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Main Plant and Landfills Introduction 

I .O INTRODUCTION 
A multi-media Consent Order was entered into between the West Virginia Departmcnt of 
Environmental Protection (WVDEP), the West Virginia Department of Health and 
Human Resources-Bureau for Public Health (WVDHHR-BPH) and DuPont on 
November 14,2001. A copy of the Consent Order (Order No. GWR-2001-019) is 
'contained in Appendix 1.  
The Consent Order identified a series of requirements to be performed by the Parties 
(WVDEP, WVDHHR-BPH, and DuPont) in order to determine whether there has been 
any impact on human health and the environment as a result of releases of ammonium 
perfluorooctanoate (C-S), CAS Number 3825-26-1, to the environment from DuPont 
operations at the Washington Works main plant and the associated landfills (Local, Letart 
and Dry Run). The C-8 Groundwater Investigation Steering Team (GIST) was 
established in the Consent Order to oversee investigations and activities that will be 
conducted to assess the presence and extent of C-8 in drinking water, groundwater, and 
surface water at and around the main plant, and the Local, Letart and Dry Run Landfills. 

Pursuant to Attachmcnt A of the Conscnt Order, three tasks will be performed by DuPont 
and evaluated by the GIST, Tasks A, B, and C. This report addressed Task B. The 
primary objective of Task B is to develop and implement a nionitoring plan that 
determines the presence and extent of C-8 in drinking water, groundwatcr and surface 
water in and around the main plant, and the Local, Letart and Dry Run Landfills, and to 
provide a compilation of available groundwater/surface water monitoring results and 
hydrogeologic characterization data for each location. This document was prepared to 
meet the data compilation objective. 

I .I Document Organization 

Sections 2.0, 3.0,4.0, and 5.0 present the historical data available for the main plant and 
the Local, the Letart and the Dry Run Landfills, respectively. Each section includes text, 
tables, and figures specific to the site being discussed in that section. At the end of each 
section, data gaps are identified. The same outline is used for each scction. Data 
presented in each section includes information (to the extent that information was 
available) as requested in Table A-1 of the Consent Order. In addition,supplemental 
information is provided as needed to develop and present a site conceptual model for the 
four locations discusscd. 

1.2 C-8 Historical Laboratory Analysis of C-8 

The analytical method, method detection limit, and laboratory utilized for C-8 analysis 
has changed over time. Prior to 1991 , DuPont performed C-8 analysis at the DuPont 
Experimental Station in Wilmington, Delaware. In 1991, when the RCRA Verification 
Investigation was conducted, the analysis was contracted to the CHzMHill Laboratory in 
Montgomery, Alabama. Both labs used a Gas Chromatographyhlass Spectrometry 
based analytical method with detection limits for C-8 that rangcd from 0.1 to 1 .O @I. 
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1.3 

CHzMHill conducted C-8 analysis for DuPont into the fall of 1998 when the laboratory 
ceased operation. At that time, DuPont had completed one round of analysis for the 
RCRA Facility Investigation (RFI). The analytical work was transferred to Lancaster 
Laboratories, Lancaster, PA, for the RFI second round analysis in February 1999. 
Lancaster Laboratories continued to conduct C-8 analysis using GC/MS for DuPont until 
October 2001, when development and testing was initiated on a new analytical method 
developed by Exygen Research, Inc. (located in State College, PA) that utilizes Liquid 
Chromatography/Tandem Mass Spectrometry (LCRMSIMS). DuPont adopted the use of 
LC/MS/MS €or C-8 analysis in November 2001. 

DuPont intends to submit to WVDEPEPA all documentation relating to C-8 analysis 
using the LC/MS/MS. The analytical methodology, sampling methodology, and 
applicable quality controYquality assurance program will be documented in a Quality 
Assurance Project Plan (QMP) to be submitted to the Groundwater Investigation 
Steering Team (GIST) in carly 2002. 

Physicochemical Data for Ammonium Perfluorooctanoate (C-8) 

C-8, also identified as FC-143, is a fluorinated surfactant used in the fluropolymer 
manufacturing at the main plant. Figure 1.0 shows the solubilities of C7F1.2 COOM in 
water as a function of temperature (Figure 6.9 in Kissa, 1994). The following summary 
Iists the physicochemical data available for C-8 (Kissa, 1994): 

Molecular Formula = CF3(CF&COOm+ 

Molccular weight = 43 1.098 $mole 

LD50 acute oral rat = 680 mgkg  

BCF = 1.8 

pH - 5 (0.5% aqueous) 

pKa = 2.8 (-COOH) 

Melting Point = 56-53°C (-COOH) 
COD = 700 mg/kg 

Koc = 25 

Water Solubility > 1000 mg C-8/L 

Vapor pressure (at 22°C) = 7.1 x 

Kraft Point = 2.5 "C 

Critical Micelle Concentration = 33 mnoVL 

mm Hg 

LDro: Leiha1 Dose SO - Dose having 50% probability of causing dcath 
DODN : Biochemical Oxygen Denland - Slanddrd measurmcni is made for 5 days ai 20 degrees C 
BCF: Bioconcenmtion Factor 
pKa: Negative log of the ionization constant - Meawre ofacidity or acid smngth 
COD: Chemical Oxygen Drmand 
Koc: Organic Carbon Partitioning Coefficient 
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Main Plant and Landfills Washington Works Main Plant 

(I) 2.1 Introduction 

The Washington Works Main Plant (main plant) is located along the Ohio River in 
Washington, West Virginia, approximately-seven miles southwest of Parkersburg, West 
Virginia (Figure 2.0). A water use and well survey is currently being conducted for the 
area within a 1-mile radius of the main plant and Local Landfill property boundaries 
(Figure 2.1). 

Significant historical hydrogeologic and groundwater quality data for C-8 at the main 
plant is available from previous investigations that have been conducted. The most 
significant study was a Resource Conservation and Recovery Act (RCRA) Facility 
Investigation ( S I )  conducted in the fall of 1998 on four Solid Waste Management Units 
(SWMUs) at the main plant to satisfy requirements of the RCRA Hazardous and Solid 
Waste Amendments (HSWA) Permit Number \?'vD 04-587-2591 (DuPont, 1999). A 
brief description of each of the SWMUs investigated is presented below. SWMU 
locations are shown on Figurc 2.0. 

0 SWMU A-3, Riverbank Landfill: The Riverbank Landfill is about 4,500-feet 
long and lies along the northern edge of the site near the Ohio River. It was 
operated between 1948 and the late 1960s and received powerhouse ash, 
incineration ash, plastics, rubble, and plant trash. After closure, it was covered 
with 6 to 35 inches of soil. Currently, the Riverbank Landfill is covered with 
dense vegetation (on the sloped area) or by buildings and pavement in the 
manufacturing area. 

c1 SWMU B-4, Anacrobic Digestion Ponds (Digestion Ponds): Three former 
digestion ponds are co-located within a portion of the Riverbank Landfill. One 
pond dates from the 1950s and two others from the 1970s. The ponds received 
waste from the fluorocarbon manufacturing process (including C-8) until 1388, 
when the pond contents and upper few feet of clay liner and pond berm material 
were removed and disposed of off-site. The pond area was backfilled and capped 
with topsoil, and the area is currently vegetated with grass. 

CI SWMU C-6, Polyacetal Waste Incinerators (Waste Incinerators): The former 
Waste Lncinerators consisted of two brick-lined pits in the western portion of the 
manufacturing area. The Waste Incinerators operated between 1959 and 1990. 
Thc Waste Incincrators have been excavated and backfilled with clean soil. 

0 SWMU H-14, Burning Ground: The Burning Ground is located in the central 
portion of the manufacturing area and was operated between 1948 and 1965. 
Since 1990, the Burning Ground has been leveled, backfilled with clean fill and 
gravel, and covered by buildings and asphalt. 

A previous Verification Invcstigation (VI) found evidence of releases of C-8 to soil and 
groundwater at the Riverbank Landfill, Digestion Ponds, and Burning Ground (DuPont 
1992). Little evidence of releases were found in soil at the site of the former Waste 
Incinerators. Further investigations and evaluations were performed during the RFI to 
determine the extent of releases in groundwater. 
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2.2 

2.2.1 

2.2.2 

Plant-wide groundwater sampling was also conducted during two separate monitoring 
events, the f i s t  in November 1998 and the second in February 1999, during the RFI. The 
sampling events focused on evaluating groundwater quality at existing and newly 
installed wells associated with the Burning Ground and Riverbank Landfill/ Digestion 
Ponds SWMUs. 

All plant wells sampled during the RFI were analyzed for C-8. C-8 was detected in all 
groundwatcr samples. C-8 concentrations and the extent in groundwater is discussed in 
Section 2.3 Water Quality. 

E nvi ronmen tal Setting 

Geology 

The geology of the main plant is shown on six geologic cross-sections developed during 
the VI (DuPont, 1992) and revised based on additional findings fi-om the RFI. The 
locations of the geologic cross-sections are shown in Figure 2.3. Two east-wcst cross- 
sections, A-A' and F-F', are shown on Figures 2.4A and 2.4F. Four north-south cross- 
sections, B-B', C-C', D-D', and E-E' are shown on Figures 2.4B, 2.4C, 2.4D and 2.4E, 
respectively. The cross-sections were developed from detailed geologic logs recorded 
during the VI and RFI, and from less detailed llistoric geologic logs from test and 
production wells and geotechcal  borings drilled in the late 1950s through the early 
1980s. Some monitoring wells shown in Figure 2-3 were later abandoned. The current 
site map (Figurc 2.2) shows thc monitoring wells that currently exist at the site. 

The main plant rests on Quaternary alluvial terrace deposits in the Ohio River Valley. 
The alluvial terrace is topographically flat and lies approximately 50 fcct above thc Ohio 
River, which flows east to west past the main plant (see Figure 2.0). The alluvial terrace 
is underlain by a flat, river-scoured bedrock surface of the Dunkard Series that rises 
steeply and outcrops in the southern edge of the site to form the valley wall. 

The Quaternary alluvium ranges from 60 to 100 feet in depth and consists of coarsening 
downward unconsolidated river deposits of poorly to well-sorted, brown and gray sand, 
silts, clay and gravel. The Dunkard Series bedrock consists primarily of red and 
varicolored sandy shale; gray, green and brown sandstone; and minor beds of coal, 
claystone, black carbonaceous shale, and limestone. 

The average river watcr clcvation is about 580 feet above Mean, Sea Level (MSL) and the 
elevation of the Ohio River terrace deposits under the main plant are about 630 feet 
above MSL. Due to riverbank undercutting, some slumping of clay and silt exists along 
the northern boundary of the main plant along the river's edge. Figure 2.4C shows an 
example of the relationship of fill and clay layers along the riverbank. 

Hydrology, Hydrogeology and Groundwater Flow 

H y d rol og y 
Regional water needs are primarily satisfied by the Ohio River and Little Kanawha River 
ncar Parkersburg. These sources provide water to the cities of Parkersburg, 
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West Virginia and Belpre, Ohio. In less populated areas (Le., near the main plant), the 
local communities receive water 6-om small local water companies that obtain their water 
from production wells screened in the Quatcmary nvcr alluvium. 

Surface water at the main plant discharges through drains and storm sewers, and drainage 
swales. Seeps located along the riverbank may originate from precipitation that has 
infiltrated topsoil or fill and that flows along the top of the underlying shallow clay and 
discharges along the riverbank. Two drainage swales, one Iocated in the facility’s 
-southwest comer, and the other located on the extreme eastern end of the facility, convey 
surface runoff during rainy weather to thc Ohio River. During dry weather, the drainage 
swales are dry. 

Hydrogeology 
Regional groundwater supplies are obtained &om the Dunkard Group bedrock and Ohio 
River alluvial terrace deposits. The saturated portion of the Ohio River alluvial terrace 
dcposits comprise the principal rcgional aquifer used for water supply purposes. 
Production wells completed in this aquifer have been known to yield up to 500 gallons 
per minute (gpm) (Schultz, 1984). Based on these high yields, numerous industrial and 
commercial water supply companies obtain water from the alluvial aquifer. The yield 
from alluvial aquifer wells is related to the well’s position with respect to the river, as 
wcll as formation grain size and thickness. 

The Ohio River alluvial terrace deposits contain a single key aquifer underlying the main 
plant. The water table occurs at a depth of about 60 to 70 feet below ground surface in 
the main plant area. The saturated zone is approximately 30 to 40 feet [hick, extending to 
the surface of the underlying Dunkard Group. The on-site production water wells 
completed in the site aquifer yield 200 to 450 gpm. The underlying Dunkard Group is 
not a major aquifer. The upper zone of the Dunkard Group (Washington Formation), 
which consists primarily of shale and silt, likely bounds the lower extent of the site 
aquifer. In addition, regional groundwater conmiunication between the Ohio River and 
bedrock will likely result in upward gradients to the alluvial aquifer. 

Groundwater quality in the alluvium in this region tends to be naturally poor, having thc 
highest median chloride, sulfate, hardness (as calcium carbonate), iron, and manganese 
conccntrations of all hydrogeologic units in the region (Schultz 1984). Water from the 
alluvium generally is a calcium bicarbonate type, with near neutral pH and high dissolved 
solids content. 

Natural recharge to the alluvial aquifer comes from various sources, including: 

m 

0 Infiltration of precipitation falling directly on the alluvium 

0 Lateral movement of the river water through the alluvium via permeable sand and 
gravel z o n a  

0 Sccpage from stream tributaries that discharge to the Ohio River 

The maximum amount of water available to the alluvium depends on the degree of 
hydraulic connection to the river. The degree of hydraulic connection is a function of the 
permeability and thickness of the riverbed, permeability and thickness of the alluvium, 
and hydraulic gradient bctween the groundwater and the river. Pumping of on-site active 0 
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well fields near and parallel to the river (i.e., the Ranney Well, the DuPont-Lubeck Well 
Field, and the East Well Field shown in Figure 2.2) lowers the groundwater level in the 
alluvial aquifer to below river stage. This induces water from the river to flow into the 
alluvium toward the wells, which replaces water pumped from storage in the aquifer, and 
helps sustain high-yield pumping wells. 

- 

Groundwater Flow 
Groundwater generally flows to the south-southwest in the alluvial aquifer. However, 
groundwater elevations, flow directions, and flow rates on-site are strongly influenced by 
the Ohio River and by pumping of on-site production wells. The on-site production wells 
include the Ranney Well, a radial collector well which pumps 800 to 1,000 gpm; the 
sewn wells in the East Well Field, which pump a combined average rate of 2,000 gpm; 
and the five DuPont-Lubeck wells, which pump about 700 gpm combined. 

Groundwater elevation contour maps for the alluvial aquifer developed from data 
measured in November 2000, February 1999, and November 1998 are presented as 
Figures 2.5A, B, and C, respectively. The direction of groundwater flow is indicated by 
the flow arrows. As shown on the groundwater elevation contour maps, groundwater 
flow in the northeast part of the site is toward the East Well Field wells. In the north- 
central portion of the site, groundwater flow is toward the Ranney Well. In the central 
and western portion of the site, groundwater flow is south-southwest towards the DuPont- 
Lubeck Well Field. Pumping of the production wclls (Ranney Well, East Wcll Field, and 
the DuPont-Lubeck Well Field) eliminates off-site migmtion of impacted groundwater 
that may originate from thc S \ W  arcas. Additional groundwater elevation data was 
obtained from the General Electric (GE) property located to the west of the main plant. 
Data from thc main plant and GE were used in calibrating the Washington Works 
groundwater model (DuPont, 1999). The groundwater model conclusions indicated that 
groundwater from the main plant area is contained to the DuPont property by operation of 
the site production wells. 

In a 1990 hydrogeologic assessment, production wcll specific capacity testing of the 
DuPont-Lubeck Well Field and the East Well Field was conducted. The results were 
uscd to calculate the transmissivity and the hydraulic conductivity of the alluvial aquifer 
(DuPont 1990). In the vicinity of the DuPont-Lubeck Well Field, transmissivity values 
ranged between 1 14,900 and 127,500 gallons per day per square foot (gpd / f r2 ) .  In the 
vicinity of the East Well Field, the transmissivity values ranged between 16,050 and 
50,000 gpd/ft2. Hydraulic conductivity values were calculated from the transmissivity 
values for the East Well Ficld. For Wells AX13-PWOI and AZ13-PW01, the hydraulic 
conductivity values ranged from 0.01 3 to 0.055 centimeters/second (cdsec)  and from 
0.01 to 0.049 cdsec ,  respectively. 

Using the hydraulic conductivity values from the 1990 study and the hydraulic gradient 
values determined from groundwater clcvations measured in 1990 and assuming an 
effective porosity value for sand and gravel of 35 %, the groundwater flow velocity for 
several well pairs was calculated. The groundwater flow velocity was estimated at 
5 feelMay (Wd) between monitoring wells T13-MWOl and L18-MWO1 in the southwest 
portion of the site. A groundwater flow velocity of 3 A/d was estimated between 
monitoring wells P06-MWO1 and K14-MWO1 in the western central portion of the site. 
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2.3 

2.3.1 

2.3.2 a 

In the eastern portion of the site, a groundwater flow velocity of 2.5 fUd was estimated 
for the site aquifer between monitoring wells ALlO-MWOl and A009-MW01. 

Groundwater seeps at the Riverbank Landfill were identified and sampled during the VI 
(DuPont 1992). An active French-Drain pundwater  colIection has been in operation at 
the Riverbank Landfill since 1991. The RFI verified that the collection system 
effectively captures water at the seep area. 

Water Quality 

Surface Water Quality 

Historical surface water C-8 concentrations are presented in Table 2.1A. Surface water 
sample locations are shown on Figure 2.2. Surface water C-8 concentrations were 
measured in 2000 and 2001 at two outfalls, 002 and 005 and at two river locations. The 
outfalls have been sampled monthly since February 2001. Outfall 005 C-8 
concentrations have ranged from I .43 ug/l to 199 ug/l, while Outfall 002 C-8 
concentrations overall have been much lower, ranging fkom 0.436 ugA to 8.54 ug/l. In 
general, Outfall C-8 concentrations have significantly declined in 2001. This is the result 
of installation of a carbon adsorption trcatmcnt systcm in the fluropolymers process. The 
system is designed to remove a major percentage of C-8 from the process wastewater. 

Groundwater Quality 

Concentrations of C-8 in groundwater sampled at the main plant have been evaluated 
since 1991 (Table 2.1B), however, the wells sampled and the sampling frequency has 
been variable. Some wells have been monitorcd annually since 1996 and others have 
been monitored quarterly starting in January 2001. Two plant-wide goundwater- 
sampling evcnts wcrc conducted as part of the RFI (November 1998 and Febniary 1999) 
and are discussed below. The sampling events focused on evaluating groundwater 
quality from existing and newly installed wells associated with the Burning Ground and 
Riverbank LandfilVDigestion Ponds SWMUs. 

All plant wells sampled during the RFI were analyzed for C-8. At the Rivcrbank 
LandfilVDigestion Ponds area (in the western portion of the Riverbank Landfill), C-8 was 
detected in groundwater and previous seep samples. Figurcs 2.6C and 2.6D depict the 
well localions and results for C-8. Measured concentrations ranged from ~ 0 . 1  to 13,600 
pg/L. Conccntrations werc bclow 40 pg/L in 28 of the 37 wells sampled; in the other 9 
wells. maximum concentrations ranged from 380 to 13,600 pg/L. The highest 
concentrations were measured in monitoring wells P04-MW02 and R04-MW02, near the 
Digestion Ponds area. 

The RFI C-8 concentration values wcrc utilized for contouring. Isoconcentration maps 
were prepared and are presented in Figures 2.6A and 2.6B. 
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2.3.3 Drinkingnap Water Quality 

Production Well AM07-PW01 (historically known as well 336) supplies potable water to 
the main plant. C-8 concentrations in drinkingltap water have been measured at four 
distribution points on the plant periodically since May 1999 (Table 2. IC). 
Concentrations ranged fiom 0.213 ug/l lo 0.589 ugk C-8 concentrations detected at three 
sampling points in the distribution system on October 11,2001 were 0.507,0.45, and 
0.423 ug/l, respectively. No obvious trends are seen in the data. 

2.4 Site Conceptual Model 
The main plant site conceptual model describes the potential exposure routes for current 
and future human and ecological receptors. Potential exposure routes were evaluated and 
classified as complete or incomplete. 

Direct exposure to C-8 bearing materials contained within the SWMUs is minimal or 
non-existent, because these materials have been removed and regraded or paved (Burning 
Ground, Wastc Incincrators, and Digestion Ponds) or covered and vegetated. Therefore, 
contact with these materials is considered to be an incomplete exposure pathway. 

A large portion of the plant site is covercd with asphalt and concrete. Hcnce surface 
water contact with C-8 impacted soils or groundwater is not likely in these areas. 
Therefore, surface water contacting C-8 impacted soils is Considered to be an incomplete 
exposure pathway. Much of the precipitation falling on site is routed toward drains and 
stonn sewers, which ultimately discharge into the Ohio River. Precipitation falling on 
the riverbank slope either percolates into the soil or runs off to thc river. The sccps that 
occur in places along the riverbank are probably caused by percolated water that 
accumulates above the slumped, low-permeability clay and silt of the Ohio River deposits 
that underlie topsoil and f i l l  along the riverbank. Contact with impacted seep water is 
considered to be an incomplete exposure pathway due to the active fiench-drain 
groundwater colIection system. 

Direct exposure to groundwater impacted by C-8 is also considered to bc an incomplete 
pathway because groundwater is located at about 60 feet bgs. The only potential contact 
route for groundwater is via contact with water pumpcd from production wells. Water 
pumped fiom production wells is used for two purposes, supplying drinking water and 
providing industrial process water. 

Well AM07-PWOl is one of three production wells that provides drinking water to the 
main plant. Other wells are A008-PW01 and AQ09-PWO1. AMO7-PWO1 was sampled 
eight times. Measured concentrations of C-8 in this well suggested that this exposure 
pathway is considered to be complete. However, average conccntrations of C-8 in 
drinking water at point of use (which is a mixture of water fiom the three wells) will be 
lower than the maximum concentrations detected in any single well. Contact with 
impacted drinkingltap water is a complete exposure pathway. 

C-8 was detected in production wells providing industrial process water (K16-PWO1, 
VOS-PWOl, and L04-PWOl). The maximum concentration of C-8 was detected in well 
K16-PWOI (16.2 ug/l). Water from these wells is not used for drinking, but rather for 
industrial processes including non-contact and contact cooling water, fire water, process 0 
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water, conversion to demineralized water to generate steam, and/or consumption in the 
manufacturing processes. There is a potential for limited contact, however, this contact is 
expected to be minimal. Average concentrations of C-8 in process water at the point of 
use (which is a mixture of water from several production wells) will be lower than 
maximum concentrations detected in any single well. Therefore, while this exposure 
pathway is complete, it is considered to be minimal. 

The RFI ecological evaluation focused on identifying whether significant ecological 
resources may be exposed to site-related constituents released from the S W s .  This 
evaluation conchded that surface soil at the Riverbank LandfilVDigestion Ponds is the 
only potential ecological exposure medium within the RFI study area. Surface water 
contact with C-8 impacted soils or groundwater is not likely because the Waste 
Incinerators and Burning Ground SWMUs are covered with gravel, asphalt, or buildings 
and do not provide ecological habitat. Subsurface soil (greater than 2 feet) and 
groundwater are not exposure media of concern for ecological receptors, and 
groundwater does not discharge to sufacc water at the site. 

2.5 Data Gaps 
The following data gaps were identified for thc main plant: 

0 Additional monitoring wells are needed to further delineate C-8 concentrations in 
groundwater and to evaluate groundwater flow directions, particularly for 
groundwater flow in the bedrock below the unconfined alluvial aquifer. 

0 Continued refinement of the groundwater model for the main plant is required to 
reevaluate that groundwater capture by the pumping wells is occurring at the site 
and that no off-site migration of C-8 impacted groundwater is occurring. 

D Surface water quality in  the Ohio River should be evaluated. A separate work 
plan is currently being designed to address this issuc. 

Activities to fil l  the data gaps will be proposed and discussed in the work plan. 
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Table 2.0 
Monitoring Well Construction Data 

DuPont Washington Works Main Plant 
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Table 2.1A 
Summary of Analytical Results: 
C-8 in Surface Water Samples 

DuPont Washington Works Main Plant 
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Summary of Analytical Results: 
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Table 2.1 B 
Summary of Analytical Results (con’t.): 

C-8 in Groundwater DuPont Washington Works Main Plant, Washington, W 

R = unusable data result (relative to W Q C )  
J = estimated value (below laboratory quantification lirnlt) 
L = posslble low bias result (relative to W Q C )  
B= compound detected in QC blank 
e Non-delect at slated laboratory method detection limit 
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3. I 

3.2 

3.2.1 

Introduction 
The Local Landfill is located immediately adjacent to the main plant off the southern 
perimeter (Figure 3.0). The landfill and plant are located along the Ohio River in 
Washington, West Virginia, approximately seven miles southwest of Parkersburg, West 
Virginia. A water use and well survey is currently being conducted for the area within a 
I-mile radius of the landfill perimeter (Figure 3.1). 

The Local Landfill consists of three separate closed cells located on the heavily wooded 
250-acre site. The cells were operated from 1964 to the middle 1380s under West 
Virginia/National Pollutant Discharge Elimination System (WVNPDES) Permit No. 
0076538. The permit is currcntly undergoing renewal and is expected to be effective in 
January 2002. The permit requires monthly surface water sampling and semi-annual 
groundwater monitoring. 

Materials landfilled included scrap product, scrap metal, wood pallets and bins, and 
Powerhouse ash. Approximately 144 tons of waste per year wcre disposed in the landfill. 
Powerhouse ash comprised about 70 percent of the total waste. The specific source of C- 
8 in historical groundwater and surface water samples collected kom on-site locations 
has not yet been determined. The cells were closed and covered with approximately two 
feet of low permeability soil. 

Figure 3.2 shows the location of the three cells, monitoring wells, and surface water 
sampling points. The cells havc no compactcd or synthetic bottom liners. However, a 
hydrogeologic evaluation indicated that the natural soil present under the cell materials is 
cornposcd of reddish brown clay and weathered shale having a very low hydraulic 
conductivity of about 5 X c d s e c  (DuPont, 1990) and ranges from 3.5 to 19.5 feet in 
thickness. 

Environmental Setting 

Geology 

The Local Landfill is situated in a hilly area with relief of approximately 30 to 40 feet. 
The slopes appcar to be a combination of natural topography with terraced outcrops of 
massive sandstone and siltstone underlying varying amounts of soil cover and man-made 
landfill plateaus. The locations of two cross-sections developed for the Local Landfill are 
shown in Figure 3.3. The hvo cross-sections, A-A’ and B-B’, are shown in Figures 3.4A 
and 3.4B, respectively. 

A shallow tight clay layer starting at ground surface ranges from three to 25 feet thick. 
The clay contains some minor sandy and silty zones, and some pebbles and fragments of 
sandstone in some locations. The clays are of low plasticity and appear to be well 
compactcd, often displaying a laminar structure (DuPont, 1990). Underlying the shallow 
clay layer is weathered shale ranging from 10 to 35,feet thick. Below this compctcnt 
bedrock is present at depths ranging from 21 to 40 feet below ground surface. 
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The bedrock at the Local Landfill consists of intcr-bedded red and varicolorcd sandy or 
calcareous shale, and gray, green, and brown sandstone of the Permian age Dunkard 
Group. The maximum thickness of the Dunkard Group in this region is 570 feet. The 
cross-sections show that the sandstone layers dip gently towards the north. Most of the 
sandstone layers located in the upper portion of the stratigraphic section are lenticular and 
laterally discontinuous. Two laterally continuous sandstone layers arc located in the 
lower stratigraphic section. 

3.2.2 Hydrology, Hydrogeology and Groundwater Flow 

Hydrology 
In general, infiltration of precipitation is limited due to the very low hydraulic 
conductivity (5 x 
weathered bedrock (DuPont, 1992). In addition, infiltration of precipitation into the cells 
is limited by approximately 2-feet of low permeability soil and vegetative cover capping 
of the cells. Leachate froin the southern cell and the eastern cell flows from the seeps in 
the steep valley walls to leachate collection ponds, Pond 1, 2 and 3 (Figure 3.2). 
Leachate from these ponds is discharged into a pipeline and conveyed to the main plant 
where it passes through storm water Outfall no. 001 into the Ohio River. Monitoring of 
combined pond effluent conveyed in the pipeline is conducted at Outlet 101. 

Hydrogeology 
Groundwater underlying the Local Landfill occurs in hvo zones. The discontinuous upper 
zone coiisists of the clays and underlying weathered bedrock and has a very low 
hydraulic conductivity (DuPont, 1992). Thc lowcr zone consists of the continuous and 
discontinuous sandstone 1ayers.having low permeability of 1 x 10’ c d s e c .  The 
sandstonc layers are separated by laterally continuous shale layers. Well yields from the 
sandstone layers are very low, ranging from ~ 0 . 5  gpm to 1.5 gpm (DuPont, 1332). The 
upper (and thicker) of the two laterally continuous sandstone layers located in the lower 
zone at elevations between 710-740 feet above Mean Sea Level (Figures 3.4A and 3.4B) 
has been designated as the “underlying significant aquifer” and is currently monitored 
semiannually as required by thc permit. 

In 1989, eight monitoring wells were installed at the Local Landfill by Tetra Tech 
Richardson (LLMW-I through 8). However, five of these monitor wells (LLMW-1, -2, - 
3 :  -5: and -7) were closed in 1996 because they were screened in the discontinuous 
shallow clays and underlying weathered bedrock. LLMW-8, a bedrock well, was closed 
in 1997 because it was dry. Two additional bedrock wells, LLMW-9 and -10 were 
installed in 1995 and 1997, respectively. LLMW-9 was installed as a background well. 
These wells are screened within the significant underlying aquifer. Table 3.0 summarizes 
the well construction data for the existing monitoring wells. 

Groundwater Flow 
Groundwater elevations have been measured semiannually since 1994. Groundwater 
elevation contour maps for the significant underlying aquifer have been prepared fiom 
this data as required by the WVNPDES Permit No. 0076538. Figures 3.5A through 3.5G 
present maps for 2001 through 1996 and 1994. The groundwater contours were 

c d s e c )  of the surficial clays (where these clays exist) and the 
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transferred from the original maps submitted for the permit to the updated Local Landfill 
base map. 

Evaluation of limited groundwater elevation data for the closed wells (based on well 
installation information) indicates a downward vertical gradient between the upper 
discontinuous water bearing zone and the lower sandstone layers containing the 
underlying significant aquifer. IR addition, C-8 present in the underlying significant 
aquifer provides M c r  support for a downward vertical gradient. 

The groundwater contour maps for the underlying significant aquifer show that flow is 
from the south to the north towards the plant. The sandstones of the underlying 
significant aquifer outcrop in the valley walls where discharge may occur as seeps. 
However, groundwater may also flow downslope within the fractured rocks of the valley 
walls and ultimately enter the alluvial terrace deposit on the main plant. Groundwater 
discharging to seeps ultimately migratcs to the plant through a number of pathways. It 
can discharge downward to leachate collection ponds and pipes to the main plant where it 
enters storm sewers and discharges to the Ohio River. Groundwater also can seep to 
small streams draining the property to the north and flowing to the Quaternary alluvial 
terrace unconfined aquifer where pumping of on-site active well fields controls 
groundwater flow. Groundwater flow in the alluvial aquifer, adjaccnt to the valley walls 
of the Local Landfill, is towards the pumping wells located near and parallel to the Ohio 
River. The pumping of these wcll fields also lowers the groundwater level to below river 
stage, inducing surface water from the river to flow into the alluvium towards the 
pumping wells. Water from the pumping wells is used for non-contact cooling purposes 
and ultimately is discharged to the Ohio River. 

3.3 Water Quality 

3.3.1 Surface Water Quality 

Table 3.1A prcscnts the historical C-8 concentration data available for surface water. 
Figure 3.2 shows the surface water sampling locations, if the location currently exists. 
Samples from two outfalls, four outlets: two streams, and one leachate sampling location 
have been collected periodically since 1994. C-S conccntrations in the outfalls and 
outlets range from c0.2 ug/l to 80 ug/l. Stream sample C-8 concentrations ranged from 
4.12 ug/l to 15 ug/l. The leachate sample, collected in the pipe from the leachate ponds, 
had a concentration of 31 ug/l (February 1994). For sample locations having more than 
two sampling events, the concentration of C-S is decreasing with time although it  is 
difficult to accurately identify trends in samples with the limited data set. The C-8 
concentration at Outlet 101, located at the northeastern portion of the side, have 
decreased from 54 ug/l to 12 ug/l over the course of three sampling events. 

3.3.2 Groundwater Quality 

Analysis of C-8 in groundwater has been conducted annually on a voluntary basis since 
1996. Table 3.1B presents the data available for C-8 in Local Landfill monitoring wells. 
Groundwater was sampled annually in 1996, and 1998 through 2001 for three wells, 
LLMW-4, -6, and -9. LLMW-IO was sampled twice in 1998 and 1999. The limited 

0 
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