 1 (continued) 

Input 'parameter description 

Saturated hydraulic 
conductivity (ftJday) 

Moisture content for release 
site soils (%) 

Textural classification 
Sand.(%) 
Silt (%) 
Clay (%) 
Organic matter in soil(%) 
Iron + aluminum in soil(%) 
pH of:pore water in saturated 
zone 
Total porosity (%) 

Effective porosity (%) 
Darcy velocity (ft/day) 

Thickness (ft) 
Bulk density (ft,) 
Travel distance (ft) 

Longitudinal dispersivity (,ft) 
Transversedispersivity (,ft) 
Vertical dispersivity (ft) 
Total flux to aquifer (%) 
Perpendicular distance from 
groundwater flow to receptor (ft) 
Vertical distance below 
groundwater table (ft) 
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Parameter Value Reference 
name 

Properties of the partitllly saturated zones (WP) 
WP-CONDUC ftJday em/sec 

WS-MOISTC 

WP 1 0.08 3E-5 
WP22E-3 7.2E-7 

WPl: 40 
WP2:45 

Slug ,tests at SWMU 1 (Phase I. '1992) 
Slug tests at MW 128 (NW of SWMU 1) 
Shallow water table - moisture content 
approximates total porosity in WPl, equals 
total porosity in WP2. 

Properties of the saturated zone (WZ) 
WZ-CLASS sand (gravelly) RGA geotechnical data for SWMU 1 
WZ-SAND 96 Average, SWMU 1 geotechnical data 
WZ-SIL T 3 Average, SWMU 1 geotechnical data 

WZ-CLA Y 1 Average, SWMU 1 geotechnical data 
WZ-OMC 0.02 Average, WAG 6 RGA soil data 
WZ-IRON 3 Average, WAG 6, 62 -78 ft samples 

WZ-pH 6.2 Average pHofRGA groundwater at 

WZ-TOTPOR 

WZ-EFFPOR 
WZPVELOC 

WZ-THICK 
WZ-BULKD 

WZ-DIST 

WZ-LDISP 
WZ-TDISP 
WZ-VDISP 
WZ-FRACT 
WZ-YDIST 

WZ-AQE>EPTH 

37 

30 
0:6 

50 
1.67 

500ft security 
fence 

3,300 ft DOE 
property boundary 

50.0 
5.0 
0.1 
100 
o 

o 

5-42 

SWMU 1 (1998 sampling data), 
Conservative. based on WAG 6 
measurement 
Conservative estimate 
Conservative estimate. uses conductivity 
of 1.500 ftld and gradient of 4E-4 
RGA interval: 55-105 ft bgs 
(2.65 glcm3 x 0.63) 
Distance to PGDP security fence and DOE 
,property boundary (both west of SWMU 1,) 

(reference: Bioscreen groundwater model) 
(reference: Bioscreen groundwater model) 
- near zero 
Conservative estimate 
(plume centerline concentrations) 

(most conservative result) 

• 
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Table 5.40. MEPAS transport parameters for Solid Waste ManagementUnit9l 

Input parameter description 

Textural' classification 
Sand(%) 

Silt(%) 
Clay (%) 
Organic matter (%) 

Iron and a1uminum{%) 

pHof topsoil 
Percent vegetative cover of the 
site (%) 
Topsoil water capacity 

SCS curve number 

'Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%), 

Clay'(%) 

Organic matter content in soil 
(%) 

Iron + aluminum in soil ,(,%) 
,pH of pore water in partially 
saturated zone . 
Bulk density(g/cm3

) 

Total porosity (%) 

'Field capacity {%) 
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Parameter 'name Value Reference 
Top soil, parameters (WT) 

WT-CLASSsilt McCracken Co. Soil Survey (USDA 1976) 
WT-SAND 15 McCracken Co. Soil Survey: conservative estimate 

WT-SILT 
W1I-CLAY 
WT~OMC 

WTclRON 

WT-pH 
WT-VEGCOV 

WT-AVAILW 

WT-SCSN 

80 
5 

0.05 

4 

5.0 
20 

0.92 

86 

(highest % sand) 
Maximum % silt for soil type 
= 100% -% sand'- % silt 
CERCLA Phase II Site ,Investigation (CH2M HILL 
1992), Table 5-1 
DOE 1995a (Background Concentrations and 
HUman Health RiskcBased Screening Criteria for 
Metals in SoiJi at the PGDP) 
McCracken Co. Soil Sun<ey 
Mostly gravel cover,some grass cover. 

McCracken Co. Soil Survey 
= Available water capacity (.20 inlin),x root zone 
depth (23 in) x vegetative cover «();""20%) 
Antecedent Moisture Condition = II (normal 
moisture); Group C hydrologic soiI.group; bare 
soil, hard surface, 0-20% vegetated 

Properties of the partially saturated zones (WP) 
WP-THICK WPI 19 1-20 ft (HtJ I' + fill) Boring logs 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP-OMC 

WP-IRON 
WP-pH 

WP-Bt:JLKD 

WP2 f5 20-35 ft (HU 2) at 
WP3 n 35-48 ft (HU 3) SWMU 91 

WPlclay loam BOringlogsand,sieve analysis at SWMU 91 
WP2 sand' 

WP3 silty clay 
WPI33 

WP294.4 
WP38 
WPI37 
WP25 

WP338 
WPI30 
WP20.6 
WP354 

WP10:09 
WP20:07 
WP30:06 

4 
6.0 

WPI 1.59 
WP21.7 
WP31.46 

Sieve analysis. Geotek G-15 @ 15 ft (700 ft NW of 
SWMU 91.) 
Average, HU 2Aat SWMU 91 
SWMU 2 Geotechnical data 
Hydrometer, Geotek G-15 @ 15 ft 
Maximum % silt for soil type 
SWMU 2 Geotechnical data 
Hydrometer, Geotek G-15 @ 15 ft 
= 100, - % silt - % sand 
SWMU 2 Geotechnical data 
Average, WAG 27 RJ. 4-20 ft 
Average, WAG 27 Rl, 2(}""35 ft 
Average, WAG 27 RI, 35-50ft 
DOE 1995a 
DOE 1995b 

Table 2.1 of ME PAS Guidance. [(2.65)(1-
Porosity)] 

Properties of the partially saturated. zones (WP) 
WP-TOTPOR WPI40 WPI: Monsanto, 1996 Lasagna™ study; 

WP-FIELDC 

WP2 36 WP2: Mean total porosity of'UCRS sands & 
WP345 gravels based on WAG 6measurements; 

WP124 
WP29 

WP327.8 
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WP3: Maximum porosity of 45% measured'in 
some UCRS samples.at WAG 6 was used as uppe~ 
limit of total porosity for clay rich layers 
Table 2.1 of MEPAS Guidance, based on soil type 



Table 5.40. MEPAS transport parameters for Solid Waste Management Unit91 (continued) 

Input parameter description Parameter name Value Reference 
Properties of the partially saturated zones (WP) (continued). 

Longitudinal dispersivity (ft) WP-LDISP WPI 0.19 MEPAS Guidance: .Dt. = om (Th) 
WP2 0.15 
WP30:13 

Saturated hydraulic conductivity WP-CONDUC ftJday cm/sec WPI: MEPAS.Guidance,ibasedon soil type 
(ftJday) WPIO.017 6.2E-6 WP2: maximum value, pump test - well WI 

WP20.11 4E-5 WP3: slug tests at MWI28 (NWofSWMU 9),) 
WP32E-3 7.2E-7 

Moisture content for release site WS-MOISTC WPI: 35 WP I: Shallow water table- moisture content 
soils (%) WP2:36 approaches porosity value WP2 & WP3: Moisture 

WP3:45 content equals total porosity of soil 
Textural classification WZ-€LASS sand (gravelly) RGA geotechnical data for SWMU I 
Sand (%) WZ-SAND 83.0 Average. SWMH 91 geotechnical data 
Silt (%) WZ-SILT 10.3 Average. SWMU 91 geotechnical data; 
Clay (%) WZ-CLAY 6.8 Average. SWMU 91 geotechnical data 
Organic matter in soil (%) WZ-OMC 0.02 Average. WAG 6 RGA soil data 
Iron + aluminum in soil (%) WZ-IRON 3 Average. WAG 6, 62 - 78 ft samples 
pH of pore water in· saturated WZ-pH 6.5 Average ,pH of RGA groundwater at SWMU 91' 
zone ,( 1998 sampling data).· 
Total porosity (%) WZ-TOTPOR 37 Conservative. based on WAG 6 measurement 
Effective· porosity'(%) WZ-EFFPOR 30 Conservative estimate 
Darcy velocity (ftJday) WZPVEI:.OC 0.6 Conservative estimate. uses conductivity of 1,500 

ftld andgradient.of 4E-4 
Thickness (ft) WZ-THICK 58 RGA~HU 4 + HU 5) interval: 48-106 ft 
Bulk density,(ft) WZ-Bl!1LKD 1.67 (2.65 glcm3 x 0.63) 
Travel l distance (ft) WZ-DlST 350ft -fence Distance to PGDP security fence and HOE 

2.500 ft - <DOE property boundaryNW of SWMU 91 
property boundary 

Longitudinal dispersivity (ft) WZ-LDISP 50.0 (reference: Bioscreen groundwater model) 
Transverse dispersivity (ft) WZcTDlSP 5.0 (reference: Bioscreen groundwater model) 
Vertical dispcrsivity(ft) WZ-VDlSP 0.1 - near zero 
Total flux to aquifer (%) WZ-FRACT 100 Conservative estimate 
Perpendicular distance from WZ-YDIS:r 0 (plume centerline concentrations) 
groundwatcf flow to receptor (ft) 
Vertical distance below WZ-AQDEPTH 0 (most conservative result) 
~roundwater table'(ft) 
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Table 5.41. MEPAS transport!parameters for Solid Waste Management Unit 196 

Input parameterdescrlption 

Textural classification 
Sand (%) 

Silt (%) 
Clay (%) 
Organic matter (%) 

Iron and a1uminum(%) 

pH of topsoil 
Percent vegetative cover of the 
site (%) 
Topsoil water capacity 

SCS curve number 

Thickness (ft) 

Textural classification 

Sand(%) 

Silt (%) 

Clay (%) 

Organic matter. content in soil' 
(%) 

Iron + aluminum in soil (%) 
pH of pore water in partially 
saturated zone 
Bulk density (glcm3

) 

Total porosity (%) 

Field capacity (%) 

00'00 I (doc )/08240 I 

Parameter name Value Reference 

WT-CLASS 
WT-SAND 

WT-SILT 
WT-CLAY 
WT-OMC 

WT-IRON 

WTcpH 
WT~VEGCOV 

WT-AVAILW 

WT-SCSN 

Top soil parameters (.WT) 
silt McCracken Co. Soil Survey (USDA 1976) 
15 McCracken Co. Soil Survey: conservative 

80 
5 

0.05 

4 

5.0 
10 

0.46 

86 

estimate (highest % sand) 
Maximum % silt for soil type 
= 100% -% sand - % silt 
CERCLA Phase II Site Investigation (CH2M 
HILL 1992). Table 5-1 
DOE 1995a (Background Concentrations and 
Human Health Risk-Based Screening Criteria for 
Metals in Soil at the PGDP) 
McCracken Co. Soil Survey 
Mostly building. pavement. some grass cover at 
NW side 
McCracken Co. SoiL Survey = Available Water 
Capacity (.20 in/in) x root zonedepth·(23 in) x 
vegetative cover (20%) 
Antecedent Moisture Condition = II (normal 
moisture); Group C hydrologic soil group; bare 
soil. hard surface. 0-20% vegetated 

Prope11ies of the partially saturated zones (WP) 
WP-THICK WPI 17 1-18 ft (HU 1 + fill) Boring logs at 

SWMU 196 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP-OMC 

WP-IRON 
WP-pH 

WP-BULKD 

WP2 17 18-35 ft (HU 2) 
WP3 14 35-49ft (HU 3) 
WPI silt Boring logs at SWMU 196 

WP2 loam (HU 2: silt and sand) 
WP3silty clay 

WP120 
WP252 
WP35 

WP179 
WP243 
WP345 
WPll 
WP27 

WP350 
WPIO:09 
WP20:07 
WP30:06 

4 
6.0 

WPI 1.48 
WP21.7 

WP3 ·1.46 

MEPAS Table 2.1. maximum % sand. based on 
soil texture observed at SWMU 196 

Maximum % silt for soil type 

=100,- % silt - % sand 

Average. WAG 27 RI, 4-20 ft 
Average. WAG 27 RI. 2()';"35 ft 
Average. WAG 27 RI. 35v50 ft 
DOE 1995a 
DOE 1995b 

Table 2.1 of MEPAS Guidance. 
[(2.65)(I-Porosity)] 

Properties of the partially saturated zotles (WP) 
WP-TOlfPOR WPI44.2 WPl: Table 2.1 of ME PAS Guidance. basedion 

WP-F1ELDC 

WP2 36 soil type; 
WP3 45 WP2: Mean total ,porosity of UCRS sands & 

gravels based on WAG 6. measurements; 
WP3: Maximum porosity of 45% measured in 
some UCRS samples at WAG 6 was used as 

WPI28 
WP29 

WP327.8 
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upper limit of total porosity for clay rich layers 
Table 2.1 of MEPAS Guidance. based on soil 
type and porosity 



Table 5.41. MEPAS transport parametersforSoUd Waste Management Unit 196 (continued) 

Input parameter description 

Longitudinal dispersivity (ft) 

Saturated hydraulic 
conductivity (ft/day) 

Moisture content for release 
site soils (%) 

Textural classification 
Sand (%) 
Silt (%) 
.Clay (%) 
Organic matter in soil(.%) 
Iron + aluminum in soil(%) 
pH of pore water in saturated 
zone 
Total porosity (%) 
Effective porosity (%) 
Darcy velocity (ft/day) 

Thickness (ft). 
Bulk density (ft·) 
Travel distance (ft) 

Longitudinal dispcrsivity (ft) 
Transverse dispersivity (ft) 
Vertical dispersivity (ft) 
Total flux to aquifer (%) 
Perpendicular distance from 
groundwater !low to receptor (ft) 
Vertical distance below 
groundwater table (ft) 
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Parameter name Value Reference 
Properties of the partially saturated zones (WP) (continued) 

WP-LDISP WPI 0.17 MEPAS Guidance: DL =om (Th) 
WP20.17 

WP-CONDUC 

WS-MOISTC 

WP30.·14 
ft/day cm/sec 

WPI 3.7E-l 1.3E-4 
WP2 1.05 3.7E-4 

WP39:6E-5 3.4E-8 
WPl36 

MEPAS Guidance. based on soil type 
MEPAS Guidance. based on soil type 
Permeameter Test: HU 3 sample at MW339 
Shallow water table - moisture content between 
field capacity and porosity value. 

Properties of the saturated zone (WZ) 
WZ-CLASS sand (gravelly) Deep boring logs-surrounding area 
WZ-SAND 83.0 Average. WAG 6 geotechnical data 
WZ-SILT 10.3 Average, WAG 6 geotechnical data 

WZ-CLA Y 6.8 Average. WAG 6 geotechnical data 
WZ-OMC 0.02 Average. WAG 6 RGA soil data 
WZ-IRON 3 Average. WAG 6. 62-78 ft samples 

WZ-pH 6.5 Average pHi of RGA groundwater 

WZ-TOTPOR 37 Conservative, based on WAG 6 measurement 
WZ-EFFPOR 30 Conservative estimate 
WZPVELOC 0.6 Conservative estimate. uses conductivity of 1,500 

ftldand gradient of 4E-4 
WZ-THICK 50 RGA (HU 4 + HU 5) interval: 48- 98 ft 
WZ-BULKD \.67 (2.65 glcm3 x 0.63) 

WZ-DlS:r 800 ft Distance to PGDP security fence (northwest) 
2.800 ft Distance to DOE property boundary (northwest·) 

WZ-LDISP 50.0 (reference: Bioscreen groundwater model) 
WZ-TDISP 5.0 (reference: Bioscreen groundwater model) 
WZ-VDISP 0: I - near zero 
WZ-FRACT '100 Conservative estimate 
WZ-YDIS:r 0 (plume centerline concentrations) 

WZcAQDEP1H 0 (most conservative result) 
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Table 5.42. MEPASitransport parameters for theC~720 Area 

Input parameter description 

Textural classification 
Sand (%) 

Silt(%) 
Clay (%) 
Organic matter (%) 

Iron and aluminum (%) 

pH of topsoil 
Percent vegetati ve cover of the 
site (%) 

Topsoil water capacity 

SCS curve number 

Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%) 

Clay(%) 

Organic matter content(%) 

Iron and aluminum (%) 
pH of,pore water in partially 
saturated zone 
Bulk density(glcm3

) 

Total ,porosity {%) 

Field capacity (%) 

Longitudinal dispersivity (ft) 
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Parameter 
name 

WT-CLASS 
WT-SAND 

WT-SILT 
WT-CLAY 
WT-OMC 

WT-IRON 

WT-pH 
WT-VEGCOV 

WT-AVAILW 

WT-SCSN 

Value Reference 
Top soil paramelers(WT) 

silt McCracken Co. Soil Survey (VSDA 1976) 
15 McCracken Co. Soil Survey: conservative estimate 

SO 
5 

0,05 

4 

5:0 
\0 

86 

(highest % sand) 
Maximum % silt ,for soil type 
= 100% - % sand - % silt 
CERCLA Phase n Site Investigation (CH2M HILL 
1992), Table 5-1 
DOE 1995a (Background Concentrations and Human 
Health Risk-Based Screening Criteria for Metals in 
Soil at the PGDP) 
McCracken Co. Soil Survey 
Area mainly covered by pavement but some small 
patches of grass 
McCraekenCo. Soil Survey = Available Water 
Capacity (O.20inlin) x root zone depth (23 in) x 
vegetative cover (0.10) 
Antecedent Moisture Condition = II (normal 
moisture); GroupiC hydrologic soil group; bare soil. 
hard surface 

Properties of the partially saturated z.ones (WP) 
WP"THICK WPI: 16 1-17 ft (HV I) Boring ,logs at C-720 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP-OMC 

WP-IRON 
WP-pH 

WP-BVL~D 

WP-TOTPOR 

WP2: 25 17-42 ft (HV 2) 
WP3: IS 42-60ft (HV 3) 

WP I silty clay Boring logs at C-720 Area 
WP2 sandy loam 
WP3 silty clay 

WPIS 
WP267 
WP320 
WPI52 
WP219 
WP340 
WPI40 
WP214 
WP340 

WP10.09 
WP20.07 
WP30.06 

4 
6.5 

WPII.46 
WP21':S 
WP31.46 
WPli 45 
WP236 
WP345 

Geotechnical'data. HV I. boring H 301 
Geotechnical: data. HV 2. boring COE 17 
Maximum % sand'based1on soil type 
Geotechnical data. HV I. boring H 30 I 
Geotechnical! data. HV 2. boring COE 17 
Maximum% silt 
Geotechnical data. H V I. bori ng H 30 I 
Geotechnical data. HV 2. boring COE 17 
Minimum % clay based on soil type 
Average. WAG 27 RI. 7-IS ft 
Average. WAG 27 RI. I'S-3S ft 
Average, WAG 27 RI. 3S-50ft 
DOE 1995a' 
OHM 1992 (pH of shallow groundwater at C-750 
VST site) 
Table 2.1 of MEPAS Guidance, [(2.65)( I'-Porosity)] 

WP2: Mean total, porosity of VCRS sands & gravels 
based on WAG 6 measurements; 
WPI & WP3: Maximumporosity of 45% measured 
in some VCRS samples at WAG 6 was used as upper 
limit of total' porosity for clay rich layers 

Properties of tile partially saturated z.OIles'(WP) 
WP-F1ELDC WPI 27.S Table 2.1 of MEPAS Guidance. based on soil type 

WP2 9 and porosity 
WP32?;S 
WPIO.16 
WnO.25 
WP30.18 
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MEPAS Guidance: DL = 0.01 (Th) 



Table 5.42. MEPAStransport parameters fortheC-720 Area (continued) 

:Input parameter description 

Saturated hydraulic 
conductivity (cm/sec) 

Moisture content for release 
site soils (%) 

Textural classification 

Sand (%) 
Silt (%) 

Clay (%) 
Organic matter (%) 

Iron and aluminum (%) 

pH 

Total porosity (%) 

Effective porosity (%) 
Darcy velocity (ftlday) 

'Thickness (ft) 
Bulk density (fl) 
Travel distance (ft) 

Longitudinal dispersivity (fl) 
Transverse dispersivity (fl) 
Vertical dispersivily (fl) 
Total flux to aquifer (%) 
Perpendicular distance from 
groundwater flow to receptor 
(fl) 
Vertical distance below 
groundwater table (fl) 
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Parameter 
name Value Reference 

Properties of the partially saluraled zones (WP) (continued) 
WP-CONDUC flIdllY ~ Table 2.1 of ME PAS Guidance.based.on soil type 

WPI7.4E-2 2.6E-5 slug test at MW218. Table 2.1 of ME PAS Guidance 
WP2 8.8 3.1E-3 

WP37.4E-2 2.6E-5 
WS-MOISTC WPI36 Shallow water table - moisture content.betweenfield 

WP2 36 capacity and porosity value for WPI. set equal to 
WP345 porosity for deeper layers. 

WZ-CLASS sand (gravelly) Boring Log descriptions 
Properties,ojthe saturated zone (WZ) 

WZ-SAND 74 Average. WAG 6 geotechnical data 
WZ-SILT 17 Average. WAG 6 geotechnical data 

WZ-CLA Y 9 Average. WAG 6 geotechnical data 
WZ-OMC 0.02 WAG 6 geotechnical data 
WZ-IRON 3 Average of WAG 6. 62-78 fl samples 

WZ-pH 6.2 Average pH ofRGA groundwater at C-720 Area 

WZ-TOTPOR 
WZ-EFFPOR 
WZPVELOC 

WZ-THICK 
WZ-BUJLKD 

WZ-DlST 

WZ-LDISP 
WZ-TDISP 
WZ-VDlSP 
WZ-FRACT 
WZ-YDIST 

WZ-AQDEPT:H 

37 
30 
0.6 

40 
1.67 

1.800ft 
4.600.fl 

50.0 
5.0 
0.1 
100 
o 

o 
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(1998 sampling data). 
Conservative.based'on WAG 6 measurement 
Conservative estimate 
Conservative estimate. uses conductivity of 1).500 ftld 
and gradient of 4E-4 
ROA interval: 60-100 fl bgs 
(2.65 glcm3 x 0.63) 
PODP security fence (west) 
DOE property boundary (west) 
(reference: Bioscreen groundwater model) 
(reference: Bioscreen groundwater model) 
- ,near zero 
'Conservative estimate 
(plume centerline concentrations) 

(most conservative result) 
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Table 5.43. MEPAS source terms for Solid Waste Management Unit 1 

East~ North-
West South Thickness 

Contaminant Level Axis (rt) Axis(rt) (rt) Notes 

Inorganics 

Antimony 5 mg/kg 290 200 28 Unsaturated Layer I; in boring H 208 (10-15) 
and 8 recent Rl1borings from 5-33 ·ftbgs 

100 75 10 Unsaturated Layer 2; 
in boringH 209 (45-50 ft) and one recent ,RI 
boring ,00 1-179 (40-43 ft) 

50 50 3 RGA in boring H 210 (57-60) 
Beryllium 10:mg/kg 50 50 5 Unsaturated :Layer I; 

in boring H 2'10 (15-20 ft) 
1175 75 \0 l:lnsaturated Layer 2 (HU 3); ·inrecent RI 

borings 001-179 and OOI-166'(40-50ft) 
Cadmium 6mg/kg 525 210 3 Found,over most' of the SWMU 1 area in 7-10 

ft samples 
Manganese 2.160!mg/kg 85 80 3 Found in recent RI boring 001-137 (7-10 ft) 

Organics 

bis(2-ethylhexyl) 2,400 I'g/kg 50 75 31 'UnsaturatedLayer I; found throughout'boring 
,phthalate H 0090-32 ft) 
Trichloroethene 439.0001'g/kg 175 115 50 Unsaturated Layers I and 2; found in large area 

in northern pan of unit, inland around the CDM 
test pit 5; not found above screening levels in 
RGA soil samples (Phase I CERCLA Sl) 

66,000 175 115 10 
Vinyl Chloride 4,800 'I'g/kg 150 80 9 Unsaturated Layer I; found in·same general I area 

as TCE, smaller area and.confined:to I-10ft 
interval 

Xylene 121'g/kg 50 50 4 Unsaturated Layer I; in boring H 052. 2-6 ft bgs 
100 75 5 Unsaturated layer 2 (HU 3).in,boring H 208. 

50-55ft b~s 
Most contaminants were detected in fewer .than five samples above ,the screening levels. so maximum. concentration were'used to estimate 

contaminant inventory for most constituents. The exception ,for SWMlJ I was TeE. for which the source term was developed using the average 
concentration of 88 samples. 

The following constituents present above screening levels were not modeled for the subsurface soilS because they were detected only in one 
sample location at concentrations above screening levels. 

2-Hexanone 
4.4-DDT 
Arsenic 
Benzene 1.2.4-trimethyl 
Butyl'benzyl phthalate 

'00-00 I (doc )/08240 I 

ciJ-I.2-dichloroethene 
Decane. 6-ethyl-2-methyl 
Di-n-butylphthalate 
Hexadecane 
Lead 
Nonane 2.6-dimethyl 

5-49 

Octacosane 
Octadecene 
Phenanthrene 
Phthalate 
Tetrachloro 1.1·'biphenylliso 



Contaminant 

Antimony 

Lead 

Phenanthrene 

Dicll-butylphthalate 

Table 5.44. MEPAS source terms for SoHdWaste Management Unit91' 

East-west 
Level axis (ft) 

5 mglkg 300 

>133 mglkg 200 

220Ji /Lglkg 275 

84J /Lglkg 200 

North-
south axis Thickness 

(ft) (ft) 
Subsurface soil 

125 25 

75 5 

75 6 

75 8il 

Notes 

Detected above screening levels in boring 
H 202,5-30 ft and boring H 203, 5-10 ft 
Detected above screening levels in boring 
H 203. 25-30 ft 
Detected above PROs in boring H-003, 
18-24 ft 
Detected above screening levels in H 203 
from 25 to 75 ft bgs; source defined to 
include entire thickness of RGA 
.(to 106 ft bgs) 

All sources defined' using maximuffiidetected' concentrations. 
The following constituent was detected above screening levels at the site but was not modeled. Uranium .(2.400 mglkg) 

detected'once above screening level in one sample in one Lasagna™ Phase I boring (LAGH). 
Source terms for the RGA were developed using deep-soil sampling data collected.at the site for the CERCLA Phase I and ,II 

Site Investigations (CH2M HILL 1992). 
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• Table 5.45. MEPAS source terms for Solid Waste Management Unit 196 

East-West North-South, Thickness 
Contaminant Level Axis (ft) Axis (ft). (ft) Notes 

Surface soil 
Antimony 62.2 mglkg 175 160 2 Detected above screening level! in 

7 surface soil samples (0-2 ft); 
sUl~face source covers unpaved' areas 
at northeastern and northwestern 
corners of building 

Subsurface soil 
Antimony 58.9 mglkg 175 160 8 Detected above screening level in same 

7 borings having surface sample hits 

Northeast: four ,borings (196-008, 
196-010, 196cOll, & 196-013),2-10 
ft; and 
Northwest: three borings (196-001 & 
196-002 and 196-004), 2-lOft 

Barium 389 mglkg 75 50 2 Detected iil:one borings (l96~01 5) in 
4-6ft interval 

Beryllium 113 mglkg Detected above screening 
Cobalt 112 mglkg levels in only one soil boring 
Copper 112 mglkg 60 50 2 (196-0m, located near 
Lead 116 mglkg northeast tank) in 4-6 ft 
Silver 65.4 mglkg interval 

• Thallium 114 mglkg 
Cadmium 116 mglkg 140 50 4 Detected above screening level' in 

2 borings 096-013 and 196-014, in 
4-6 & 6-8 ft intervals, respectively) 

Manganese 1,980J mglkg 75 40 2 Detected above screening level in 
one soil boring, 196"011,4-6 ft 

Nickel 587 mglkg 75 80 4' Detected above screening level in two 
soil1borings, 196-014 and 196-015, in 
2-4' and 4-6 ft intervals,resEectivel~ 

All sources were defined using maximum detected concentrations. 
No deep soil m groundwater sampling was conducted. so no RG'A groundwater source terms were modeled . 

• 
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Table 5.46. MEPAS source terms for theC-720 Area 

Contaminant Level 

East-west 
axis 
(ft) 

North-
south axis Thickness 

(ft) (ft) 
Inorganics atul,radionuclides 

Antimony 87.2 mglkg 200 120 20 

Beryllium 

Cadmium 
Cobalt 
Copper 

Silver 
Thallium 
Vanadium 
Lead 

1.59 

107 
1.99 
102 
103 
106 

94.8 
94.4 
128 
139 

mg/kg 

mglkg 
mg/kg 
mglkg 
mg/kg 
mg/kg 

mglkg 
mglkg 
mglkg 
mglkg 

bis(2-ethylhexyl)phthalate 1.100 I' g/kg 

tralls-l,2-Dichloroethene 450,0001' g/kg 

Trichloroethene 2;641 I'g/kg 

13,069 I'g/kg 

Vinyl Chloride 400 I'g/kg 

400 I'g/kg 

300 

200 
300 

200 

200 

275 

120 
275 

120 

140 

Organics 
200 120 

200 150 

1050 225 

825 150 

200 150 

200 150 

8 

20 
8 

20 

4 

40 

4 

20 

20 

2 

5 

Notes 

Two source areas were defined for 
antimony and beryllium: one 
centered around 721M)24 (35-50 ft 
samples) at the SW corner of the 
C-720 Building - assumed it 
extends an additionaI5 ft into HU 3 
(to 55 ft); another one centered 
around 720-027 
(20-28 ft)at the NE comer 

These six metals were detected 
above screening levels in only 
one boring (720-024) from 35-50 ft; 
Used maximum 
detected values and l assumed 
it extends an additional 5 ft 
into HU 3 (to 55 ft) 
Detected above screening levels in 
only one boring (720~002) from 
12-16 ft 

Detected above PRG (880 I'glkg) 
in one. boring (720-024) from 15-
50 ft; extended source 5 additional 
ft into HU 3 (to 55 ft Ibgs) 
2 detections above the 'PRGinone 
boring (720-002) in the 
12-16 ft interval 
2 large source areas defined: 
Northern source, defined by three 
borings (720-007,720-008, and 
720-027) and Southern source 
defined by three borings (720-
002, 720-004, and 720-005). 
3 .detections above the PRG in 
2 soil borings (720-001 in 22-23 ft 
interval (HU 2) and 720-002 in 
5-10 ftinterval (HU 1) 

17he following constituents present above screening levels were not modeled for the subsurface soils: 
Mercury - one detect.(0:96 mglkg)slightly above screening levels (0.81 mglkgPRG)insoil boring 720-027 at '1'5-18 ft: 
I.I-Dichloroethene - one detect (200 p.g/kg) above PRG (20 /lg/kg). 1L was not modeled because it was in only the 31.5-32 ft 
sample of just one boring (720-008); and 
4-Chloro-3-methylphenol - one isolated detect(4OJ p.g/kg) in:soil boring 720-006 in 15-1'8 ft interval. 
Maximum concentrations were used for each discrete source area for all constituents except TeE. for which the average 

concentration in each source area was used to develop the source term inventories. 
Four additional detections of antimony (in borings 720-003, 720-020, 720-009, and 720-00 I) and one detection of beryllium (720-

020) were not used in the development of the subsurface soil' antimony and barium source terms. These detections ,(maximum 0.61 
mglkg antimony and 1.4 mg/kg beryllium) were only slightly above the screening level (two times background = 0:42 mg/kg antimony 
and 1.38 mg/kg beryllium) and were in isolated sample intervals in these borings. 
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Table 5.47. MEPAS results for Solid Waste Management Unit 1 

PGDPsecurit! .fence DOE !(!ro(!ert! boundary 
Maximum Maximum 

concentration Time concentration Time 
Source Constituent (mgIL) ()'r) (mg/L) 6'r) 

UCRS Antimony 6.43E-2 794 1.31E-2 862 
Beryllium" 0 10,000 0 10,000 
bis(2-ethylhexyl)phthalate" 0 m,ooo 0 '10,000 
Cadmiumb 6.456E-33 9:946 to }15,696 1.543E-34 9;974 to 15;696 
Manganese 1.73E-l 2,334 2.63E-2 2,643 
Trichloroethene 20.44 120 3.4 122 
Vinyl chloride 8.19E-2 57 1.29E-2 63 
Xylenes J.il93E-4 159 1.86E-5 171 

RGA Antimony 1.67E-2 7 8.22E-4 54 
"Receptor concentrations are zero.over the given time range. 
bConcentrations vary by less than I/IOOth of I %of the maximum concentration over the given time range (steady state). 

Table 5.48. MEPAS results for Solid Waste Management Unit 91 

PGDPsecurit! fence DOE (!ro(!ert! boundar! 
Maximum Maximum 

concentration Time concentration Time 
Source Constituent (mg/L) (yr) (mg/l:..) ()'r) 

UCRS Antimony 4.2E-2 498 5.7E-3 615 
Di-II-butylphthalate,,·b 2.23E-29 10,001 0 10,000 
Jr..ead,,·b . l.76E-31 9,821 to 11,821 0 10,000 
Phenanthrene 3.85E-5 4,877 5;6E-6 5,377 

RGA Di"lI-butylphthalatea 5.380E-6 4,609 to 10;055 7.878E-7 10,00,1 

"Concentrations vary by less than I/JOOth of I % of the maximum concentration over the given time range (steady state). 
~eceptor concentrations are zero over the given ,time range. 

Table 5.49; MEPASresults for Solid Waste Management Unit 196 

PGDP securit~ fence DOE I!r0l!ert~boundar~ 
:Maximum Maximum 

Source Constituent concentration (mg/L) 17ime (yr) concentration (mg/L) Time (yr) 
Surface soil Antimony 4.8·IE-4 6,539 1.519E-4 6,546 
Subsurface soil Antimony 1.826E-03 6,543 5.768E-4 6,544 

Barium" 0 10:000 0 10,000 
Beryllium" 0 10;000 0 10,000 
Cadmium,,·I, I AOlE-39 9,881 to 12,38;11 0 10,000 
Cobalt 1.416E-9 9,804 3.529E-1O 9,805 
Copper" H05E-17 9,925 to 10;675 5.50E-18 9,933 to 10,675 
Lead" 6,963E-29 9,961 to 14,211 1.026E-35 9,821 to 14,211 
Manganese 5.91E-4 9,952 1.591E-4 9,953 
Nickel" 1.004E-23 9,868 to 10,368 2.664E-24 9,876 to 10,368 
Silver 1.814E-5 9,771 5.289E-6 9,772 
17hallium 1.54IE-03 394 4.401E-4 395 

"Receptor concentrations are· zero over.the given time range. 
"Concentrations vary by less than 1/I00th of I % of the maximum concentration over the given time range (steady state)~ 
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Table 5050. MEPAS results for the'C·720 Area • PGDP securi~ fence DOE !ro~rty bounda!l 
Maximum Maximum 

concentration Time concentration 11ime 
Source Constituent (maIL~ (~r) (mg/L~ {Ir) 

Subsurface soil Antimony 2.55E-l 229 8.73E-2 361 
bis(2-ethylhexyl)phthalateb 3.67E-12 9~930 to 11,180 5.14E-21 9,996 to 11',180 
BeryJliumb

.
n 0 10;000 0 10,000 

Cadmiumb 4.075E-6 9,973 to 10,723 1.l3E-19 9,959 to 10,723 
Cobalt 1.3E-2 4,252 5:6E-3 4,301 
Copper 7.88E-3 7,931 3.24E-3 9,974 

RGA Lead" 0 10,000 0 10,000 
Silver 6.3E-2 847 3;OE-2 976 
Thallium 1.935 3'1 8.026E-l 38 
trans-l,2-Dichloroethene 7.22 25 2.83 30 
Trichloroethene 12.7E-l 72 5.35E-l 82 
Vanadium 2.39E-2 3,797 7~7E-3 6,039 
Vinyl chloride 3:63E-3 54 1.50E-3 60 
Trichloroethene 7.66E-2 9.2 2.56E-l 20;7 

DReceptorconcentrationsare zero over the given time range. 
bConcentrations vary by less thanl/lOOth of 1,% of the maximum concentration over the given time range (steady slale) . 

• 
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5.2.6 SWMU 911 

SWMU 91 was the site of an innovative technology demonstration for the in situ removal of TCE 
known as the Lasagna™ process. The fate and transport models SESOll... and ATn3D were used to 
determine the level ofTCE that could! remain in the soil after completion of the I'..asagna TMprocess and not 
leach unacceptable dissolved contaminant levels to the RGA. Preliminary Site Characterization/Baseline 
Risk AssessmentlLasagna™' Technology Demonstration at Solid Waste Management Unit 91 of the 
Paducah Gaseous Diffusion Plant, Paducah Kentucky (DOE 1996b) reported on the development ·of the 
model and the model results. 

The SWMU 91 model addressed four possible exposure scenarios: the SWMU boundary, the PGDP 
security fence. the DOE property 'bounda~, and the Ohio River. Tables 5.51, and 5.52 summarize the 
main attributes of the source term and the SESOll... and AT 123D transport parameters. Based on the 
model results, the target residual level of TCE in SWMU 91 soils was set at 5.6 mg/kg. 

5.2.7 WAG. 28 

Results of :the MEPAS fate and transport modeling for WAG 28 are presented in Remedial 
Investigation Report for Waste Area Grouping 28 at the Paducah Gaseous Diffusion Plant, Paducah, 
Kentucky (DOE 1999b), The modeling addressed the impact of three SWMUs, 99. 193; and 194, and 
AOC 204 on groundwater contamination in ,the RGA. Because all four sites overlie the Northeast Plume, 
the models share common exposure points at the PGDP security fence and DOE property boundary. vhe 
soil l and aquifer transport ,parameters that were input into the MEPAS model for SWMU 99, SWMU 193, 
SWMU 194. and AOC 204 are presented in Tables 5.53 through 5.56 . 

The WAG 28 RI developed source terms in surface soil and' the VCRS for the fate and transport 
modeling. Tables 5.57 through 5.60 present the source term information for all the constituents selected 
for fate and transport modeling from each SWMU. Suspected DNAPL sources to the Northeast Plume 
were not confirmed by the WAG 28 Rl and could not be assessed with MEPAS. Model results indicated 
that SWMUs 099, 193, and 194 yielded excess dissolved metals levels in the RGAat the exposure points 
and that TCE was a groundwater contaminant of concern for AOC 204. The modeling results for WAG 
28 are presented in Tables 5.61 through S.M. 

5.2.8 WAG 3 

The WAG 3 RI, as documented in Remedial Investigation Report for Waste Area Grouping 3 at the 
Paducah Gaseous Diffusion Plant, Paducah. Kentucky (DOE 2001). used MEPAS to model fate and transport 
of area contaminants through the RGA. Exposure was modeled at the same two exposure points used in 
WAGs 7 and 30: the PGDP security fence and the DOE property boundary. 1'he MEPAS modeling for 
this WAG was conducted using source terms for ,the three SWMUs (SWMU 4, SWMU 5, and SWMU 6~ 
delineated for this area. Contaminant source concentrations and source inventories were ,derived from 
soil and groundwater sampling results. The sampling data used; included the 2000 WAG 3 RI data as well 
as historical sampling conducted at the sites in support of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) site investigation (SI) (CH2M HILL 1992). The data gaps 
investigation provided additionalidata used at SWMU 4. The soil and aquifer transport parameters that 
were input into the MEPAS model for SWMU4. SWMU 5, and SWMU 6 are presented in Tables 5.65 
through 5.67 . 
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Table 5.51. Source zone and transport .parameters used in the SESOIl! .. model of SWMU 91 

Multi Media Modeling Summary 
Project Name 
Model Name 
Documented 

Hydraulic Parameters 
Conductivity 
Intrinsic Permeability 
Porosity 
Soil Saturation (%) 
Bulk Density 
TOC 
Infiltration 
Evapotranspiration 
Groundwater recharge 
Surface runoff 
Disconnectedness Index 
Layer thickness 
Freundlich exponent 

Model Dimension 

Source Terms 
Source depth 
Source area 
ConstantlDegrading 

Points of Exposure 
Locations 
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i 

I 

Universal 

1.25El cm l 

0.48 
0.18 

1.77 J¥em3 

86 cmly 
73emly 
14 emly 
41 emly 

7.5 

1 
10 

3 - 7.5 bgs 
6000 ftl 
constant 

SWMU 91 boundary 
PGOPJ)~erimeter fenee 

boundary 
DOE property 

boundary 

I 

I 

SWMU 91 - '~Lasagna" 

RISKPRO (SESOIL) 
DNAPL Site Characterization and LASAGNA Technology 
Demonstration at Solid Waste Management Ullit 9 J of the 
Paducah Gaseous DiffuSion Plam. Kemucky 

HUI 

1.0E-7 cmls 

0.2 

609.6 em 

5-56 

I 

UCRS 
HU2 

1.1E-5 cmls 

243.8 em 

i 

HU3 

4.2E-7 cmls 

! i 

426.7 em 

Constant 

RGA 
HU4 

3.8E-5 cmls 

231.5 cm 

Constant 

• 

I' 

! 
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Table 5.52. Transport parameters used in the A T123D model of SWMU 91 
and modeled TCE concentrations at exposure points 

Multi Media Modeling Summary 
Project Name 
Model Name 
Documented 

Geologic Units 

Hydraulic Parameters 

Aquifer 'thickness 
Aquifer Width 
Conductivity 
Effective Porosity 
Hydraulic Gradient 
Bulk Density 
Longitudal 
Dispersivity 
Lateral Dispersivity 
Vertical Dispersivity 
Time Interval Size For 

Desired Solution' 
Discharge Time 

Model Dimension 
cecs 

ConstantJDegrading 
Concentration 

Points of Exposure 
Locations 

I 

I 
I 

SWMU 91 - "Lasagna" 
RISKPRO (ATl23D) 
DNAPL Site Characterization and LASAGNA Technology Demonstration 
at Solid Waste Management Unit 91 o/the Paducah Gaseous Diffltsion 
Plant, Kelltllcky 

RGA 
HU4IHU5 

9.144 m 
Infinite 

6.35 mlhr 
0.25 

0.0006 
,I 770 , kg/m3 

3.048m 

03048 m 
0.3048 m 

730 hr 

87600 hr 
3D 
TeE 

Degrading 

SWMU 91 boundary 
PGDP per:imeter 
fence boundary 

~ DOE property boundary 

,I: 

VCRS 
HU2a 

Not 

UCRS 
HU2b 

Not 

HU3 

Not 
represented represented represented 

Groundwater Concentrations Protective of HH&E (TCE) 26 ugIL ·6,ugIL 5 ugIL 3.2ug/L 
Distance , Year Max GW Target Soil 

Location' from Source. Concentration Remediation Level for TCE (mg/kg) 
SWMV 91 Boundary Oft 41 13.3 3.08 2.56 1.64 
,PGDP Perimeter Fence 2il00 ft 53 28.9 6.66 5.55 3.55 
DOE Property 4000 ft 64 39 9.01 7.51 4.8 
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Table 5.53. MEPAStransport parameters for SWMU 99 

Input parameter description 

Textural· classification 
Percent sand (%) 

Percent silt (%). 
Percent clay (%) 
Percent organic matter (%) 

Percent iron and aluminum (%) 

pH of topsoil 
Percent vegetative cover of site (%) 
Topsoil water capacity 

SCS.curve number 

Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%) 

Clay (%) 

Organic matter content in soil (%) 

Iron + aluminum~in soil (%) 
pH of pore water in partially 
saturated zone 
Bulk density(g/cm3

) 

Total porosity (%) 

Field capacity (%) 

Longitudinal dispersivity (ft) 

Saturated hydraulic conductivity 
(ft/day) 

00-00 I(doc)/0824OI 

Parameter name Value Reference 
Topsoilparameters (WT) 

WT-CLASS Silt 
WT-SAND 15 

WT-SILT 
WT-CLAY 
WT-OMC 

WT-IRON 

WT-pH 
WT-VEGCOV 
WT-AVAILW 

WT-SCSN 

80 
5 

0.05 

4 

5:0 
o 

0:0 

86 

McCracken Co. Soil Survey (USDA 1976) 
McCracken Co. Soil Survey: conserVative 
estimate (highest % sand) 
Maximum % silt for soil type 
= 100% -% sand - % silt 
CERCLA Phase II Site Investigation (CH2M 
HILL 1992). Table 5.1 
DOE 1995a (Background Concentrations 
and Human Health Risk-Based· Screening 
Criteria for Metals in Soil at PODP) 
McCracken Co. Soil Survey 
Covered by concrete or gravel 
McCracken Co. Soil Survey 
= available water capacity (0.20 in.lin.) x 
root zone depth (23 in.) x vegetative cover 
(0%) 
Antecedent Moisture Condition = II (normal 
moisture); Group C hydrologic soil group; 
bare soil, hard surface, 0-20%vegetated 

Properties ofthepartiolly saturated zones (WP) 
WP-THICK WPI 42 1-43ft Boring logs at 

SWMU99 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP-OMC 

WP-IRON 
WP-pH 

WP-BULKD 

WP2 17 (HU 1 + HU 2) 

WPI silty clay loam 
WP2 silty clay 

WPI5 
WP28 

WPI65 
WP238 

WPI30 
WP254 

WPIO.08 
WP20.06 

4 
6.0 

43-60 ft (HU 3) 
Boring logs and sieve analyses from Corps 
of Engineers boring COE-38 
Boring logs. sieve analyses for boring COE-
38 
SWMU 2 geotechnical data 
Boring logs, sieve analyses for boring COE-
38 
SWMU 2 geotechnical data 
Boring logs. sieve analyses for boring COE-
38 
SWMU 2 geotechnical data 
Average, WAG 27 RI. 7-40 ft 
Average, WAG 27 IRI. 40-50 ft 
DOE 1995b 
DOE 1995a 

WPI 1.46 Table 2.1 of MEPAS Guidance; 
WP2 1.46 [2.65 x (I-Porosity)) 

Properties of the partially saturated zOlles (WP) 
WP-TOliPOR WPI 45 Table 2.1 of MEPAS Guidance, based on 

WP-FIELBC 

WP-LDISP 

WP-CONDUC 

WP2 45 soil type; maximum porosity of 45% 
measured in VCRS samples at WAG 6was 
used as upper limit of total porosity fOf clay

WP137.5 
WP242 

WP10.42 
WP20.17 

ft/day 
WPII.86 

WP2 I. IE-!I~ 

cm/sec 
6:54E-4 
3.78E-5 

5-58 

rich layers 
Table 2.1 of MEPAS Guidance. based on 
soil type 
Estimated based on MEPAS guidance: 
DL = 0:0 I x thickness 
WPI: Slug test atMWI64 (NW ofSWMU99) 
WP2: Slug test at MW204 
(Phase II Site Investigation) 
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Table 5.53. MEPAStransport parameters for SWMU 99 (continued) 

Input parameter description Parameter name Value Reference 
Propemesojthe,partiollysaturated zones (WP) (continued) 

Moislureconlenl (%) WS-MOISTC WPI 43 WPI: Shallow water table-moisturecontent 

Textural classification 
Sand (%) 

Silt (%) 

Clay (%) 

Organic matter in soil (%) 
Iron + aluminum in soil (%) 

pH of pore water in saturated zone 

Total porosity (%) 

EffeCtive porosity (%) 
Darcy velocity(ftlday) 

Thickness (ft) 

Bulkdensity (ft) 

Travel distance (ft) 

Longitudinal dispcrsivity (fto) 
'Fransverseidispersivity (ft) 
Venical dispersivity (ft) 
Percent of total flux to aquifer (%) 
Perpendicular distance from 
groundwater flow to receptor (ft) 
Venical distance below 
groundwater table(ft) 
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WP2 45 between field capacity and porosity value 
WP2: Moisture content::; total'porosity 

Properties oj the saturated zone (WZ) 
WZ-CLASS Sand (gravelly) 
WZ-SAN9 75 

WZ-SILT 

WZ-CI:.AY 

WZ-OMC 
WZ-IRON 

WZ-pH 

WZ-TOTPOR 

WZ-EFFPOR 
WZPYELOC 

WZ-THICK 
WZ-BULKD 

WZ-DIST 

WZ-LDISP 
WZ-TDISP 
WZ-YHISP 
WZ-FRACT 
WZ-Y9IST 

WZ-AQDEPTH 

15 

10 

0:02 
2 

6.4 

37 

30 
0.6 

40 
1.67 

Outside sources: 
10 ft to PGDPfence 

4500 ft to DOE propeny 
boundary 

,Jnside sources: 
700 ft to PGDP fence 

4800 ft to DOE propeny 

5-59 

boundary 
50.0 
5.0 
0.1 
100 
o 

o 

Deep boring logs surrounding area 
Average, WAG 6 geotechnical data and 
SWMU 99 boring logs 
Average. WAG 6 geotechnical data and 
SWMU 99 boring logs 
Average. WAG 6 geotechnical data and 
SWMU 99 boring logs 
A verage WAG 6 RGA soil: data 
Average, SWMU99, 51-60ft samples 
Average pH ofRGA groundwater (WAG 27 
data) 
Conservative, based on WAQ;6 
measurement 
Conservative estimate 
Conservative estimate; uses conductivity of 
1500 ftld and gradient of 0.0004 
RGA (HU 4 + HU 5) interval: 60-100 ft bgs 
(2.65 glcm3 x'0.63) 
Sources at SWMl:J 99 are located1inside or 
outside the PGDP security fence. For sources 
located ,near or outside the fence, the 
distance to'PGDP fence was assumed,to:bc 
lO,ft (model does 'not accept zero value). The 
distance to thepropeny boundary was 4500 
ft. The distances were measured along the 
groundwater flow direction to the eastern 
DOEpropeny boundary 
'Fhoselbcatedinsidc the fence were modeled 
using a.distance of 700 ft to the fence and 
4800,fttolhe DOE propeny boundary. 

Reference: Bioplume groundwater model 
Reference: Bioplume groundwater model 
Near zero 
Conservative 
<'Plume centerline concentrations) 

(Most conservative result) 



Table 5.54. MEPAS transport parameters for SWMU 193 

Input parameter description 

Textural classification 
Percent sand;(%) 

Percent silt (%) 
Percent clay (%) 
Percent organic matter·(%) 

Percent iron and aluminum{%) 

pH of topsoil 
Percent vegetative cover of site 
(%) 
Topsoil water capacity 

SCScurve number 

Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%) 
Clay (%) 
Organic matter content in soil (%) 

Iron + aluminum in.soil (%) 

pH of pore water in partially 
saturated zone 
Bulk density(glcm3

) 

Total porosity (%) 

Field capacity (%) 

Longitudinal dispersivity (ft) 

Saturated hydraulic conductivity 
(ftJday) 

Moisture content (%) 

Textural classification 
Sand (%) 

Silt (%) 

Clay (%) 

Organic matter in soil (%) 
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Parameter name Value 
Topsoil parameters (WT) 

WT-CLASS Silt 
WT-SAND 15 

WT-SILT 80 
WT-CLAY 5 
WT-OMC 0;05 

WT-IRON 4 

WT-pH 5.0 
WT-VEGCOV 18 

'Reference 

McCracken €o.Soil Survey (1:JSDA 1976) 
McCracken Co. Soil Survey: conservative 
estimate (highest % sand) 
Maximum % silt for soil type 
= 100% -% sand - % silt 
CERCLA Phase II Site Investigation 
(CH2M HILL 1992), Table 5.1 
DOE 1995a (Background Concentrations 
and Human Health Risk-Based Screening 
Criteria for Metals in Soil at PGDP) 
McCracken Co. Soil'Survey 
Mostly covered by concrete orgraveI 

WT-AVAILW 0.83 McCracken Co. Soil Survey 
= available water capacity (0;20in.lin.) x root 
zone depth (23 in.) x vegetative cover (18%) 

WT-SCSN 86 Antecedent Moisture Condition = II 
(normal' moisture); Group Chydrologic soil 
group; bare soil, hard surface. 
o-20%vegetated 

Properties of the partially saturated zones (WP) 
WP-THICK WPI67 1-68 ft (HU 1+ HU Boring logs from 

WP-CLASS 

WP-SAND 
WP-SILT 

WP-CLAY 
WP-OMC 
WP-IRON 

WP-pH 

WP-BULKD 

WP-TOTPOR 

WP-F1ELDC 

WP-LDISP 
WP-CONDUC 

WS-MOISTC 

WPI silty clay loam 

WP)i 17 
WN63 
WPI20 

WPIO.07 
4 

6.0 

WPII.46 

WPI45 

2 +HU 3) Groundwater 'Phase 
IV Investigation 

Boring logs and sieve analyses from nearby 
Corps of Engineers:boringCOE-35 
Sieve analyses from boring COE-35 
Sieve analyses from boring COE-35 
Sieve analyses from boring COE-35 
Average. WAG 27 RI. 7-50 ft 
DOE 1995b 
DOE 1995a 

Table 2. I of 'ME PAS Guidance 
1[2.65 x (I-Porosity») 
Table 2. I of MEPAS Guidance. based on. soil 
type; maximum porosity ,of 45% measured in 
UCRS samples.at WAG 6 was used as upper 
limit of total porosity for clay-rich layers 

WP137.5 Table 2.1 of ME PAS Guidance. based on 
soil type 

WPIO.67 MEPAS Guidance: DL = 0.01 x (Th) 

ftJday cm/sec 
WPI \.5E- 5.20E-5 Slug test at MWI31 

I 
WPI43 WPI: Shallow water tabl~oisture content 

between field capacity and porosity value 
Properties o/the satllratedZOlle (WZ) 

Deep boring logs in surrounding area 
Average. W AG6 geotechnical data and 
SWMU 193 boring logs 

WZ-CLASS Sand (gravelly) 
WZ-SAND 75 

WZ-SILT 15 

WZ-CLAY \0 

WZ-OMC 0.02 

5-60 

Average. WAG:6 geotechnical data and 
SWMU 193 boring logs 
Average, WAG 6 geotechnical data and 
SWMtJ 193 boring logs 
Average WAG6 RGA soH data 
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Table 5.54. MEPAS transport parameters for SWMU193 (continued) 

Input parameter description 

Iron + aluminum in soil!(%) 
pH of pore water in saturated zone 

Total'porosity (%) 

Effective porosi ty( % ) 
Darcy velocity (ftlday) 

Thickness.(ft), 
Bulk density(ft} 
Travel distance (ft) 

longitudinal dispersivity (ft) 
Transverse dispersivity (ft) 
Verticaldispersivity (ft) 
Percent of total flux toaquifer(%) 
Perpendicular distance from 
groundwater flow 'toreceptor'( ft} 
Vertical, distance below 
groundwater table (ft) 
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Parameter name Value Reference 
Properties ofthesalllrated zone (WZ) (continued) 

WZ-IRON 3 Average; WAG 6, 62-78 ft samples 
WZ~pH 6.4 Average pH of RGA groundwater (WAG 27 

data) 
WZ-TOTPOR 37 Conservative. based on WAG 6 

WZ-EFFPOR 
WZP\f,ELOC 

WZ-THICK 
WZ-BULKD 

WZ-DJST 

WZ-LDISP 
WZ-TDISP 
WZ-VDlSP 
WZ-FRACT 
WZ-YDIST 

WZ-AQDEPTH 

30 
0.6 

25 
1.67 

3000 ft -,PGDP fence 

74ooft-nOE 
IProperty'boundary 

50.0 
5;0 
0 ... 
100 
o 

o 
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measurement 
'Conservative estimate 
Conservative estimate; uses conductivity .of 
'1'500 ftldandgradient of 0.0004 
RGA (HU 4 + HU 5) interval: 68-93 ft bgs 
(2.65 g1cm3 x 0:63) 
Minimum distance to eastem 'PGDPfence 
along groundwater flowpath 
Minimum distance to DOE property 
boundary along groundwater flowpath 
Reference: Bioplumegroundwater model 
Reference: Bioplumegroundwater model 
Near zero 
Conservative 
(Plume centerline concentrations) 

(Most conservative result) 



Table 5.55. MEPAS transport parameters for SWMU 194 

Input parameter description 

Textural classification 
Percent sand'(%) 

Percent·silt(%) 
Percent clay (%) 
Percent organic matter (%) 

Percent iron and aluminum (%) 

PH of topsoil 
Percent vegetative cover of site (%) 

Topsoil water capacity 

SCS cur:ve number 

Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%) 
Clay (%) 
Organic matter content in soil (%) 

Iron + aluminum in soil (%) 
PH of pore water in partially 
saturated zone 
Bulk density(g/cmJ

) 

Total porosity (%) 

Field!capacity (%) 

Longitudinaldispersivity (ft) 

Saturated hydraulic conductivity 
(fuday) 
Moisture content (%) 

Textural classification 

Sand(%) 
Silt (%) 
Clay (%) 
Organic matter in soil' (%) 

Iron + aluminumin soil (%) 
PH of pore water in saturated zone 
Total porosity (%) 
Effective porosity (%) 
Darcy velocity (fuday) 

Thickness (ft) 
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Parameter; name Value 
Topsoil parameters (WT) 

WT-CLASSSilt 
WT-SAND 15 

WT-SILT 
WT-CLAY 
WT-OMC 

WT-IRON 

WT-pH 
WT-VEGCOV 
WT-AVAILW 

WT-SCSN 

80 
5 

0.05 

4 

71 

Reference 

McCracken Co. Soil Survey 
McCracken Co. Soil Survey: conservative 
estimate (highest % sand) 
Maximum % silt for soil type 
= 100% -% sand - % silt 
CERCbA Phase II Site Investigation (CH2M 
HILL 1992). Table 5.1 
DOE 1995a (Background Concentrations 
and' Human Health Risk-based Screening 
Criteria for Metals in Soil at PGDP) 
McCracken Co. Soil Survey 
Covered by vegetation 
McCracken Co. Soil Survey 
= available water capacity (0.20 in.lin.) x root 
zone depth (23 in.) x vegetative.cover (100%) 
Antecedent Moisture Condition = II (normal 
moisture); Group C hydrologic soil group; 
well vegetated 

Properties ofthe'partially saturated zones (WP) 
WP-THICK 54 I-55 ft bgs A verage based on boring logs 

in vicinity of SWMU 194 
Boring ,logs (silty sand) and sieve analyses for 
nearby Corps of Engineers boring COE-20 
Sieve analyses at boring COE-20for silty 
sand sample at 38 ftbgs 

WP-CLASS Silty, clayey sand 

WP-SAND 72 

WP-SILT 16 
WP-CLAY 12 
WP-OMC 0.07 
WP-IRON 4 

WP-pH 6.45 

WP-BULKD 1.49 

WP-TOTPOR 43.7 

WP-FIELDC 12 

WP-LDISP 0.54 

WP-CONDUC fUday cmlsec 
5.39 1.9E-3 

WS-MOISTC 20 
Properties of the saturated ZOlle (WZ) 

WZ-CLASS Silty sand/gravel 

WZ-SAND 74 
WZ-SILT 17 

WZ-CLAY 9 
WZ-OMC 0.02 
WZ-IRON 3 

WZ-pH 6.2 
WZ-TOTPOR 37 
WZ-EFFPOR 30 
WZPVELOC 0.6 

WZ-THICK 30 

5-62 

Sieve analyses at boring,COE-20 
=100- % silt - % sand 
WAG 27 RI average for UCRS 
OOEb 1995 
Average pH. SWMU 193 

Table 2.1 of MEPAS Guidance. 
(2:65 x (I-Porosity» 
Table 2.1 of MEPAS Guidance. based on 
soil type 
Table 2.1 of MEPAS Guidance. based on 
soilltype 
Estimate based on MEPAS guidance: 
DL = 0.0 I x thickness 
Table 2.1 of MEPAS Guidance. based on 
soil type. 
Measured value at boring COE-20 

Boring log description for RGA in nearby 
boring AH209 
Average. W AG6 RGA geotechnical data 
Average. WAG6 RGA geotechnical data 
Average. WAG 6RGA geotechnical data 
Average. WAG6 RGAdata 
Average, WAGo6 RGAdata 
A verage pH ofRGAgroundwater at WAG 6 
Conservative . .based on W AG6 measurement 
ConselVative estimate 
Conservative estimate; uses conductivity of 
1500 fud and gradient of 0.0004 
RGA (HU 4 + HU 5) interval: 55-85 ft bgs 

• 

• 

• 



• 

• 

• 

Table 5.55. MEPAS transport parameters forSWMl!J,I94 (continued) 

Inpotlparameter description 

Bulk density (ft) 
Travel distance (ft) 

Longitudinal: dispcrsi vity (ft) 
Transverse dispersivity(ft) 
Vertical dispersivity (ft) 
Percent of ,to tal fluxltoaquifer'(%) 
Perpendicular distance from 
groundwater flow to receptor (ft) 
Vertical distanceibelow 
groundwater table (ft) 

00-00 I (doc )/08240 I 

Parameter name Value Reference 
Properties of the saturated zone (WZ)!(contillued) 
WZ~BULKD 1.67 (2.65 glcm3 x 0:63) 

WZ-DJST 10 ft to fence DistancNo fence along groundwater 
flowpath: SWMU 194 is outside the fence 
(model does ,not accept zero value, so small, 

WZ~LDlSP 

WZ-TIDISP 
WZ-VDlSP 
WZ-FRACT 
WZ-YDIST 

WZ-AQDEPTH 

8,7ooft to. DOE 
property boundary 

50.0 

5-63 

5;0 
0.11 
100 
o 

value was used) 
Minimum distance to DOE property 
boundary along groundwaterflowpath 
Reference: Bioplume groundwater modell 
Reference: Bioplume groundwater modell 

Near zero 

(Plume centerline concentrations} 

(Most conservative result) 



Table 5.56. MEPAS transport ,parameters for AOC 204 

Input parameter description 

l'extural classification 
Percent sand (%) 

Percent silt (%) 
Percent clay (%) 
Percent organic matter (%) 

Percent iron and aluminum (%) 

PH of topsoil 
Percent vegetative cover of site (%) 
Topsoil water capacity 

SCS curve number 

Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%) 

Clay(%) 

Organic matter content in soil (%) 

Iron + aluminum in soil (%) 
PH of pore water in partially 
saturated zone 
Bulk density (glcm3

) 

Total porosity (%) 

Field capacity (%) 

Longitudinal dispersivity (ft) 

Saturated hydraulic conductivity 
(ftlday) 

Moisture content (%) 

Textural classification' 
Sand (%) 

00-00 I( doc )/08240 I 

Parameter name Value 
Topsoil.parameters (WT) 

WT-CLASS Silt 
WT-SAND 15 

WT-SILT 
WT-CLAY 
WT-OMC 

WT-IRON 

WT-pH 
WT-VEGCOV 
WT-AVAILW 

WT-SCSN 

80 
5 

0.05 

4 

5.0 
100 
4.6 

71 

Reference 

McCracken Co. Soil. Survey (USDA ,1976) 
McCracken Co. Soil Survey: conservative 
estimate (highest % sand) 
Maximum % silt for soil type 
= 100% -% sand - % silt 
CERCLA Phase II Site Investigation. (CH2M 
HILl 1992), Table 5.1 
DOE 1995a (Background Concentrations and 
Human Health Risk-Based Screening Criteria 
for Metals in SoilatPGDP) 
McCracken Co. Soil Suwey 
Covered with heavy vegetation 
McCracken Co. Soil Survey 
= available water capacity (0.20iinJin.) x root 
zone depth (23 in.) x vegetative cover (100%) 
Antecedent Moisture Condition = II (normal 
moisture); Group C hydrologic soil group; 
vegetated surface. well vegetated 

Propertieso/the partially saturated zones (WT) 
WP-THICK WPl51 I-52 ft (HU 1+ HU 2) Boring logs at 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP-OMC 

WP-IR0N 
WP-pH 

WP-BULKD 

WP-TOTPOR 

WP-F1ELDC 

WP-LDISP 

WP-CONDUC 

WS-MOISTC 

WP2 IS 52-67 ft (HU 3) AOC 204. NE Plume 
Study. and Phase 11 SI 

WPI silty clay loam 
WP2 silty clay 

WPI5 
WP28 
WPI65 
WP238 
WPI30 
WP254 

WPIO.08 
WP20.06 

4 
6.0 

WPI 1.46 
WP21.46 
WPI45 
WP245 

WP137.5 
WP242 

WPIO.51 
WP20.15 

ftlday cm/sec 
Wp.) 1.86 6.54E-4 

WP2 \.lE-I 3.78E-5 
WPI43 
WP245 

Boring!logsat AOC 204 and sieve analyses 
from Corps of'Engineers BOring COE-38 
Boring logs. sieve analyses for boring COE-38 
SWMV 2 geotechnical data 
Boring logs. sieve analyses for boring'COE-38 
SWMV 2 geotechnical data 
Boring logs. sieve analyses for boringCOE-38 
SWMV 2 geotechnical data 
Average, WAG 27 RJ. 7-40 ft (HV 1 + HU 2) 
Average. WAG 27 RJ. 4o-50ft (HV 3) 

DOE 1995b 
DOE'I995a 

Table 2.1 of MEPAS Guidance. 
[2.65 x (I-Porosity)] 
liable 2.1 of MEPAS Guidance. based on soil 
type; maximum porosity of 45% measured in 
some VCRS samples at WAG 6 was used as 
upper limit for clay-rich layers 
Table 2.1 of MEPAS Guidance, based on soil 
type 
MEPAS guidance: DL =·0.01 x (Th) 

WP I: Slug test at MW 164 (NW of SWMU 99) 
WP2: Slug test at MW204 
(phase 11 Site Investigation) 
WP I : Shallow water table--moisture content 
between field capacity and porosity value 
WP2: Moisture content =·total porosity 

Properties o/the saturatedzotldWZ) 
WZ-CLASS Sand (gravelly) Deep boring logs from the surrounding area 
WZ-SAND 75 Average. WAG 6 geotechnical.data and AOC 

204 boring logs 

5-64 

• 

• 

• 



• 

• 

• 

Table 5.56. MEPAS transport parameters for AOC 204 

Input parameter description 

Silt(%) 

Clay(%) 

Organic matter in soil (%) 
Iron + aluminum in soil (%) 
PH of pore water in saturated· zone 
Total porosity (%) 
Effectiveporosity(% ) 
Darcy velocity (ftlday) 

Thickness (ft) 

Bulk density (ft) 
Travel distance(ft) 

l:..ongitudinal dispersivity (ft) 
Transverse dispersivity (ft) 
Vertical dispersivity (ft) 
Percent of total flux to aqui fer (% ) 

Perpendicular distance from 
groundwater flow to receptor (ft) 
Vertical, distance below 
groundwater table (ft) 

00-00 I (doc )/08240 I 

Parameter name Value Reference 
PropertiesoJlhe saturated'zone (,WZ) 

WZ-SILT ,15 Average, WAG 6 geotechnical data and AOC 

WZ-Cl!.AY 

WZ-OMC 
WZ-IRON 

WZ-pH 
WZ-TOTPOR 
WZ-EFFPOR 
WZPVELOC 

WZ-THICK 
WZ-BULK9 

WZ-OIST 

WZ-LDISP 
WZ-TDISP 
WZ-VDJSP 
WZ-FRACT 
WZ-YDIST 

WZ-AQOEPTH 

0;02 
2 

6.4 
37 
30 
0.6 

28 
1.67 

204 boring logs 
Average, WAQ.6 geotechnical data and AOC 
204 boring logs 
A verage WAG 6 RGA soil data 
Average, SWMU 99, 51-60 ft samples 
Average pHof RGA.groundwater (W AG 27 data) 
Conservative,'based:on WAG 6 measurement 
Conservative estimate 
Conservative estimate; uses conductivity of 
1500 ftldand gradient of 0:0004 
RGA (Hl:J 4 +HU 5) interval: 67-95 ft'bgs 
(2.65 g/cm3 x 0.63) 

lOft to ·PGOP fence Distance to PGDPeastem fence along 
groundwaterflowpath.- AOC 204 is outside 

4500 ftto DOE 
property boundary 

50:0 
5.0 
0.1 
100 
o 

o 

5-65 

the fence (model does not accept zero value, 
so smaIl value was used) 
Minimumdistance ,to DOE .property boundary 
along groundwater flowpath 
Reference: Bioplume groundwater model 
Reference: Bioplume groundwater model 
Near lero 
Conservative 
,(plume centerli ne' concentrations) 

(Most conservative·result) 



8 Table 5.57. MEPAS source terms for SWMU 99 
8 
c. Length Width Contaminant inventory calculation 
1\ Parallel to now perpendicular to forMEPAS 
~ Initial source direction now direction Thickness Volume Bulk density Inventory 00 ..... 
-I>- _C_ontaminant concentration (rt) (rt) (rt) (cmJ) (~cml) (g or Ci) Notes :: 

Surface soil 
Aluminum 14.100 mg/kg 305 190 I I. 64E+9 1.48 3.42~+7 Detected above screening levels in one 

boring. 099- OOS. in 0-3 ft sample 
Barium 2.470 mglkg 205 215 I.2Se+9 1.48 4.S6E+6 Detected above screening levels in 0-1 

ft sample from one boring. 099-014 
Benzo(b)tluoranthene 5.7 mg/kg 300 115 9.77E+8 1.48 8.24E+3 Detected above screening levels in 0-1 

ft sample from one bOring. 099-004 
Chromium 45.7 mg/kg 150 110 4.67E+8 1.48 3.16E+4 Detected above screening levels in ~ I 

ft sample in one boring. 099-016 
Lithium 11.6 mg/kg 31S 375 3.34E+9 1.48 5.74E+4 Detected in western pOrtion of SWMU 
Strontium SI4 mg/kg 2.54E+6 99 (No screening levels available for 

lithium or strontium) 
Neptunium-237 12.8 pCi/g 90 190 4.84E+8 1.48 9.173E-3 Detected above screening levels in 
Uranium-234 16.4 pCi/g 1.17SE-2 surface soils from one boring. 082-014 
Uranium-238 51.7 pCi/g 3.70Se-2 

VI Technetium-99 49.4 pCi/g 315 331 2.9SE+9 1.48 2.159E-1 Detected above screening levels in two I 
0"-
0"- 2650 pCi/g 90 190 4.84E+8 1.48 I. 899E+0 surface soil source areas located inside 

the fence. The smaller source was 
centered around boring 082-014 and 
had a maximum concentration of 26S0 
pCi/g. The second source encompasses 
two borings: 099-001 and 099-004. 

Subsurface soil-partially saturated zone 1 (WPl) 
Aluminum 18400 mg/kg 550 185 37 1.07E+11 1.46 2.86E+9 Total of two source areas centered 

around II borings. detected between 
1-38 ft bgs 

Chromium 79.1 mglkg 415 150 6 1.06E+10 1.46 1.22E+6 Tolal of 2 source areas centered 
around two borings: 099-019 in the 
22-25 ft bgs sample and 099-06 in the 
35-38 ft bgs sample 

Cobalt 27.3 mg/kg 440 500 3 1.87E+1O 1.46 7.45E+S Detected above screening levels in the 
14-17 ft bgs sample from boring 099-
001 

Lithium 13.8 mglkg 315 375 40 1.34E+11 1.46 2.70E+6 Detected in western portion of SWMU 
Strontium 22.2 mg/kg 4.34E+6 99 (No screening levels available for 

lithium or strontium) 

• • • 



8 
8 

• 
Containinant 

Neptunium-237 
Plutonium-239 
Uranium-238 

Aluminum 

Lithium 
Strontium 

Initial source 
concentration 

0.0049 
0.006 

2.4 

12.700 

6.14 
24 

pCi/g 
pCi/g 
pCi/g 

mg/kg 

mg/kg 
mg/kg 

• 
Table 5.57. MEPAS source terms for SWMU 99 (continued) 

Length Width 
Parallel to now perpendicular to 

Contaminant inventory calculation 
.forMEPAS 

direction now direction Thickness 
(ft) 

Bulk density 
(g/cm·1) (ft) (ft) 

Subsurface soi!-partwlly saturated zone 1 (WPl) (continued) 
125 190 19 1.28E+ JO 1.46 

Subsurface soil-=partwlly saturated zone ~ (WP2) 
140 145 3 I. 72E+9 1.46 

315 375 17 5.69E+1O 

Inventory 
(g or Ci) 

9.141E-5 
1.119E-4 
4.477E-2 

3.20E+7 

5.10E+5 
1.99E+6 

All sources were defined using maximum detected concentrations. 

• 
Notes 

Detected in historical samples from 
H211 and H218 frolTll-20 ft bgs. 

Detected above screening levels in 
099-010 from 51-54 fi bgs 
Detected in western portion of SWMU 
99 from 43-60 ft bgs. (No screening 
levels avai lable for lithium or 
strontium) .. 



8 Table 5.58. MEPAS source terms ror SWMU Unit 193 
8 
c: Width Contanunant inventory 
~ Initial Length perpendicular calculation for MEPAS 
~ 
00 source parallel to to flow direction Thickness Volume Bulk density Inventory 
N 
~ C_ontaminant concentration now direction (rt) (rt) .(rt) (cor) (~cmJ) (g) Notes :: 

Surface soil 
Chromium 88.7 mg/kg 250 250 I 1.77~+9 1.48 2.32E+5 Chromium detected above background in 

one boring (193-023) from 0-1 ft bgs. 
Lithium 12.5 mg/kg 1970 2360 1.32E+11 2.44E+6 Lithium and strontium source assumed to 
Strontium 391 mg/kg 7.62E+7 cover entire SWMU area 

Subsurface soil---partially saturated zone (WPl) 
Aluminum 15.500 mg/kg 1970 2360 60 7.901=:+12 1.46 1.79E+11 Aluminum. lithium. and strontium sources 
Lithium 11.2 mg/kg 1.29E+8 assumed to encompass entire SWMU area 

Strontium 195 mg/kg 2.25E+9 and full thickness of WPI 

Cadmium 13.2 mg/kg 440 440 5.48E+9 1.06E+5 Cadmium detected above screening levels in 
one boring. 193-2. at depth of 155 ft 

Chromium 398 mg/kg 2400 1960 8 1.07E+12 6.19E+8 Chromium detected above screening levels 
in three borings. 193-1. 193-5. and 193-049. 
at depths between 15-23 ft 

Cobalt 86.1 mg/kg 240 260 3 5.3E+9 6.66E+5 Cobalt detected above screening levels in 
VI 

I one boring. 193-036. at a depth of 2-5 ft bgs 0-
00 Manganese 2270 mg/kg 920 640 8 1.33E+11 4.42E+8 Manganese detected above screening levels 

in two borings. 193-033 and 193-036. at 
de~ths between 2~ 10 ft bgs 

Notes: All sources were developed using the maximum detected concentrations within each model layer. 
Benzo(iI,g,i)perylene was also detected above screening levels in surface soils. It could not be modeled because the MEPAS model does not include it in its contaminant list. 

• • • 



• 
ContaDIinant 

Aluminum 

Chromium 

Lithium 

Strontium 

Notes: 

Initial source 
concentration 

14500 mglkg 

\03 mg/kg 

9 mg/kg 

26 mglkg 

Length parallel to 
flow direction (0) 

250 

650 

1730 

1730 

• • 
Table 5.59. MEPAS source terms for SWMU 194 

Width 
perpendicular to 

flow directioll 
(0) 

250 

7\0 

1050 

1050 

ThickneSs 
(0) 

Contaminant inventory 
calculation for MEPAS 

Volume Bulk de~ty Inventory 
(eml ) (g/eml ) (g) \'Ilotes 

Subsuiface soil 
16 2.83E+\o 

29 3.79E+1I 

39 2.0IE+12 

39 2.0IE+12 

\.49 

\.49 

\.49 

\.49 

6.12E+8 Three detections above screening levels 
between 2-15 ft bgs in boring 194-010. 
Extended source from top of layer to top of 
first clean sample (1-17 ft bgs). 

5.82E+ 7 Detected above screening levels in five 
samples between 15-30 ft bgs in four borings: 
194-02. 194-03. 194-10. and 194-1 \. Source 
extends from base of nearest clean sample to 
top of HU3 (11-40 ft bgs). 

2.69E+7 Detected in 15 of20 samples throughout the 
SWMU at depths between 2-30 ft. Source 
encompasSes entire SWMU area (1.816,452 ttl) 
and extends from top of layer to average depth 
of tOl'of HU3 (from I to 40 ft bgs) 

7.77E+7 Detected in 16 of 20 samples throughout 
SWMU at depths between ~-30 ft. Source 
encompasses entire SWMU area (1.816.452 ~) 
and extends from top of layer to average depth 
Of top of HU3 (from I to 40 ft bgs) 

All sources were defined using the maximum detected concentrations within the mod~llayer. 
The bulk density value used was for the partially saturated zone because all sources are located within the Model Layer WPI 
Iron was detected above screening values in only one sample. and so was not modeled. 



VI 
I 

-.....J o 

Contaminant 
Initial Source 
concentration 

Trichloroethene 0.123 mglkg 

Notes: 

Length 
parallel to 

flow direction 
(ft) 

445 

Table 5.60. MEPAS source terms for AOC 204 

Width· 
perpendicular to 

now direction 
(ft) 

345 

Contaminant inventory 
calcUlation for MEPAS 

Thickness Volume Bulk density Inventory 
(ft) (cm) (glcm3

) (g) Notes 
Subsurface Soil 

30 l.3E+Il 1.46 2.34E+4 Detected in three historical borings: 
204-15,204-19, and 204-20 at 
depths between 5 -35 ft bgs. 

No contaminants passed initial screening from the WAG 28 Remedial Investigation sampling data. The trichloroethene source was defined using historical data. 
The source was developed using the maximum detected concentration within the model layer. 

• • • 



• Table 5.61. MEPAS results for SWMU 99 

Constituent PGDP securit;rfence DOE iboundary I!ropert;r Source 
(Daughter products Potential Potential location 

are denoted with maximum conc. Time maximum conc. Time relative to 
Source an asterisk) (mg/L or I!CiIL) u:ears) (mg/L or I!CiIL) u:ears) plant fence 
Surface Aluminum 0. 10001-20.002 0. 10001-20.002 Outside 

soil Barium 0. 10001-20002 0. 10001-20002 Outside 
Benzo(b )f1uoranthene 0. 10001-20002 0. 10001-20002 Inside 
Chromium 2.D8E-18 9904-1'5654 I.D81E-27 9950-1'5654 Outside 
Lithium 5.632E+D 78.1 1.715E-2 89.7 Outside 
Neptunium-237 4.985E+D 249 8.428E-l 356 Inside 
*Protactinium-233 4.985E+D 249 8.428E-l 356 Inside 
*Uranium-233 5.4D5E-3 249 1.3D6E-3 356 Inside 
*1'horium-229 6.675E-5 266 2.168E-5 356 Inside 
*Radium-225 6.673E-5 266 2.168E-5 356 Inside 
* Actinium-225 6.67lE-5 266 2.167E-5 356 Inside 
Strontium 2.214E+D 8952.5 3.581IE-4 9898.6-'11953 Outside 
Technetium-99 1.81E+2 1570. 2.736E-l 2247 Inside 
Uranium-234 0. 7880-17881 0. 8387-17881 Inside 
*11I0ri um-230. 0. 7880-17881 0. 8387-17881 Inside 
*Radium-226 0. 7880-17881 0. 8387-17881 Inside 
l:lranium-238 0. 7861-17862 0. 8367-17862 Inside 
*Thori umc 234 0. 7861-17862 0. 8367-17862 Inside 
*Uranium~234 0. 7861-17862 0. 8367-17862 Inside 
*Thori um-230. 0. 7861-17862 0. 8367-17862 Inside 

• >l;Radium-226 0. 7861-17862 0. 8367-17862 Inside 
*Radon-222 0. 7861-17862 0. 8367-17862 Inside 
*Lead-21O 0 7861-17862 0. 8367-17862 Inside 
*Bismuth-210 0 7861-17862 0. 8367-17862 Inside 
*Polonium-210 0. 7861-17862 0. 8367-17862 Inside 

UCRS Aluminum 0. 10001-20002 0. 10001-20002 Outside 
Chromium 9.397E-2D 9904-15655 2.D39E-26 9997-15655 Inside 
Cobalt 3.M2E-5 9890.-13140. 2.433E-6 9919-13140. Inside 
Lithium 4:686E+l 67 7.217E-l 95.5 Outside 
Neptunium-237 3,86E-2 300 6,887E-3 393 Inside 
*Protactinium-233 3.86E-2 300 6.887E-3 393 Inside 
*Uranium-233 5.D52E-5 30.0. U79E-5 393 Inside 
*Thori um-229 7.D87E-7 30.0. 2.162E-7 393 Inside 
*Radium-225 7.D85E-7 30.0. 2.162E-7 393 Inside 
* Actinium-225 7.D83E-7 30.0. 2. 16.1'Ec7 393 Inside 
Plutonium-239 1.229E-1O 9948-13948 2.41DE-19 9904-13948 Inside 
Strontium 3.782E+D 8952.5 6.118Ec4 9899-15655 Outside 
Uranium-238 0. 7861-17862 0. 8367-17862 Inside 
*Thorium-234 0. 7861-17862 0. 8367-17862 Inside 
*Uranium-234 0. 7861-17862 0. 8367-17862 Inside 
*Thorium-23D 0. 7861-17862 0. 8367-17862 Inside 
*Radium-226 0. 7861-17862 0. 8367-17862 Inside 
*Radon-222 0. 7861-17862 0. 8367-17862 Inside 
*Lead-21O 0. 786-1-17862 0. 8367-17862 Inside 
*Bismuth-210 0. 7861-17862 0. 8367-17862 Inside 
*Polonium-210 0. 7861-17862 0. 8367-17862 Inside 

• If source is 'located inside fence, distances of 700 ft and 480.0. ft, respectively. were used for the fence and ,the property boundary. 
If outside fence. distances of 10. ftand 4500 ft were used. 
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Source 

Surface Soil 

VCRS 

Source 

VCRS 

Source 

VCRS 

Constituent 

Chromium 
Lithium 
Strontium 

Aluminum 
Cadmium 
Chromium 
Cobalt 
Lithium 
Manganese 
Strontium 

Constituent 

Aluminum 
Chromium 

Lithium 
Strontium 

Constituent 

Trichloroethene 

TableS.62. MEPAS resultsforSWMU 193 

PGDP security fence DOE boundary property 
Potential maximum Potential maximum 

concentration Time concentration Time 
(mgIL) (years) (mgIL) (years) 

2.018E-3 5929 1. 194E-3 7961 
2.085E+0 45.8 1.169 60.3 
2.524E-l 9854-10834 1.546E-4 9846-13283 

0 1-10,001 0 1-10,001 
0 879-10001 0 9990-10001 

3.803E+0 5929 2.133 7744 
3.562E-2 939 2.083E-2 1281 
3.805E+l 48.8 38.09 69.8 
5. 11E+O 2655 3.651 3624 
7.453E+0 9854-10834 4.565E-3 9846-13283 

TableS.63. MEPAS results for SWMU 194 

PGDP security fence DOE boundary property 
Potential maximum Potential maximum 

concentration concentration Time 
(mgIL) Time (years) (mgIL) (years) 

0 0-10,001 0 0-10,001 
7.24E+1 3.783 1.7E-,1 7728 
6.7E+1 "9.7 7.57E+0 52 
1.05E+1 55.8,1; 5.167E-4 9924-11832 

Table S~64. MEPAS results for AOe 204 

PGDP security fence 
Potential maximum 

concentration 
(mgIL) 

1.428E+1 * 
Time (years) 

110.5 

DOE boundary property 
Potential maximum 

concentration 
(mgIL) 

3.66E-3 

Time 
(years) 

163 
* At,the.security fence. the computed maximum:concentration is greater than the designated initial concentration at the source of 

1.428E-07 glmL. The current receptor is located too close to .the source. creating a near-field condition that cannot be properly 
assessed by a flux boundary condition model. Concentrations have been truncated to the initial dissolved .concentration 
because of near-field conditions. 
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Table 5.65. MEPAS transport parameters for SWMU 4 

Input parameter description 

Textural classification 
Percent sand (%) 

Percent silt (%) 
Percent clay (%) 
Percent organic matter (%) 

Percent iron and aluminum (%) 

pH of topsoil 
Percent vegetative cover of site (%) 
Topsoil water capacity 

SCS curve number 

Thickness ( ft) 

Textural classification 
Sand (%) 
Silt(%) 
Clay (%) 
Organic matter content insoil(%) 
Iron + aluminum in soil(%) 
pH of pore water in, partially 
saturated zone 
Bulk density(glcmJ

) 

Total porosity (%) 
Field capacity (%) 

wngitudinal dispersivity (ft) 

Saturated 'hydraulic conductivity 
(ftJday) 
Moisture content (%) 

Textural classification 
Sand (%) 
Silt (%) 
Clay (%) 
Organic matter in soil(%) 
Iron + aluminum in soil (%) 
pH of pore' water in saturated zone 
Total porosity ( %) 
Effective porosity (%) 
Darcy velocity (ftJday) 

Thickness (ft) 
Bulk density (g/cm3

) 

17ravel distance (ft) 
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Parameter name Value 
Topsoilparameters (wt) 

W17-CLASS Silt loam 
WT-SANDI!5 

WT-SILT 
W17-CLAY 
WT-OMC 

WT~IRON 

WT-pH 
WT-VEGCOV 
WT-AVAILW 

WT~SCSN 

80 
5 

0:05 

4 

7.32 
100 

0.33 

71' 

Reference 

McCracken Co. Soil Survey (USDA 1976) 
McCracken Co .. Soil Survey: conservative 
estimate (highest % sand) 
Maximum % silt for soil type 
= 100%-% sand - % silt 
CERCLA Phase II Site Investigation (CH2M 
HILL 1992) 
Background Concentrations and Human 
Health Risk-Based:Screening Criteria for 
MetalsinSoil atPGDP (DOE 1995a) 
WAG 3 RI.data 
SWMU Maps 
McCracken Co. Soil Survey 
= available water capacity (0.20 inJin.)x root 
zone depth,(,1.65 in.) x vegetative cover (100%) 
Antecedent Moisture Condition = II (normal 
moisture); Group C hydrologic soil group: 
vegetated surface. well vegetated. 60-1 00% 

Properties oJthe partially.saturaled zones (wp) 
WP-THICK WPI54 ,I-55 ft (H\:! '. + HU Boring logs at 

WP-CLASS 
WP-SAND 
WP-SIl.T 

WP-CLAY 
WP-OMC 
WP"IRON 

WP-pH 

WP-Bl:JLKD 
WP-TOTPOR 
WP-FIELOC 

WP-LDISP 

WP-CONI:>UC 

WS-MOISTC 

WPI sandy loam 
38 

ftlday 
0.3 

4'1 
21 

0.05 
4 

6,0 

);82 
31.28 

14 

0.54 

cmlsec 
1.06E-4 

31.28 
Properties oJlhesaturated zo"e~wz) 

WZ-CLASS Loamy sand 
WZ-SAND 74 
WZ-SILT 17 

WZ-CLAY 9 
WZ-OMC 0.02 
WZ-IRON 3 

WZ-pH 6.36 
WZ-TOTPOR 37 
WZ-EFFPOR 30 
WZPVELOC 0.6 

WZ-THICK 
WZ-BULKD 

WZ-DIST 

45 
1.67 

890'ft to PGDP fence 
2985 ft to DOE 

property boundary 
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2+HU3) SWMU4 
Boring logs at SWMU 4 
BOring logs at SWMU 4 
BOring logs at SWMU 4 
BOring logs at SWMU 4 
WAG 6 geotechnical data 
DOE 1995a 
DOE 1995a 

WAG3 geotechnical data 
WAG3 geotechnical,data 
Table 2.1 of ME PAS Guidance. based'on 
soil type 
Estimated based on MEPAS guidance: 
OL = 0.01 xlthickness 
WAG 3 Work Plan 

WPI:: Moisture content = total porosity 

WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 RI data 
WAG 3 Work Plan 
Conservative estimate 
Conservative estimate; uses conductivity of 
1500 ftlday and gradient of 0.0004 
RGA (HU4 +HU 5) interval: 55-100ft1bgs 
WAG 3 Work Plan 
Distances measured along the groundwater 
flow direction from ,the northern perimeter of 
the SWMU to the PGDPfence and to the 
DOE property:boundary 



Table 5.65. MEPAS transport parameters'ror SWMU 4 (continued) 

Input parameter description 

Longitudinal dispersivity (ft) 
Transversedispersivity (ft) 
Vertical dispersivity (ft) 
Percentof,total flux to aquifer (%) 
Perpendicular distance from 
groundwater flowto~receptor(ft) 
Vertical distance below groundwater 
table (ft) 

00-001 (doc )/08240 l' 

Parameter name Value Reference 
Properties, of the satuTtJledzone (wz) (continued) 

WZ-LDISP 50.0 Reference: Bioplume groundwater model 
WZ-TDISP 5.0 Reference: Bioplume groundwater model 
WZ-VDlSP 0.1 Conservative ,estimate 
WZ-FRACT 100 Conservalive"eslimate 
WZ-YDIST 0 (Plume centerline concentrations) 

WZ-AQDEPTH o (Most conservative result) 

5-74 

• 

• 

• 



• 

• 

• 

Table 5;66. MEPAStransport parameters for SWMU 5 

Input parameterdesc:ription 

Textural classification 
Percent sand(%) 

Percent silt (%) 
Percent clay (%) 
Percent organic matter (%) 

pH of topsoil 
Percent vegetative cover of site (%) 
Topsoil, water capacity 

S€S curve number 

Thickness (ft) 

Textural classification 

Sand (%) 

Silt (%) 

€lay (%) 

Organic matter content in soil (%) 

lron+ aluminum in soil(%) 
pH of pore wate~ in partially 
saturated zone 
'Bulk density(g/cm3

) 

Total porosity (%) 

Field capacity,(%) 

i:.ongitudinal dispersivity (ft) 

Saturated hydraulic conductivity 
(ftlday) 
Moisture content (0/0) 

Textural classification 
Sand (%) 
Silt (%) 
Clay (%) 
Organic. matter in soil (%) 
Iron + a1uminum,insoil(%) 
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Parameter name Value 
Topsoil parameters· (wt) 

WT"CLASS Silt loam 
WT-SAND 15 

WT-SIL'F 
WT-CLAY 
WT-OMC 

WT-IRON 

WT-pH 
WT-VEGCOV 
WT-AVAILW 

WT-SCSN 

80 
5 

Ol05 

4 

8.25 
100 
2.44 

71 

·Reference 

McCracken Co. Soil Survey (USDA 1976) 
McCracken Co. Soil Survey: conservative 
estimate (highest %sand) 
Maximum % silt for soil type 
=100% -% sand - % silt 
CERCLA Phase" Site Investigation (CH2M 
HILL 1992) 
Background Concentrations and Human 
Health Risk-Based Screening Criteria for 
Metals in Soil at PGDP (D0E 1995a) 
WAG 3RI data 
SWMtlMaps 
McCnicken Co. Soil Survey 
= available water capacity (0.20 in.lin.) x root 
zone depth from Table 2.1 MEPAS Guidance 
(12.2 in.) x vegetative cover (100%) 
Antecedent Moisture Condition = " (normal 
moisture); 'Group C hydrologic soil group; 
vegetated surface. well vegetated. 60-100% 
vegetated 

Properties of the partially saturated zones (wp) 
WP-THICK WPI39 WPI= 1-40ft(HU 1 'Boring logs at 

WP2 20 + HU 2) WP2 = HU SWMU 5 
3 

WP-CLASS 

WP~SAND 

WP-SILT 

WP-CLAY 

WP-0MC 
WP-IRON 

WP-pH 

WP-BULKD 

WP-TOTPOR 

WP-FIELDC 

WP-LDISP 

WP-CONDUC 

WS~MOISTC 

WPI sandy clay loam 
WP2 clay loam 

WPI =38 
WP2=1O 
WPI =27 
WP2=30 
WPI = 35 
WP2=60 

0.05 
4 

WPI =6 
WP2 =6.56 
WPI = 1.76 
WP2 =2.25 
WPI =33.7 
WP2 = 15 
WPI =24 
WP2= 10 

WPI =!0.39 
WP2=O.20 

ftlday Crn/sec 
0.3 1.06E-4 

WPI= 33.7 
WP2 = 15 

Properties of the saturated ZOrle(wz) 
WZ-Cl'..ASS Loamy sand 
WZ-SAND 74 
WZ-SILT '17 

WZ-CLAY 9 
WZ-OMC 0;02 
WZ-IRON 3 

5-75 

Boring logs at SWMU 5 

Boring logs at SWMU 5 

Boring logs at SWMU 5 

Boring logs at SWMU 5 

WAG 6 geotechnical data 
DOE 1995a 
DOE 1995a and WAG 3 RI data.for WP2 

WAG 3 geotechnical data available for WP I; 
2.65 x (I-Porosity) 
WAG 3 geotechnical data available for WPI; 
SWMU 6 boring logs used as estimate fo~ WP2 
Table 2.1 of MEPAS Guidance. based on 
soil type for WP I; SWMU 5 boring logs 
used asestimateforWP2 
Estimatedlbasedon MEPAS guidance: DL = 
0.01 x thickness 
WAG 3 Work Plan 

Moisture content = total porosity 

WAG 3 Work Plan 
WA.G 3 Work Plan 
WAG 3 Work Plan 
WA.G 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 



Table 5.66. MEPAStransportparametersfor SWMU 5 (continued) 

Input parameter description 

pH of pore water in' saturated zone 
Total porosity :(%) 
Effective porosity (%) 
Oarcy velocity (ftlday) 

Thickness (ft) 

Bulk density (ft) 
Travel distance (ft) 

Longitudinaldispersivity (ft) 
Transverse:dispersivity (ft) 
Vertical dispersivity (ft) 
Percent of total flux'ioaquifer (%) 
Perpendicular distance from 
groundwater flow to receptor (ft) 
Vertical distance below groundwater 
table (ft) 
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Parameter name Value Reference 
PropertiesoJthe saturated zone.(wz).(continued) 

WZ-pH 6.47 WAG 3 RI data 
WZ-TOTPOR 37 WAG 3 Work Plan 
WZ-EFFPOR 30 Conservative estimate 
WZPVELOC 0.6 Conservative estimate; uses conductivity of 

WZ-THICK 

WZ"BULKfl 
WZ-DIST 

WZ-LDISP 
WZ-TDISP 
WZ-VDISP 
WZ-FRACT 
WZ-YDIST 

WZ-AQDEPTH 

40 

1.67 
890fttoPGDP fence 

2780{uo·DOE 
properly boundary 

5-76 

50.0 
5.0 
0.1 
100 
o 

o 

1500 fVday and gradient 0[0.0004 
RGA (HU 4 + HU 5):interval: 
60-100 ft bgs 
WAG3 Work Plan 
Distances measured along the groundwater 
flow direction from ,the northern perimeter of 
the SWMU to the PGDP fence andtO:the 
DOE,property boundary 
Reference: Bioplume groundwater model 
Reference: Bioplume groundwater model 
Conservative estimate 
Conservative estimate 
(Plume centerline concentrations) 

(Most conservative result) 

• 

• 

• 
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TableS.67~MEPAS transport parameters for SWMU 6 

Input parameter description 

Textural classification 
Percent sand.(%) 

Percent silt(%) 
Percentclay(%) 
Percent organic matter (%) 

Percent iron:and aluminum (%) 

pH of topsoil 
Percent vegetative cover of site:(%) 
Topsoil water capacity 

SCS curve number 

'Thickness (ft) 

Textural classification 

Sand(%) 

Silt(%) 

Clay (%) 

Organic matter content in soil:(%) 
Iron + aluminum in,soil (%) 
pH of pore water in partially 
saturated' zone 
Bulkdensity(glcm3

) 

Total .porosity (%) 

Field capacity (%) 

Longitudinal dispersivity (ft) 

Saturated'hydraulic conductivity 
(ft/day) 
Moisture content (%) 

Textural: classification 
Sand(%) 
Silt(%) 
Clay(%) 
Organic matter insoit.{%) 
Iron + aluminum in soil (%) 
pH of pore water in saturated tone 
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Parameter ,name Value 
Topsoil parameters (wt) 

WT-CLASS Silt loam 
WT-SAND 15 

WT-SILT 
WT-CLAY 
WT-OMC 

WT-IR0N 

WTcpH 
WT-VEGC0V 
WT-AVAILW 

WT-SCSN 

80 
5 

0.05 

4 

7.98 
90 

2.20 

71 

Reference 

McCrackenCo. Soil Survey (USDA 1976) 
McCracken Co. Soil Survey: conservative 
estimate,(highest % sand) 
Maximum % silt for soil type 
= 100% -%sand'- % silt 
CERCLA Phase II Site Investigation,(CH2M 
HILL 1992) 
Background Concentrations and Human Health 
Risk-Based Screening Criteria for Metals in 
Soil at PGDP (DOE 1995a) 
WAG 3 RI'Data 
SWMUMaps 
McCracken Co. Soil Survey 
= available water capacity (0.20 in.lin.)x root 
zone depth from Table 2.IMEPAS Guidance 
('12~2in.) x vegetative cover (100%) 
Antecedent Moisture Condition·= II (normal 
moisture); Group'C hydrologic soil group; 
vegetated surface, weB vegetated, 60-100% 
vegetated 

Properties ojthe partially saturated zones (wp) 
WNfHlCK WP,139 WPI= 1-40 ft (HU I '+- BOring logs at SWMU 

WP-CLASS 

WP-SAND 

WP-SILT 

WP-CLAY 

WP"OMC 
WP-IRON 

WP-pH 

WP-BULKD 

WP-TOTPOR 

WP-F1ELDC 

WP-LDISP 

WP-CONDUC 

WS-MOISTC 

WP220 HU 2)WP2 = HUJ 3 6 
WPI sandy clay loam Boring logs at SWMU 6 

WP2 clay loam 
WPI =38 
WP2 = 10 
WPI =27 
WP2 = 30 
WPI = 35 
WP2=60 

0.05 
4 

WPI =6.76 
WP2 =6.29 
WPI = 1.66 
WP2 =2.25 

WPI = 37.19 
WP2 = 15 
WPI =24 
WP2 = 10 

WPI' =0.39 
WP2 =0.20 

fuday Cm/sec 
0.3 1.06E-4 
WPI'=37.19 

WP2= 15 

Boring logs at' SWMU 6 

Boring logs at SWMU 6 

Boring logs at SWMU6 

WAG 6 geotechnical data 
DOEI995a 
WAG 3 Rldata 

WAG 3 geotechnical data available for WP1; 
2;65xO-Porosity) 
WAG 3 geotechnical data availablefor WP1; 
SWMU 6 boring logs used as estimate for WP2 
Table 2.!1' of MEPAS Guidance, based, on soil, 
type for WP I; SWMtJ 6 boring .Iogs used as 
estimate for WP2 
IEstimatedlhased:on, MEPAS guidance: DL = 
0.0 I x thickness 
WAG3 Work Plan 

Moisture content = total porosity 

Properties'ojthe saturated zone (wz) 
WZ-CLASS 
WZ-SAND 
WZ-SILT 

WZ-CLAY 
WZ-OMC 
WZ-IRON 

WZ-pH 

Loamy sand 
74 

5-77 

17 
9 

0.02 
3 

6.275 

WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Work Plan 
WAG 3 Rldata 



Table 5.67. MEPAS transport parameters for SWMU6 (continued) 

Input parameter description 

Total porosity (%) 
Effective porosity(%) 
Darcy velocity (ftJday) 

Thickness!(ft) 
Bulk density (glcm3

) 

Travel. distance(ft) 

Longitudinal dispersivity (.[t) 
Transverse dispersivity (ft) 
Vertical dispersivity (ft) 
Percent oftotal flux to aquifer (%) 
Perpendicular distance from 
groundwater flow to receptor (ft) 
Vertical, distance below 
groundwater table (ft) 
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Parameter name Value 'Reference 
Properties of the saturated zone (wz) (continued) 

WZ-l'OTPOR 37 WAG 3 Work Plan 
WZ-EFFPOR 30 Conservative estimate 
WZ~PVELOC 0.6 'Conservative estimate; uses conductivity of 

WZ-THICK 
WZ-BUt.KD 

WZ-DIST 

WZ-LDISP 
WZ-TDISP 
WZ-VDISP 
WZ-FRACT 
WZ-YDIST 

WZ-AQDEPrn 

40 
1.67 

920 ft to PGDP fence 
2820 ftto DOE 

property boundary 

50.0 
5.0 
OA 
100 
o 

o 

rsoo ftJday and gradient of 0.0004 
RGA (Hl:J4 +HU 5) interval: 60-100 ft bgs 
WAG 3 Work Plan 
Distances measured along the groundwater flow 
direction from the northemperimeter of the 
SWMU to the PGDP fence and to the DOE 
property boundary 
Reference: Bioplume groundwater model 
Reference: Bioplume groundwater model 
Conservative estimate 
Conservative estimate 
Wlume centerline concentrations) 

(Most conservative result) 

• 

• 

• 
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MEPAS will handle a number ot:partially saturated zones, but restricts the user to one saturated zone . 
At the PGDP the primary saturated zone ,is the RGA, and this is considered ,the primary groundwater 
pathway through which contaminants can leave the site. To represent each SWMU within WAG 3 as 
accurately as possible, available geophysical logs and borings were reviewed and a, hydrogeologic conceptual 
model was developed for theMEPAS simulations. For each of ,the SWMUs modeled in WAG 3 two or 
three model layers were used. The first two layers were the partially saturated zone (UCRS),and the third 
was :the saturated zone (RGA). A complete description of the 'hydrogeology of this area may be found in 
the WAG 3 RI report (ODE 2001'). 

The WAG 3 Rldevelopedi source terms in surface soil and' the VCRS for the fate and transport 
modeling. Tables 5.68 through 5.70 present the source term information for all: the constituents selected 
for fate and transport modeling from each SWMU. Over the H~;OOO~year model period, several VOCs, 
metals and radionuclides were shown to be the main risk drivers originating from WAG 3. ~he modeling 
results for WAG 3 are presented in Tables 5.71 through 5.73 . 
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8 Table 5.68. Development of source terms for SWMU 4 
6 
0 

~ Width Contaminant inventory calculation 1\ 
>:::: Length parallel perpendicular to forMEPAS 0 
00 Initial source to now direction now direction Thickness Volume Bulk density Inventory N .. 

Contaminant c_Qn~entratio~· (ft) (rt) (ft) (em) . (glem1) Notes 0 (g or Ci) 
Surface soil 

PCB-1260 115 ~g/kg 35 600 I 5.95E+S 1.46 9.9SE+01 Contaminants are found in the 
Uranium-234 12.S pCi/g I.IIE-02 sediments along the ditch running 
Uranium-23S 35.9 pCi/g 3.12E-02 parallel to the northern edge of the 

SWMU. The area encompasses 
samples from 004-00 I and 004-002. 

Chromium 296 mg/kg 370 70 7.33E+OS 1.46 3.17E+05 Detected above screening levels in 
004-033. 

42.3 mg/kg 6.24E+OS 1.46 3.S6E+04 Detected above screening levels in 
004-034. 

Iron 30700 mg/kg 6.24E+OS 1.46 2.S0E+07 Detected above screening levels in 
only 004-034. 

Nickel 153 mg/kg 6.24E+OS 1.46 1.39E+05 Detected above screening levels in 
only 004-034. 

Copper 19.5 mg/kg 130 ISO 6.63E+OS 1.46 !.S9E+04 Copper was detected above screening 
VI 

30.1 mg/kg SO 165 3. 74E+08 1.46 I. 64E+04 level in two samples from 004-001 I 
00 
0 aJld 004-007. 

PCB-1260 41 ~g/kg 450 35 4.46E+OS 1.46 2.67E+01 Contaminants are found in the 
Uranium-234 6.59 pCi/g 4.29E-03 sediments along the ditch running 
Uranium-238 26.4 pCi/g I. 72E-02 parallel to the eastern edge of the 

SWMU. The area encompaSses samples 
from just downstream of 004-002 to 
004~003 and the SWMU boundary. 

4-Methyl-3-penten-2-one 180 ~g/kg SO 50 7.0SE+07 1.46 I.S6E+01 Contaminant detected in one historic 
location. H214. 

Neptunium~237 0.266 pCi/g SO 165 3.74E+OS 1.46 1.45E-04 Detected above screening levels in 
one location. 004-007. 

Plutonium-239 0.0644 pCi/g 55 445 6.93E+OS 1.46 6.S2E-05 Plutonium detected above screening 
level as Pu-239 in H214 and as 
Pu-239/240 in 004-001. Pu-239/240 
used for modeling purposes. 

PCB-1260 61 ~g/kg ISS 20S 1.07E+09 1.46 9.56E+01 Contaminants are found in the 
Uranium-234 30.1 pCi/g 4.72E-02 sediments along a drainage ditch 

Uranium-23S S7.3 pCi/g 1.37E-01 running southwest at the southwest 
comer of the SWMU. The area 
encompasses samples from 004-004. 
004-006. and 004~OO7. PCB-1260 
was detected only in 004-004 . 

• • • 



• • • Table 5.68. Development of source terrm for SWMU 4 (continued) 

~ Width Contaminant inventory calculation 
8 Length parallel perpendicular to forMEPAS 
c: Initial source to flow direction flow direction Thickness Volume Bulk density Inventory 
?l Contaminant concentration" (ft) _ (ftL (ft) (cml) (glcml) (8 or Ci) Notes 
~ Subsur/ace-so,(--partiallysili,irated zone (VCRS Soils) 00 
N 
~ Aluminum 26400 mg/kg 470 610 54 4.3SE+II I.S2 2.IIE+IO Entire area and thickness of SWMU :: 

Cobalt 3 \.6 mg/kg 2.52E+07 used for modeling. 
Iron 34500 mglkg 2.75E+1O 
Copper 1130 mglkg 470 610 34 2.76E+II \.S2 5.6SE+OS Entire area of SWMU. 1-35 ft bgs 

used for modeling. 
Chromium 77.3 mglkg 470 365 20 9.72E+1O \.S2 1.37E+07 Area roughly half the SWMU used to 

model contaminant found in 3 borings 
between the depths of 22 and 30 ft bgs. 

Lead 62.5 mg/kg 470 175 20 4.66E+10 \.S2 5.30E+06 Contaminant detected above screening 
levels in H225. 004-027. and 004-037. 

Manganese 2920 mg/kg 470 640 24 2.04E+II I.S2 1.09E+09 Entire area of SWMU. 1-25 ft bgs 
used for modeling. 

Nickel 593 mg/kg 75 75 39 6.21E+09 \.S2 6.70E+06 Detected above sl in OO4-00S worst 
case assumed 16-55 ft bgs. 

Lithium 0.14S mglkg 75 80 10 1.70E+09 \.S2 4.58E+02 Detected only in 00-030 in a 48-ft 
Strontium 0.639 mg/kg \.S2 \.98E+03 water sample. No screening values 

VI for lithium or strontium. I 
00 Octachloro- 8.2 mg/g SO 100 5 I. I 3E+09 I.S2 . \.69E+01 One detection of contaminant in H227. .-

dibenzo(b.e) [ 1.4 )dioxin 
PCB-1016 2500 Ilg/kg 470 610 19 1.54E+11 1.82 7.02E+05 Entire area of SWMU from 1-20 ft in 
PCB-1248 800 Ilg!kg 2.25E+05 depth used for modeling PCBs. 
PCB-1254 27000 Ilg/kg 7.58E+06 
PCB-1260 500 Ilg/kg 1.40E+05 
PCBs. Total 4300 Ilg/kg \,2 I E+06 
Cesium-137 1.48 pCi/g 210 610 10 3.63E+1O 1.82 9.77E-02 Contaminants detected in two borings. 

004-030 and 004-056. at 6 and 3 ft bgs. 
respectively. Area roughly Yz the 
length of the SWMU and the entire 
width used for modeling. 

Neptunium-237 5.78 pCi/g 470 610 19 1.54E+ll \.82 1.62E+OO Entire area of SWMU from 1-20 ft 
Plutonium-239 4.17 pCi/g 1.17E+oO in depth used for modeling. 
Radium-226 2.51 pCi/g 7.05E-Ol 
Technetium-99 269 pCi/g 7.55E+Ol 
Thorium-230 68.7 pCi/g \.93E+01 
Uranium-234 69 pCi/g \.94E+02 
Uranium-235 7.2 pCi/g 2.02E+00 
Uranium-238 126 pCilg \.76E+03 



Table 5.68. Development of source terms for SWMU 4 (continued) 

8 Width Cont3mimint'inventory calculation 
8 Length parallel perpendicular to forMEPAS 
~ Initial source to flow direction flow direction Thickness Volume Bulk density Inventory 
7l Contal1linant concentration" (ft) (ft) (rt) (cnf) (~cnf) (g or Ci) Notes 
~ 
00 Total Uranium 6260 pCi/g 282 110 15 1.32E+1O 1.82 1.50E+02 Source term is area of the waste cell . 
N 
~ 110 292 1.36E+IO 1.55E+02 from which sample was taken. Waste :: 

cell is in an "L" shape. thus the two 
areas. 

4-Methyl-3-penten-2-one 670 Ilg/kg 80 100 5 I. I 3E+09 1.82 1.38E+03 One detection of contaminant in 
5= 10ft sample from H225. 

6-(Acetyloxy)-2-hexanone 2000 Ilglkg 80 100 29 6.57E+09 1.82 2.39E+04 Detected only in H225 in samples 
from 1-30 ft. 

bis(2- 450 Ilg/kg 80 100 5 1.13E+09 1.82 9.28E+02 One detection of contaminant in 
Methoxyethyl )phthalate 25-30 ft sample from H225. 
E:thanol. 2.2'-oxybis-. 2000 Ilg/kg 80 100 5 1.13E+09 1.82 4.12E+03 one detection of contaminant in 
diacetate 15-20 ft sample from H225. 
Pentachlorophenol 210 Ilg/kg 80 100 5 1.13E+09 1.82 4.33E+02 One detection of contaminant in 

I ~ 15 ft sample from H227. 
1.2-Dichloroethene 63 Ilg/kg 80 100 15 3.40E+09 1.82 3.90E+02 Detected only in H227 in samples 

from 10-25 ft. 
Diethyl ether 9 Ilg/kg 70 45 54 4. 82E+09 1.82 7.89E+01 Detected only in H226 in samples v-

I from 5-40 ft. 00 
IV Carbon tetrachloride 170 Ilg/kg 165 95 12 5.33E+09 1.82 1.65E+03 Detected in one sample from 

004-024. 
Trichloroethene 48000 Ilg/kg 470 610 45 3.6SE+II 1.82 3.19E+07 Entire area of SWMU from 10-55 ft 
Vinyl chloride 400 Ilglkg f·66E+05 in depth used for modeling. 
I.I-Dichloroethene 340 Ilg/kg 2.26E+05 
2-Propanol 100 Ilglkg 75 130 5 1.38E+09 1.82 2.5IE+02 One detection of contaminant in 
2~Butanone 2 llg/kg 5.02E+00 35-40 ft sample from H214. 

31 llg/kg 65 105 5 9.66':;+08 1.82 5.45E+01 One detection of contaniinant in 
14-19 ft water sample from 
004-008. waste cell. 

cis-I.2-Dichloroethene 1500 llg/kg 245 610 24 1.02E+11 1.82 2.77E+05 Area roughty 112 the length of the 
11000 llg/kg 245 610 19 8.04E+IO 1.82 1.6IE+06 SWMU and the entire width used for 

modeling. The firSt source term spans 
the depth 1~25 ft bgs; the second is 
25'-55 ft bgs. 

"All sources were defined using maximum detected concentrations . 

• • • 
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Tabie 5.69. Development of source terms for SWMU 5 0 
6 :: 
Q. Width Contaminant inventory 
~ 
~ Length parallel perpendicular to calculation for MEPAS 
co Initial Source to now now direction Thickness Volume Bulk density liiventory N 

"'" 0 Contaminant Concelltration direction (ft). (ft) (ft) (cmJ) (~cm3) (8) Notes 
Surface soil 

Alul11inul11 13800 mg/kg 435 840 I 5.59E+09 1.46 1.13E+08 Entire SWMU boundary chosen as 
2-Methylnaphthalene 150 Ilg/kg 1.22E+03 source term. 
3-Nitrobenzenamine 9450 Ilg/kg 1.7IE+04 
Acenaphthylene 9450 Ilg/kg 7.7IE+04 
Benz(a)anthracene 19000 Ilg/kg 1.55E+05 
Benzo(a)pyrene 24800 Ilg/kg 2.02E+05 
Benzo(b)tl uoranthene 49200 Ilglkg 4.02E+05 
Benzo(ghi )perylene 14600 Ilg/kg 1.19~+05 

Dibenzofuran 3520 Ilg/kg 2.87E+04 
Pentachlorophenol 357 Ilg/kg 2.9 I E+03 
PCB-1260 306 Ilg/kg 2.50E+03 
Phenanthrene 34600 Ilg/kg 2.82E+OS 
Technetium-99 5.85 pCilg 435 775 5.16E+09 1.46 4.40E-02 Entire length of SWMU chosen as 

VI source term for Tc-99 and 
I 

00 approximately 3/4 width. VJ 
*Bulk density of 1.46 used in SWMUI MEPAS modeling 

Subsurface soil partially saturated zone WPI (HUI + HU2 Soils) 
Aluminum [2400 mg/kg 235 840 39 :f.18E+1I 1.76 4.76E+09 Entire area and thickness of SWMU 

used for modeling. 
Chromium 296 mg/kg 175 2[5 14 1.49E+10 1.76 7.77E+06 Meta[s values detected above 
Iron 29200 mg/kg 7.67E+08 screening levels at 005-017 in a 20-

23 ft sample. 
Cobalt 24.7 mg/kg 90 240 3 1.83E+09 1.76 7.98E+04 Metals detected above screening 

leve[s 

Iron 33100 mg/kg 7 4.28E+09 2.49E+08 at H263 in shallow samples. 
Manganese 975 mg/kg 7.35E+06 
Benzo(ghi)pery[ene 260 Ilg/kg 90 240 7 4.28E+09 1.76 1.96E+03 Semivolati[es detected above 
Dibenzofuran 87 Ilg/kg 6.56E+02 screening levels at H263 in shal[ow 
Phenanthrene [300 Ilg/kg 9.80E+03 samples. 
RadiuTn"226 :f.2 pCilg 235 370 20 4.92E+1O 1.76 1.9IE-0[ Just over 1/2 width of SWMU used 

for source term delineation and entire 
Uranium-238 2 pCi/g 235 370 31 7.63E+10 1.76 2.69E-01 length. 

Subsurface soil partially saturated zone WP2 (HU3 Soils) 
Aluminum 16400 mg/kg 235 840 20 1.12E+11 2.25 4. I 3E+09 Entire SWMU boundary chosen as 
Cobalt 19.4 mg/kg 4.88E+06 source term. 



0 
Table 5.69. Development of source terms for SWMU 5 (continued) 0 

6 
0 

~ Width Contantinant inventory ~ 
'<: Length parallel perpelldicular to .. calculation.for MEPAS 0 
00 Initial Source to now now direction Thickness Volume Bulk density Inventory N 

"'" Contantinant Concentration direction (ft) .. (fj) (ft) (COlJ ) (g/cmJ) Notes ~ .. (g) 

Iron 29400 mglkg 7.40E+09 
Manganese 1.750 mg/kg 4.40E+OS 
Toluene 7 ug/kg 110 310 6 5.79E+09 2.25 9.12E+01 Detected only at H002 in 36-42 ft 

sample. 
Radium-226 1.73 pCi/g 235 370 20 4.92E+IO 2.25 1.92E-OI Just over 1/2 width of SWMU used 

for 
Technetium-99 3.89 pCi/g 235 370 20 4.92E+1O 2.25 4.3IE-OI source term delineation and entire 
Uranium-238 1.71 pei/g. 235 630 20 S.3SE+10 2.25 3.23E-01 length. 

• • • 
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~ Table 5.70. Development of source terms for SWMU 6 
8 
Q. Length Width Confaminant inventory 
~ a parallel to perpendicular to calculation for MEPAS 
co Initial source now now direction Thickness Volume Bulk density Inventory N .,. 

Contlllllillant c()ncentration direction (ft) (ft) (ft) (cmJ) (glcmJ) flJotj$ s: (g) 

Surface Soil 
Copper 21.3 mg/kg 65 SO I 1.47E+OS 1.46 4.5SE+03 Detected above screening levels in 
Benzo(ghi)perylene 124 ~g/kg 2.67E+01 006-001. 
Phenanthrene 461 ~g/kg 9.9IE+01 
Technetium-99 18.8 pCi/g 115 85 2.77E+08 1.46 7.60E-03 Area for modeling encompasses 006-

016 and 006-017. 
SWMU 6 Waste Cells 

Aluminum 18.800 mg/kg 40 100 10 1.13E+09 1.66 3.53E+07 Source term is waste cell" J." 
PCB-1016 255 ~g/kg 4.79E+02 
Neptunium-237 0.219 pCilg 4.12E-04 
Technetium-99 43.3 pCilg 8.14E-02 
Uranium-238 1.52 pCi/g 2.86E-03 

Subsurface soil partially saturated zone WPI (HUl+ HUl Soils) 
Chromium 116 mg/kg 45 60 17 1.30E+09 1.66 2.50E+05 Area for modeling surrounds 006-

VI 
027. the area of a relatively high , detection of chromium. 00 

VI 56.S mg/kg 90 150 25 9.56E+09 1.66 9.0IE+05 Area for modeling is entire area of 
SWMU 

Aluminum 12.100 mg/kg 39 1.49E+10 2.99E+OS 
Cobalt 17.9 mg/kg 12 4.59E+09 I. 36E+05 
Copper 20.9 mg/kg 2S 1.07E+10 3.7IE+05 
Iron 5S.700 mg/kg 39 1.49E+10 1.45E+09 
!,.ead 35.4 mg/kg 9 3.44E+09 2.02E+05 
Manganese 1550 mg/kg 12 4.59E+09 I.lSE+07 
Technetium-99 S.51 pCi/g 50 45 II 7.0IE+OS 1.66 9.90E-03 Detected above screening levels at 
Neptunium-237 0.125 pCi/g 1.45E-04 006-010. 
Uranium-23S 1.72 pCi/g 2.00E-03 

Subsurface soil partially saturated zone WP2 (1IU3 Soils) 
Aluminum 22.500 mg/kg 80 IS5 20 8.38E+09 2.25 4. 24E+OS Area for modeling is entire area of 
Cobalt 156 mglkg 2.94E+06 SWMU. less southeastern portion. 
Iron 32.900 mglkg 6.20E+OS 
Lead 25.2 mg/kg 4.7SE+05 
Iron 36.900 mg/kg 45 60 20 1.53E+09 2.25 1.27E+OS Detected above screening level at 

006-027. outside S\vMU boundary. 



TableS.'1. MEPAS results for SWMU 4 • PGDP securitl: fence DOE I!ro~rtl: bounda!}: 
Constituent Potential maximum Potential maximum 

(Daughter products are concentration J:ime concentration Time 
Source denoted,witb an asterisk) (mg/L or pCiJL~ u:ears) (mWL or I!Ci/L~ u:ears! 

Surface Soil Chromium 2.81E-40 10,000 1.95E-52 10,000 
Copper 4.40E-04 8039 1.40E-04 9585 
ilron 1.97E+00 1337 6.41E-Ol 1525 
Nickel 2.53E-03 5044 8.45E-04 6107 
PCB-1260 0 10,000 0 10,000 
Neptunium-237 5.33E-02 275.5 1. 64E-02 314.6 
*Protaclinium-233 5.33E-02 275.5 1.64E-02 314.6 
*Uranium-233 6.39E-05 275.5 2.35E-05 336.5 
*Thorium-229 8.24E-07 275.5 3.69E-07 336.5 
*Radium-225, 8.24E-07 275.5 3.69E-07 336.5 
*Aclinium-225 8.23E-07 275.5 3.69E"07 336.5 
Plutonium-239 4. 16E-04 8717 1.44E-04 10,260 
Uranium-234 1.37E+OO 4355 4. 16E-Ol 5166 
*Thorium-230 5.32E-02 4355 1.90E-02 5166 
*Radium-226 2:99E-02 4605 1.16E-02 5414 
Uranium-238 2.67E+00 4356 8.08E-Ol 5167 
*Thorium234 2.67E+OO 4356 8.08E-Ol 5167 
*Uranium-234 3,28E-02 4356 1.18E-02 5167 
*Thorium-230 6.63E-04 4606 2.79E-04 5415 
*Radium-226 2.87E-04 4606 1.33E-04 5415 
*Radon-222 2.87E-04 4606 1.33E-04 5415 
*Lead-21O 2.82E-04 4606 l.31E-04 5415 
*Bismuth-21O 2.82E-04 4606 1.31E-04 5415 
*Polonium-210 2.82E-04 4606 1.31E-04 5415 • UCRS-WPI Aluminum 0 10;000 0 10.000 
Chromium 1.l5E-37 10;000 9,22E-53 10,000 
Cobalt 3.29E+00 787.5 6.46E-01 961.3 
Copper 7. 32E+00 7992 1.46E+00 9539 
Iron 1.16E+03 1738 2.4lE+02 2055 
Lead 8.45E-42 10,000 7.54E-53 10.000 
Lithium 1.76E-03 29.91 5.06E-04 36.29 
Manganese 5.BE+01 2248 9.46E+00 2566 
Nickel l'.45E-01 5019 4.29E-02 6081 
Strontium 2.54E-05 8661 7.44E-06 10.450 
1,l-Dichloroethene 2.58E-OI 62.86 5.38E-02 68.83 
1,2-Dichloroethene 2.24E"03 18.18 6.64E-04 20.75 
Carbon Tetrachloride 5.94E-04 300;6 1.85E-04 307.2 
PCB-1016 0 10.000 0 10.000 
PCB-,1248 0 10.000 0 10.000 
PCB-i1254 0 10.000 0 10.000 
PCB-1260 0 10.000 0 10.000 
PCBs 0 10.000 0 10.000 
Pentachlorophenol 3.35E-118 10.790 6.06E-19 12.910 
Trichloroethene 2.26E+01 101.6 4.70E+00 110.7 
Vinyl Chloride 3.3IE-OI 56;6 6.90E-02 6);96 
Cesium-137 0 12,920 0 12.920 
Neptunium-237 4.88E+02 316.4 9.83E+Ol 380.4 
*Protactinium-233 4.88E+02 316.4 9.83E+01 380.4 
*Uranium-233 6.74E-01 337,5 1.63E-OI 380.4 
*Thorium-229 1.06E-02 337.5 2.89E-03 380.4 
*Radium-225 li06E-02 337.5 2.89E-03 380.4 
*Actinium-225 1.06E-02 337.5 2.89E-03 380.4 
Plutonium-239 I.09E+OI 8665 2.05E+00 10;210 • Radium-226 2.2IE-OI 8208 2.16E-02 9765 
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• Table 5.711. MEPAS results for SWMU 4 (continued) 

PGDP security fence DOE property boundary 
Constituent Potential'maximum Potential maximum 

(Daughter products are concentration Time concentration Time 
Source denoted with an asterisk) (mg/I:. or pCiIL) (years) (mgIL or pCiIL) (years) 

UCRS-WPI Technetium-99 6.34E+04 IlIA 1.32E+04 112.7 
(cont.) Thorium~230 356E-28 10;000 1.30E-43 10;000 

*Radium-226 3.58E-28 10;000 1.3 I E-43 10,000 
Uranium-234 451E+03 4329 8.94E+02 5140 
*Thorium-230 1.74E+02 4329 4.09E+01 5388 
*Radium-226 9.72E+01 4579 2.52E+01 5388 
'Uranium-235 4.75E+0I 4330 9.45E+00 5141 
*1ihori um-231 4.75E+01 4330 9.45E+OO 5141 
*Protactinium-23I 4.14E+00' 4330 9.7IE-0I 5389 
* Actinium-227 4.1IE+00 4330 9.65E-0I 5389 
*11lorium-227 4.IIE+OO 4330 9.65E-0I 5389 
*Radium-223 4.IIE+00 4330 9.65E-01 5389 
Uranium-238 8.33E+02 4330 I. 66E+02 5141 
"'Thorium,234 8.33E+02 4330 1'.66E+02 5141 
*Uranium-234 1.02E+OI 4330 2.4'm+oo 5389 
*Thorium-230 2:05E-01 4580 5.77E-02 5389 
*Radium-226 8.83E"02 4580 2~75E-02 5389 
*Radon-222 8:83E-02 4580 2.75E-02 5389 
*Lead-21O 8:67E-02 4580 2.7 I E-02 5389 
*Bismuth-2'10 8.67E-02 4580 2:7IE-02 5389 
*Polonium-210 8:67E-02 4580 2.7 I E-02 5389 
Total Uranium I 6.46E+03 4330 2.13E+OJ 5141 
*Thorium-234 6.46E+03 4330 2.13E+03 5141 

• *Uranium-234 7.94E+01 4580 3.09E+01 5141 
*Thorium-230 1.62E+OO 4580 7.38E-01 5389 
*Radium-226 6.99E-01 4580 3.52E-OI 5389 
*Radon-222 6.99E-01 4580 3.52E~OI 5389 
*Lead-21O 6:87E-01 4580 3.46E-01 5389 
*Bismuth-21O 6:87E-01 4580 3.46E-OI 5389 
*Polonium-21O 6.86E-OI 4580 3.46E-01 5389 

I Total' uranium was analyzed as an activity for the· W AG31nvestigation and not as a concentration: MEPAS does nOl contain a provision for 
totaliuranium as activity in its chemical database. so totaLuranium activities were modeled as uranium-238. 

• 
00-00 I (doc )/08240 I 5-87 



Table 5.72. MEPASresults for SWMU 5 • PGDP security fence DOE I!roperty boundary 
Constituent Potential maximum' Potential maximum 

(Daughter . products· are concentration Time concentration Time 
Source denoted with an asterisk) (mWL or I!CiIL) (!ears) (mgIL or I!CiIL) (years) 

Surface Aluminum 0 10,000 0 10,000 
Soil PCB-1260 0 20,000 0 20,000 

2-Methylnaphthalene 3.88E-05 4650 7.ooE-06 4659 
Acenaphthylene 4.35E-03 2620 8.05E-04 2658 
Benz(a)anthracene 0 20,000 0 20,000 
Benzo( a )pyrene 0 20,000 0 20,000 
Benzo(b )fluoranthene 0 20,000 0 20,000 
'Pentachlorophenol 1.08E-27 20,650 1.25E-28 22,420 
Phenanthrene 2.62E-03 13,600 3.69E-04 13,600 
Technetium-99 5.78E+0l 109.5 9.65E+00 110.7 

VCRS- Aluminum 0 10,000 0 10,000 
WP1 Chromium 0 10,000 0 10,000 

Cobalt 2.51IE-05 14,940 7.ME-06 14,940 
Iron 4.98E+Ol 1411 1. 84E+01 1602 
Iron·(at H263) 1.88E+01 1591 6.61E+00 l871 
Manganese 2.32E-01 3870 8.44E-02 4245 
Phenanthrene 6.09E-05 13,600 1.64E-05 13,600 
Radium-226 5.59E-03 12,380 1.13E-03 B,130 
Vranium-238 5.l4E-19 19,830 2.13E-19 20,590 
*Thorium-234 5;14E-19 19,830 2. 13E-19 20,590 
*Uranium-234 2.8i'E-20 19,830 1.21E-20 20,590 • *Thorium-230 2.40E-21 20,080 1.07E-21 20,590 
*Radium-226 1.93E-21 20,080 8.6JE-22 20,590 
*Radon-222 1.93E-21 20,080 8.61E-22 20,590 
*Lead-21O 1.92E-21 20,080 8.58E-22 20,590 
*Bismuth-21O 1.92E-21 20,080 8.58E-22 20,590 
*Polonium-21O 1.92E-21 20,080 8.58E-22 20.590 

VCRS- Aluminum 0 20,000 0 20,000 
WP2 Cobalt 1. 89E-03 14,940 2.81E-04 14,940 

Iron 4. 64E+02 1873 8.27E+Ol 2069 
Manganese 1.56E+01 4097 2.76E+00 4481 
Toluene 2.78E-05 321.2 1.19E-OS 344.4 
Technetium-99 2.29E+02 130.1 9.96E+Ol 138.6 
Radium-226 5.33E-03 12,380 1.04E-03 13,130 
Vranium-238 9.95E-19 19,830 1.91E-19 20,590 
*Thorium-234 9.95E-,19 19,830 1.91E-19 20,590 
*Uranium-234 5.45E-20 19,830 1.09E-20 20,590 
*Thorium-230 4'. 64E-2I 19;830 9.57E-22 20,590 
*Radium-226 3.71E-21 19,830 7.72E-22 20,590 
*Radon-222 3.71E-21 19,830 7.72E-22 20,590 
*Lead-21O 3.69E-21 19;830 7.69E-22 20,590 
*Bismuth-2:10 3.69E-21 19,830 7.69E-22 20,590 
*Polonium-210 3.69E-21 19,830 7.69E-22 20,590 

• 
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• Table 5.73. MEPAS results for SWMU 6 

Constituent PGDP security fence DOE property boundary 
(Daughter 'products ·are Potential maximum conc. Time Potential maximum cone. Time 

Source denoted with an asterisk) (maIL oq~CiIL) ~ears) (maIL orl!CiIL) ~ears) 

Surface Copper 2.56E-12 17,920 2.1lE-14 17,920 
Soil Phenanthrene 9.78E-07 13,470 2.71E-07 13,470 

Technetium-99 9.71E+00 105.1 3. 15E+00 U3.2 
UCRS- Aluminum 0 20,000 0 20,000 
Waste PCB-1016 0 20,000 0 20,000 
Cells Technetium-99 9. 15E+Ol 118.6 3.18E+Ol 120.1 

Neptunium-237 1.68E-Ol' 330.2 5.53E-02 387.1 
*Protactinium-233 1.68E-Ol 330.2 5.53E-02 387.1 
*Uranium-233 2.45E-04 348.9 9.33E-05 387.1 
*Thorium-229 3;99E-06 348.9 1. 69E-06 387.1 
*Radium-225 3.99E-06 348.9 1.68E-06 387.1 
* Actinium-225 3.99E-06 348.9 11.68E-06 387.1 
Uranium-238 4.80E-19 20,040 1.42E-19 20,790 
*Thorium-234 4.80E-19 20,040 1'.42E-19 20,790 
*Uranium-234 2.66E-20 20,040 8. 12E-2il 20,790 
*Thorium-230 2.28E-21 20,040 7.22E-22 20,790 
*Radium-226 1.83E-21 20,040 5.84E-22 20,790 
*Radon~222 1.83E-21 20,040 5.84E-22 20,790 
*Lead-210 1.82E-21 20,040 5.82E-22 20,790 
*Bismuth-210 1.82E-21 20,040 5.82E-22 20,790 
*Polonium-210 1.82E-21 20,040 5.82E-22 20,790 

• UCRS- Aluminum 0 20,000 0 20,000 
WPI Chromium 0 20,000 0 20,000 

Cobalt 8:06E-05 14,720 2.33E-05 14,720 
Copper 3.13E-'11 17,920 2.44E-13 17,920 
Iron 6,OIE+Ol 1966 2. 12E+Ol 2171 
Lead 0 20,000 0 20,000 
Manganese 4;08E~01 3690 1.4lE-01 4057 
Technetium-99 1.16E+0I 118.6 3.86E+00 120.1 
Neptunium-237 5.97E-02 330.2 11.95E-02 387.1 
*Protactinium-233 5.9E-02 330.2 11.95E-02 387.1 
*Uranium-233 9.02E-05 348.9 3.29E-05 387.1 
*Thorium-229 1.47E-06 348.9 5.95E-07 387 
*Radium-225 1'.47E-06 348.9 5.95E-07 387 
* Actinium-225 1.47E-06 348.9 5.95E-07 387 
Uranium-238 3.49E-19 20,040 1.00E-19 20,790 
*Thorium-234 3.49E-19 20,040 I.00E-19 20,790 
*Uranium-234 1.93E-20 20,040 5.75E-2'1 20,790 
*Thorium-230 1.66E-21 20,040 5.11E-22 20,790 
*Radium-226 1.33E-21 20,040 4. 13E-22 20,790 
*Radon-222 1.33E-21 20,040 4. 13E-22 20,790 
*Lead-2iJO 1.33E-21 20,040 4. 12E-22 20,790 
*Bismuthc21O 1.33E-21 20,040 4.12E-22 20,790 
*Polonium-210 1.33E-21 20,040 4. 12E-22 20,790 

UCRS- Aluminum (:) 20,000 0 20,000 
WP2 Cobalt 1.66E-03 14,720 4.96E-04 14,720 

Iron 3.28E+0I 1787 1.19E+Ol 2076 

• Iron (from 006-(27) 7.77E+00 1787 2.56E+00 2076 
Lead 0 20,000 0 20,000 
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6. SUMMARY AND, CONCLUSIONS 

This Oata Summary Report is intended to provide sufficient background information to support the 
development and assessment of remedial alternatives in the FS. The primary supporting documentation of 
the Data Summary Report is derived from the RIs and environmental monitoring Iprograms of the PGDP. 

6.1 CONCEPTU~L SITE MODEL 

A conceptual site model is the framework for the development of models of fate and transport of 
contaminants. Fate and transport modeling provides a means for assessing future risk related to a 
contaminant source. Under CERCLA, an unacceptable current or future risk presented by a SWMhl is the 
basis for taking a remedial action. The GWOU FSassesses the maximum cumulative risk from the PGOP 
by integrating the results of fate and transport modeling for each SWMU at specific exposure points that, 
are,defined, in part, by the main off-site groundwater plumes. 

Because of the diversity of SWMU types and hydrogeologic settings of the PGOP area, each RI 
requires a specific conceptual site model to support its risk assessment. The following subsections and 
Fig. 6.1' present the average conditions that prevail at the PGDP. 

6.1.1 Hydrogeology 

The PGOP is set upon a complex geologic framework that arose from multiple depositional events. 
From the perspective of contaminant transport, the geologic units of primary interest are a surface 
blanket of loess and the basin fill deposits Of the Pleistocene Tennessee River Valley. 

Excluding the south end of the industrial complex, the shallow aquifer under most of the PGDP is 
developed ,primarily in a 9-m (30-ft) thick sand-and:...gravel deposit of the ancestrallfennessee River. This 
aquifer,knownas the RGA, occurs at depths of approximately 1'8 to 27 m(60 t090ft~bgs at the PGDP. 
Where sand lenses in the underlying McNairy Formation are located .adjacent to the sand and gravel 
deposit, they, too, are included in the RGA. 

The RGA extends north of the PGOPto the Ohio River, where the river cuts down into .the McNairy 
Formation. Overall, groundwater flow in the RGA is north to discharge into the Ohio River. However, 
the primary east-west orientation of the sand and gravel lenses ,in ,the RGA and leakage from plant water 
utilities causes local groundwater flow directions to diverge to the east and west at the PGOP. 

A thick silt and clay interval overlying the RGA sand and· gravel deposit attests to a subsequent 
period of lake and; loess deposition in the ancestral Tennessee River basin. At least two horizons of sand 
and gravel lenses occur within the lake deposits. Large downward hydraulic gradients that force 
groundwater flow vertically to the RGA are prevalent across the silt and day units. The horizons of sand 
and gravel lenses support lateral groundwater flow over limited distances. In total, this groundwater flow 
system is called the UCRS. 

A buried subcrop of ' the Porters Creek Clay beneath the south end of the PGOP marks the southern-most 
advance of the ancestral Ifennessee River and forms the south boundary of the RGA. The Porters Creek 
Clay is a confining unit to groundwater flow south of ,the PGDP. A shallow water table flow system is 
developed in Pliocene gravel deposits where they overlie the Porters Creek Clay south of the PGDP . 
Discharge from the water table flow system provides baseflow .to Bayou Creek and throughflow to the 
UCRS to the east and west of the PGDP. 
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The fine sand, silt, and clay lenses that are typical ,of the upper and middle members of the McNairy 
Formation form a sharp hydraulic conductivity contrast with .the highly conductive sand and gravel 
deposits of the RGA. Thus, although a downward hydraulic potential gradient exists from the RGA to the 
McNairy !formation beneath the PGDP, the vast majority of flow in the RGA is lateral. Hydraulic potential 
gradients between the RGA and McNairy ,reverse near the Ohio River, where the McNairy Formation 
flow system also discharges. 

Figure 6.2 iNustrates the structural relationships of the main geologic units beneath the PGDP. In 
sununary, the primary groundwater flow paths at the PGDP are downward through an upper 'li8-m,C60-ft) 
interval of silt and clay (the VCRS) and laterally north in the underlying sand and gravel deposit (RGA) to 
dischw:ge into ,the RGA. The VCRS receives some throughflow from a shallow water table flow system 
ilocated south of the PGDP. A small percentage of the water that enters the RGA flows downinto the McNairy 
Formation beneath the PGDP. Near the Ohio River, McNairy Formation groundwater flows up into the RGA. 

The PGDP~s groundwater plumes mark the local main groundwater flow paths in the RGA. Hydraulic 
gradient and conductivity of the RGA are two of the primary controls that detennine groundwater flow 
rate towards the Ohio River. In general, flow velocities along the main groundwater flow paths marked 
by the PGDP groundwater contaminant plwnes are on the order of 1.7 x 10-1 to 7.1x 10;4 cnls:(0.5 to 2 ftld). 
Figure 6.3 presents the average hydraulic potential of the RGA, relative to mean sea level, for the PGDP 
area. Hydraulic gradients measured from hydraulic potential maps of the RGA range from 10-4 m/m 
beneath the PGDP to 10.3 mlm near the Ohio River, 

Pumping tests of a previous groundwater investigation and, the groundwater extraction well fields 
located in the Northeast and Northwest Plumes provide analyses of hydraulic conductivity in each of the 
two main groundwater pathways at the PGDP, The following sununarizes the results of the hydraulic 
conductivity tests: 

Test Area 

C-333 
(lIerran 1992) 

Northeast Plume Well Field 
(DOE 1997) 

Northwest Plume North Well Field 
(LMES 1'996) 

6,1.2 Groundwater Contaminants 

Units of Hydraulic Conductivity 
Northeast Plume 

em/sec 
ftlday 

em/sec 
ftlday 

Northwest Plume 
em/sec 
ftlday 

Low 

3.53x 1O'! 
1,000 

1.87 X 1O'! 
529 

9,5 X 1iO'! 
2,686 

High 

4.23 X 1O'! 
li,200 

4.28 X 1O'! 
1,213 

2.01 
5,700 

The primary groundwater contaminants known to be associated with the PGDP are TCE and 99Tc. Of 
these two contaminants, TCE is the dominant source of risk from off-site groundwater to human health 
and the environment. 

Previous Rls of SWMUs at the PGDP have identified many associated contaminants. This Data 
Summary Report accepted 34 of these for further assessment of nature and extent, including organic 
chemicals, metals, and radionuclides. Of the 34 assessed contaminants, only boron was inadequately 
represented in the spatial distribution of samples included in the GWOUdatabase. The sununary of these 
investigations and the sitewide assessment of nature and extent of contaminants are presented in Chpts. 3 
and 4, respectively, of this nata Summary Report . 
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The contaminants in each plume that are likely associated with the PGDP are as follows. 

Northeast Plume 
carbon tetrachloride 

1,I-DCE 
cis-1,2-DCE 

TCE 
barium 

chromium 
nickel (?) 
vanadium 

99Tc 

Northwest Plume 
chloroform 

1,2-DGE 
TCE 

benzene 
barium 

beryllium (?) 
chromium 

copper 
uranium 

990yc 

Southwest Plume 
TCE 
99Tc 

Aluminum, iron, and manganese appear to be ubiquitous in concentrations above background levels 
across the area. The occurrences of these contaminants are likely due to bias created by the collection of 
the groundwater samples rather than thePGDP .. 

The conclusions of the BRA of the GWOU FS provide a basis for the selection of contaminants that 
must be addressed in the ROD. As a practical measure. thealterriatives of the FS can be designed around 
TCE and 99Tc with the understanding that these actions likely will remediate the other PGDP-related 
groundwater contaminants. 

6.1.3 Contaminant Source Terms 

The SWMUs contributing significant contamination to the GWOU largely consist .of former spill and 
leak sites, waste burial grounds, and former and operational manufacturing facilities. Many of the sources 
are associated with below ground utilities. With the exception of DNAPL sites, the thick silt-dominated 
intervals of the Upper Continental Deposits (averaging approximately 18 m(60 ft), thick beneath the PGDP) 
typically affords significant ,protection to water quality in the shallow aquifer (RGA). Table 6.1 provides 
a summary of the types of release and' primary contaminants of the SWMUs assigned to the GWOU. 

6.1.4 Contaminant Exposure Route 

Current exposure to groundwater contaminants within the secured area of the PGDP is relatively 
easily controlled through administrative rules and actions and source removal. With the existing land use 
patterns around the PGDP, the chief area of concern regarding current and near-term exposure to 
groundwater are the off-site residences overlying the groundwater plumes and ecological and recreational 
receptors in Little Bayou Creek north of the PGDP, where it gains flow from the discharge of the RGA. 
The DOE has instituted a Water Policy and well capping and locking program to mitigate the current 
residential exposure pathway. 

For either ,potential receptor,current human or ecological, the exposure pathway relies upon the 
transport of dissolved contamination in the RGA from the SWMU area to the off-site exposure point. The 
dissolved contamination may be leached by infiltrating rainwater or by shallow groundwater from within the 
primary SWMU boundaries and transported through the UCRS to the RGA. In this case, the attenuation 
capacity of the Upper Continental Deposits reduces and delays the impact of the contaminant source. 
Alternatively, where DNAPL exists, secondary sources of contamination. such as free-phase TCE may be found 
in the deep VCRS or RGA. For these secondary source terms, the Upper and Lower Continental Deposits 
offer little sorptive capacity and advection within the RGA ,is the primary means of natural attenuation. 
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Table 6.1. Summary of GWOtJ contaminant sources 

Primary 
Contaminants 

Solid Waste Present 
Waste Area Group Management Unit Description Type(s) of Release (TeE or 99fc) 

Northeast Plume (AOe 202} 
6 SWMU40 C-403 Neutralization Pit leak from former waste treatment facility TCE 

(including UCRS DNAPL zone) 99oy'c 

28 SWMU99 C-745 Kellogg Building Site leaching of contamination 9'~c . ..~ . --~ 

from materials storage yard 
28 SWMU 183 McGraw Underground Storage Tank 

... 

former materials storage tank none .. 

28 SWMU 193 McGraw Construction Facilities former buildings and utilities none 
28 

... 

SWMU 194 McGraw Construction Facilities former buildings and utilities potential 
.. 

28 AOC204 Dykes Road Historical Staging Area TCE leak into drainage c;iitch Tc:E 
(including shallow soils DNAPL zone} 

Northwest Plume (AOe 201) 
6 SWMU II C-400 TCE Leak Site leal from break in storm sewer TCE 
6 SWMU26 C-400 to C-404 Underground Transfer Line former effluent pipeline none 
6 SWMU47 C-400 Technetium Storage Tank Area leak/spill from former waste storage tank 9~C 

6 SWMU203 C-400 Waste Discard Sump effluent "ipeline sump TCE 
22 SWMU7 C-747-A Burial Ground leaching from waste burial cells TCE 

(including UCRS DNAPL zone) 99oy'c 

22 SWMU 30 C>747-A Burn Area leaching from waste burial cells and 9~C 

foundation of former incinerator -_.- .. 

25 SWMU 59 North-South Diversion Ditch leaching from contaminated sediments \/'Tc 

(inside plant security fence) 
Southwest Plume (AOe 210) 

27 SWMU I t-747~COll Landfarm former oillandfarm TCE 
(including UCRS DNAPL zone) 

27 SWMU91 C-745-B Cylinder Drop Test Area former TCE dip tank TeE 
(including UCRS DNAPL zone) 

27 SWMU209 C-720 Compressor Shop Pit . former waste liquids sump. teE 
27 AOC 211 C-720 TCE Spill Site ~ Northeast 

-----
raw materials storage shed TCE 

27 C-720 Maintenance and Stores Building leaks from floor drain/storm sewer system TCE 



6.2 CONCI!..USIONS 

Trichloroethene and: ~c are the primary contaminants associated with the PGDP in off-site 
groundwater; Of these two, only TCEtypically occurs at levels exceeding drinking water standards. 
Numerous other contaminants, including VOCs, metals, and radionuclides are found in the RGA beneath 
thePGDP. For the most part, these contaminants either are not migrating off-site or are migrating off-site 
at levels only slightly above background conditions. 

By far, the highest levels of 'FCE in off-site groundwater are migrating along the axes of three main 
groundwater plumes: the Northeast, Northwest, and Southwest Plumes. Both the Northeast and 
Northwest Plumes extend beyond the DOE reservation and into residential areas. The Southwest Plume 
is still contained l within the DOE land boundaries. 

The DOE has undertaken interim actions on the cores of the Northeast and Northwest Plumes to 
prevent the further spreading of the contamination .and has employed two administrative actions, .the 
Water Policy and well capping and locking, to limit exposure via a residential pathway. In addition to 
residential scenarios, the Northwest Plume poses potential exposure to groundwater contamination to 
recreational and ecological' users of Little Bayou Creek. Both the GWOU FSand the upcoming SWOU 
RI win assess the need for an action for l.ittle Bayou Creek, related to dischargeofthe Northwest Plume . 
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