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® EXECUTIVE SUMMARY

A multi-media consent order (Order No. GWR-2001-019; Consent Order) was entered
into between the West Virginia Department of Environmental Protection (WVDEP), the
‘West Virginia DepartmentofHealth and Human Resources — Bureau for Public Health
(WVDHHR-BPH) and DuPont on November 15, 2001. The Consent Order identified a
seriesofrequirements and taskstobe performed by the parties (WVDEP, WVDHHR-
BPH, and DuPont) in order to determine whether there has been an impact on human
health and the environment as a resultofreleasesof ammonium perfluorooctanoate
(C-8), CAS Number 3825-26-1, from DuPont operations at the Washington Works
facility (facility, also referred to as the “main plant”) and the associated landfills (Local,
Letart, and Dry Run).
‘The Consent Order established the C-8 Groundwater Investigation Steering Team (GIST)
to oversee investigations and activitiesofthe Consent Order including Task A:
Groundwater Use and Well Survey/Groundwater Monitoring, Task B: Assessment of
Existing Groundwater and Surface Water Monitoring Data, and Task C: Plume
Identification/Groundwater Assessment at each site. The Consent Order also establishedthe C-8 Assessmentof Toxicity Team (CATT), which consistedof scientists from
academia, goverment, non-profit organizations, and industry, to assess the toxicity and
risk to human health and the environment associated with exposure to C-8 releases from
DuPont activites.

dD ‘This C-8 data summary report documents all activities conducted to meet the
requirementsof the Consent Order. In addition, the revised site conceptual models are
presented, which better represent the current environmental setting (geology, hydrology,hydrogeology, groundwater flow, and water quality) and current human health and
ecological exposure pathways for the conditions at and near the sites.
The table below shows the results of the exposure pathways evaluation. This evaluation
assessed whether human and ecological receptors were exposed to C-8 impacted media(e.g, soils, surface water, groundwater) both on-site and off-site on the basisof data
collected under the Consent Order. Pathways were classified as complete or incomplete.
To be conservative, the highest C-§ concentration measured for cach typeofaqueous
media was compared to the CATT-cstablished human health protective screening criteria
for water (C-8 SL) of 150 ug/l, regardless of media type. Note, however, that the CATT-
established Aquatic Life Advisory Concentration for C-8 (C-8 ALAC) of 1,360 ug/l is amore appropriate benchmark for evaluation provided that waters are not ingested such assurface water, groundwater, process water, and leachate. In this table, highlighted boxesindicate media that exceed the C-§ SL. This table shows that for all on-site and off-sitemedia evaluated for the facility and the three landfills, only leachate and surface water atLetart Landfill exceed the C-8 SL. Ifthese media were compared to the established C-8ALAC of 1,360 ug/l, only leachate at Letart exceeds the C-8 SL. Most importantly, thistable shows that all drinking-water sources are substantially below C-8 SL.

VONKC8 Cota Summary~ nt rol Feb 5.03 EE inWimingion, 0% 000048



C8Data Summary Report Executive Summary

pours Patway Remmmert ompiers ©) orIncomplete()b [FurmanReceptors [EcologlealReceptors |

we[Groner
2| [Diningwate rom grownevatod| CTLo og wa]§| [Processvate (rom roundveten|GBrawn | wa]&[Dieking Watar vas. spe
2| |andorcistoms)-wv ces csv2| Norciningwater(ete,spingsS| landorcistams)-wy 607 up csoruanAI ———3|gPen merm
8[2[anciorcistoms) -on c@ssugn C®.50ug)2| NoringweerGotsoeanor isms)-Of ces cssunI———[OhoMerete | ctroowgn| ctoouan |[PWSWVandOfc aug Clazeuen———]

[swmusostios eres | |pr__—Tp[Leschite | ormmuwn| ormown |[SurtaceWater | c(itsun |Commun][Gonder 1 1- [ring Wat ls 55s& anorcisams)- WY ces cauNon-arnkingwater(rls, 775anor items Wy g cara[Osevater souees Coe |1°———]
[swmusonsites aers |]foTp]
[Suse Water |G(arru | carwn[Congwate1][Diving Watervals sia] C@o0ugn|Comm|[Non-rekingvarvaleLoa |GNa(co057 | 0 coos][Ovo Rrarwater |C@meug)| Cloizmug)[UnusedvatersousTown| 1 1°——]
[SWMUs/Lanctied Materials | © Unknow)|G(Unknow)So Com|GUnknan |[Loach Captusdanaomien|—1 1——][umcoWaw | own|caw]CT —— ——EE——OringWateGls5576Jando cistoms)-Dy fun cz un cuzinonalingvataol, 7755anor isos) Ory rn g Costu

©) based owNAZ otaplcatleHighignie cos ndcatsexceadanceofCATT-establshed C-8 SL (150 ugh)
WCoa Sumy oniFfWinger 8

000019



00aSummary mepon Executive Summary

For the Washingion Worksfacility, the current revised site conceptual model combined
® with the current revised groundwater model, the current on-site and off-site C-8

concentrations measured, and the current exposure pathways evaluation show that:
Solid Waste Management Units (SWMUS)on-sitearebelieved to be the primary.
source of C-8 migration to groundwater. Air deposition of C-§ on the ground
surface and migration to groundwater also may have occurred

@ No offsite migrationofgroundwater i occurring
3 No potential groundwater migration pathway exists beneath the Ohio River. Air-

emissions are believed to be the primary migration pathwayofC-8 from the
facility to adjacent arcas in Ohio.
Air emissionsofC-8 from the facility also are believed to be the source of C-§
concentrations detected in West Virginia adjacent to th facility and Local
Landsil

© Air emissions of C-8 and discharge of C-8 through outfall are believed to be the
migration pathwaysofC-8 from the facility to the Ohio River, and in tum, from
the river to public water supplics (PWS) located downstream.
There are no known complete exposure pathways for human or ecological
receptors that exceed the CATT-established C-§ SL or the C-8 ALAC at the
facility.

For the Local Landfill, the current revised site conceptual model combined with the
D current on-site and off-site C-8 concentrations measured and the current exposure

pathways evaluation show that
3 C-8is believed to migrate via water transport from C-8 containing landiilled

materials to groundwater at the Local Landfill
2 Groundwater low from Local Landfill flows toward th facility o the northwest

(away from ofFsite residential areas).
@ C8 detected in the one- and two-mile radius sampling areas near the facility and

Local Landfills likely to have ben transported from the facility via air
emissions.

3 There are no known complete exposure pathways for human or ecological
receptors that exceed the C-8 SL or the established C-8 ALAC at the Local
Landfill.

For the Letart Landfill, the current revised site conceptual model combined with the
current on-site and offsite C-8 concenirations measured and the current exposure
pathways evaluation show that

Q Cis believed to migrate via water transport from C-§ containing landfilled
material to groundwater at the Letart Landi
Groundwater low at Letart Landsil is toward the Ohio River and is away fromp offsite residential arcas

CES tor Samy A FE — —Wing 08
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Q The annual C-§ loading from groundwater to the Ohio River indicates a very low
® C-8 concentration in the river from the landfill, which is supported by the very

Tow C-§ concentrations measured in the Ohio River.
Q Air emissionofC-8 is not a viable migration pathway because there are no air

emissions at Letart Landfill.

Q Contact with surface water (Cap Runoff location) and leachate at the toe of the
Letart Landfill and in the wet.weather stream surface water that discharges to the
‘Ohio River are complete exposure pathways for human or ecological receptors
that exceed the C-8 SL. However, exposure is limited becauseofthe remote.
locationofthe landfill, the very steep terrain, and the wet-weather nature ofthe
stream. In addition, fencing limits access to the area. Further, the useofhealth
and safety plans, standard operating procedures, and personal protective
equipment also limit exposure.

For Dry Run Landfill the current revised site conceptual model combined with the
current on-site and off-site C-8 concentrations measured and the current exposure
‘pathways evaluation show that:

Q C-81s believed to migrate via water transport from C-8 containing landfilled
‘materials to groundwater at the Dry Run Landfill.

Q Groundwater flow at the site is toward the west. C-8 concentrations measured
‘within the one-mile radius sampling arca show that no off-site migration ofC-8
impacted groundwater has occurred.

@ Q Dry Run Landfill is located within eight miles ofthe facility. Transport of C-8
via air emissions from the facility potentially could be the source ofthe very low
concentrations of C-§ detected within the one-mile radius sampling area.

TeWing
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® 1.0 INTRODUCTION

Since the early 1950s, ammonium perfluorooctanoate (C-8) has been used by DuPont in
its fluoropolymer-related manufacturing processes at the Washington Works facility
(facility, also referred to as the “main plant”). Residues containing C-8 from these
processes have been released to the air discharged to the Ohio River; disposedofat the
Washington Works facility and/or at the DuPont Local, Letart, and Dry Run landfills; and
otherwise shipped off-site for destruction or disposal (sce Figure 1.0). C-8 has been
detected in varying concentrations in and around the Washington Works facility and the
associated landfills (Local, Letart, and Dry Run), in private drinking wells and in public
water supplies (PWS) located in West Virginia and in Ohio.
A multi-media consent order (Order No. GWR-2001-019; Consent Order) was entered
into between the West Virginia DepartmentofEnvironmental Protection (WVDEP), the
West Virginia Department of Health and Human Resources — Bureau for Public Health
(WVDHHR-BPH) and DuPont on November 15, 2001. The Consent Order identified a
seriesofrequirements and tasks to be performed by the parties (WVDEP, WVDHHR-
BPH, and DuPont) in orderto determine whether there has been an impact on human
health and the environment as a result of releasesofC-8, CAS Number 3825-26-1, from
‘DuPont operations at the Washington Works facility and the associated landfills.
‘The Consent Order established the C-8 Groundwater Investigation Steering Team (GIST)
10 oversee investigations and activites that were conducted to assess the presence and

oO extentof C-8 in drinking water, groundwater, and surface water at and around the facility
and the associated landfills, as described in Atiachment Aof the Consent Order.
Pursuant to Attachment Aofthe Consent Order, three tasks were performed by DuPont
and evaluated by the GIST, Tasks A, B, and C. Task A: Groundwater Use and Well
Survey/Groundwater Monitoring involved evaluating C-8 in groundwater initially within
a one-mile radius from the Washington Works facility and the three landfills by sampling
water from wells, cisterns, and springs. Included with these sampling activities was the
sampling of PWS located one mile upstream and ten miles downstream ofthe facility.
‘The area of investigation was expanded based on resulls obtained. Twelve PWS located
within a river reach extending 3.5 miles upstream and 53 miles downstream were
sampled. Available results were included in the One-mile Radius Survey and C-8
Sampling Report and the Ohio River Public Water Supply Sampling (DuPont, 20023).
Task A activities are re-summarized in this report,
‘Task B: Assessment of Existing Groundwater and Surface Water Monitoring Data
included compiling historical C-8 data, monitoring all wells at the landfills, and
developing a Groundwater Monitoring Plan (GMP) for the Washington Works facility
and the Local, Letart, and Dry Run Landfils. The historical C-8 data compilation report
was submitted to the GIST for evaluation (DuPont, 2002b). The second partof Task B,
monitoring C-8 in surface water and groundwater at the landfills, began in December
2001. Sampling was performed monthiy for four months and is now conducted quarterly.

a ‘The Proposed GMP for the Washington Works facility (DuPont, 2002¢) was submitted fo
[) the GIST for review and was approved following minor modifications (DuPont, 20024).

TCCGatSummary to Fb5.03 — —Wiringon 0% 000022
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Groundwater sampling at the Washington Works facility pursuant to the approved GMP
® began in late January 2002. TaskB activities also are re-summarized in this report.

Task C: Plume Identification/Groundwater Assessment at each site began following the

completionof Tasks A and B. This activity included delineating the vertical and
‘horizontal extent of C-8 impacted groundwater and specifically included an assessment
ofC-8 impacted groundwater at the Letart Landfill and its impact on the Ohio River and
PWS along the river as required by the Consent Order. The C-8 Plume Identification

Groundwater Assessment Work Plan was submitted to the GIST in May 2002 (DuPont,
2002¢). For the Washington Works facility, Task C included groundwater modeling
using GIST-approved groundwater modeling tools. Groundwater modeling was used to
evaluate possible C-8 migration pathways in groundwater from the facility. A separate
groundwater modeling report was issued to the GIST in January 2003 (DuPont, 2003).
‘This report documents Task C activities and re-summarizes briefly the groundwater
‘modeling results.

‘While conducting the activities identified in Tasks A, B, and C, which were designed to
assess the presence and extent of C-8 in drinking water, surface water, and groundwater,
an evaluationof transport mechanisms for C-8 migration also was conducted. This
evaluation was conducted to gain a better understanding ofhow C-8 migrates in the
environment and to better understand the results generated during the implementation of
Tasks A, B, and C.

Two main possible transport mechanisms were considered in evaluating results These
[}) ‘wereair transport and water transport, Air transport was considered because DuPont had
i. released, and continues to release, C-8 in air emissions from the facility. C-8 particles in

air emission may have been deposited on surfaces of structures (roofs, etc.) and then have
been dissolved and transported by precipitation into cisterns. C-8 in air emissions also
‘may have been deposited on ground surfaces and dissolved and transported by

precipitation 0surface:waterbodies or to groundwater. Inaddition,C-8wasdetected at
low concentrations in someof the water samples taken from cisterns. If the cistern was.
filled using a PWS that had been shown to contain C-8, then the sourceof the C-8 in the

cistern may have been the water used to fill the cistern. Alternatively, the sourceofC-8
in the cistern may have been from air emissions. It also may have originated from both
sources
‘Water transport, including transport via surface water and groundwater, was considered
because C-8 bearing materials were disposedofon-site (i.., facility and landfills) and
(C-8 had been detected in surface water and groundwater from various sources at and near

the Washington Worksfacilityand the three landfills. Sampling performed under Task A
ofthe Consent Order resulted in detections of C-8 in the Little Hocking Water
Association well field, which is the PWS located immediately across the Ohio River from
the Washington Works facility. A formal groundwater modeling evaluation was
performed to determineif imported groundwater from the facility migrated off-site
toward Little Hocking.

‘The Consent Order also established the C-8 Assessmentof Toxicity Team (CATT). The

@ CATT consisted of scientists from academia, government, non-profit organizations, and
industry. The CATT was assembled to assess the toxicity and risk to human health and
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the environment associated with exposure to C-8 releases from the DuPont activities. In
@ a final report issued in August 2002, the CATT established the human health protective:

screening criteria for water (C-8 SL)of 150 ug/l (WVDEP, 2002). The results presented
in this report, which were obtained for Tasks A, B, and C, are compared conservatively to
the CATT-established C-8 SLof 150 ug/l, regardlessofwater use. In addition, as
reflected in the August 2002 report, the CATT also established a C-8 screening criteria of
240 mg/kg for soils (WVDEP, 2002). However, development of2 method for analyzing
C81 soils has not yet been completed; therefore, no soil samples have been analyzed.
‘The CATT also established an Aquatic Life Advisory Concentration for C-8 (C-8 ALAC)
of 1,360 ug in October 2002 (Menzie-Cura& Associates, 2002). Surface-water results
presented in this report are compared to these screening criteria and to the C-8 SL.

1.1 Document Organization
Section 2 ofthis document provides information on C-8 reporting and data validation.
‘The remainder of this report discusses specific activites conducted and results obtained
at the facility and the Local, Letart and Dry Run Landfills. Section 3 presents the
Washington Works facility data. Sections 4, 5, and 6, present data for the Local, Letart,
‘and Dry Run Landfills, respectively. Within each section, a similar format s followed.
Abriefintroduction is presented. The next three subsections then describe activities
performed and results obtained for Tasks A, B, and C, respectively. The revised site
conceptual model, which integrates the new results, is then discussed. A human health
and ecological exposure assessment follows. Finally, observations for each site are

@ summarized. Section 7ofthe report provides a reference list, including Consent Order
related documents previously submitted to the GIST.
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® .ocs ANALYSES AND ANALYTICAL REPORTING
The Quality Assurance Project Plan (QAPP; DuPont, 20021) discusses the procedures and
protocols developed to ensure that project information, data, and decisions derived from
or based on data acquired during the groundwater investigation at The facility and
associated landfills are technically sound, usable, and properly documented. Specifically,
Sections 5, 6, and 10ofthe QAPP present sampling protocols, sample and document
custody procedures, and internal quality control checks that were followed during the
field sampling activities associated with the groundwater well and water-use survey.
‘The QAPP also presents information on quality assurance, calibration procedures and
frequency, analytical procedures, data reduction, verification, and reporting. Informationon the analytical method and the precision criteria used for the C-8 reporting are:
summarized below.
Exygen Research, Inc. (Exygen), located in State College, Pennsylvania, originally
developed and tested a new analytical method that utilizes Liquid
ChromatographyTandem Mass Spectrometry (LC/MS/MS). DuPont adopted this
method (LC/MS/MS) for analyzing C-8 in water in November 2001. Currently, Exygen
performs all C-8 water sample analyses for DuPont using the laboratory Standard
Operating Procedure (SOP) it developed.
Exygen reports C-8 results for the laboratory replicate of cach field sample. These results® are evaluated for precision by comparing the field sample result to the corresponding
laboratory replicate result:

Q IFboth results are less than the practical quantitation limit (PQL), thereplicate
sample for that analyte is considered to have passed the precision criteria

Q [fone or both results are between one and five times the PQL, the replicate is
considered to have met the precision criteriaif the two results differ by less than
the PQL.

Q Ifone result i less than the PQL and the other is not and ifthe two results
differed by a value less than the PQL, the replicate is said to have met the
acceptance criteria

Q Finally, ifboth results are at least five times the PQL, the replicate is considered
to have met the criteriaifthe relative percent difference (RPD) between the two
results is less than or equal to 20%. The RPD is the absolute valueofthe
difference of two measurements divided by their average.

‘When the precision criteria outlined above are met, Exygen reports the averageofthefield sample and the laboratory replicate results are reported. If criteria for precision areexceeded, Exygen reports the higherof the sample and laboratory replicate results.
Finally, when one result (from the sample/laboratory replicate pair) is above the PQL andone below, the result that is above the PQL is reported. C-8 results are recorded in the
Corporate Environmental Database (CED) and are reported as FC-143 for consistency@ with historical results.
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An aliquot ofeach field sample also is analyzed as a matrix spike (MS). Resultsofthe® MS analysis are used to assess accuracy. The MS recovery value must fall between 70 to
130%, unless the sample concentration i at least four times the amount spiked. The
‘maximum amount used to spike field samples is 500 ug/l
The QAPP Addendum (QAPP Addendum, DuPont, 2002) was generated during May
2002 in order to documenta reduction in the numberof laboratory QC samples (matrix
spike and replicate) to a frequencyof 5%, or one each per analytical batch (whichever is
greater) for groundwater and surface-water samples collected within the facility and
landfill boundaries. Specifically, analysisofwell, outfall, and stream samples collected
atthe facility, Local Landfill, Letart Landfil, and Dry Run Landfill were subsequently
performed with the reduced QC sample frequency. This reduction in QC sample
frequency was made because a substantial database exists for these samples, including at
least three roundsofsample analysis at Exygen. There was no reduction in QC sample
frequency for samples collected outside the facility and landfill boundaries, such as off-
site well, ap water samples, cisterns, PWS, and Ohio River water samples.
All data packages generated by Exygen have been reviewed in-house for compliance with
the laboratory SOP and QAPP Addendum, and for data usability, using the checklist
provided in the QAPP. Resultsofthe in-house review indicate that data reported by
Exygen have been generated in compliance with the laboratory SOP and QAPP
‘Addendum with few exceptions, as noted in the individual review summaries and
discussed below. All data reported by Exygen have been judged usable for the purposes
of the project.

oO Exygen reported that sevenof the Ohio two-mile radius samples (including two field
blanks) from one data package, and two samples from Local Lendsill collected during
November 2002 and reported in another data package, were analyzed beyond the sample
hold timeof14 days (as per the SOP). These samples were analyzed within two times
the specified hold time. The laboratory also has reported that non-project, field spiked
samples at 100 and 1,000 ug/l, have exhibited stability for periods as long as one year
(Exygen, 2002). The data packages were examined in-house, using the review protocol
included in the QAPP, and the results were determined to be usable for project purposes.
All data reported by Exygen have been judged usable for the purposes of the project.

241 Independent Quality Assurance Review
A subsetofthe data packages generated by Exygen were submitted to Environmental
Standards, Inc (ESI) in Valley Forge, Pennsylvania, for an independent ic., third-party)
quality assurance review. Thirty-eight data packages, containing results for 326 samples,
including field blanks and duplicates, were submitted for validation. The samples
submitted for review represent samples collected from the West Virginia one- and two-
mile radius, Ohio one-and two-mile radius, Ohio River sampling, and PWS. The samples
submitted for review represent 23.7%of the samples, collected between December 2001
and November 2002, from the West Virginia one- and two-mile radius, Ohio one-and
two-mile radius, Ohio River sampling, PWS, and facility and landfill groundwater and

surface.water sampling. Data packages/samples submitted for the independent quality
@® assurance review were selected at random; however, offsite residential and PWS.

samples were preferentially selected because these samples were collected from drinking-
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water sources. In addition, samplesof particular interestto the GIST, such as samples
® yielding positive analytical results from the Ohio River sampling were submitted for

review. The quality assurance review was performed by ESI with guidance from the
Region lll Modifications to National Functional Guidelines for Organic Data Review
[United States Environmental Protection Agency (USEPA), 1994).
Data were examined by ES to determine the usabilityof the analytical results and
compliance relative to the QAPP, QAPP Addendum, and the laboratory SOP. Results of
the quality assurance review indicated that the qualityofthe data is acceptable and
qualification of the data was not warranted, with the exception that positive results for
two samples reviewed were qualified J, as estimated, due to precision criteria between the
sample and lab replicate not being met. It should be noted that the laboratory, and
DuPont, in this case and any similar cases for data not submitted for independent review,
reported the higher of the two results.
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® 3.0 WASHINGTON WORKS FACILITY

3.1 Introduction

“The facility is located along the Ohio River in Washington, West Virginia, approximately
seven miles southwest of Parkersburg, West Virginia (see Figure 3.0). Consent Order
required tasks to be conducted at or immediately adjacent to the facility included the
following:

Q Task A: Groundwater Well and Water-Use Surveying and C-8 Sampling—
conduct a distance-phased groundwater well and water-use survey identifying and
sampling all groundwater wells, springs. and cistems within a one-mile (and
possibly two- and three- mile) radial distanceof the facility and the Local
Landfill

Q Task B: AssessmentofExisting Groundwater and Surface Water Monitoring
Data—develop and implement a monitoring plan that evaluates the presence and
extentofC-8 in drinking water, groundwater, and surface water in and around the
facility and perform an assessmentofC-8 impact to the Ohio River and to PWS
within one mile upstream and 10 miles downstream (and possibly two and three
miles upstream and 20 and 30 miles downstream)ofthe facility.

Q Task C: Plume Identification/Groundwater Assessmeni—determine the vertical
@ and horizontal extent ofC-8 impacted groundwater exceeding 1 ug/l or as directed

by the GIST, using groundwater modeling tools approved by the GIST if
modeling is done.

In Sections 3.2 through 3.4, discussionsofthe specific activities conducted to meet the
requirementsof the Consent Order are presented along with the new data acquired while
conducting these activities. In Section 3.5, the revised site conceptual model updates the
current environmental setting (geology, hydrology, hydrogeology, groundwater flow, and
water quality) and current human health and ecological exposure pathways for the.
conditions at and near the sit.

3.2 Task A: Groundwater Well and Water-Use Surveying and C-8
Sampling

3.2.1 One-Mile Radius Sampling
The Local Landfill is located immediately southofthe facility. Becauseofthe proximity
ofthe Local Landfill to the facility, groundwater wells located within the combined one-
‘mile radius (ofboth sites) in Wes! Virginia were sampled (sce Figure 3.1). The
‘groundwater well and water-use survey and sampling within the one-mile radiusof the
facility and the Local Landfill were completed on February 12, 2002. DuPont submittedeo the results of the one-mile radius survey to the GIST in April 2002 (DuPont, 2002)
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“Table 3.0 summarizes the off-site survey and sampling program for the one-mile radius.
® Atotalof 269 homes were surveyed, and a total of44 water sources were sampled. Six

wells used fo drinking water were sampled. No cistemns or springs sampled were used
for drinking water. Table 3.1 provides details for cach sample collected, including the
C-8 concentration measured (ug/l). Figure 3.1 shows the locations of all samples
collected, regardless of water use. Each colored circle represents a sampling location and
the color and size ofthe circle indicate the magnitudeof the C-$ concentration measured.
For example, small black circles represcat samples having C-8 concentrations ranging
fiom 10 1.010 10 ug/l, while large black circles represent samples having C-§
concentrations greater than 10.0 ug/. Note that the numberofC-8 detections above
10 ug/l are limited.
Table 3.1 shows tha the C-8 concentrations in sx drinking-water samples during the
one-mile radius sampling ranged from 0.328 to 2.8 ug/l. Because the drinking-water
samples had C-8 concentrations above the | ug/l threshold level described by the Consent
Order, the GIST ordered the expansion of the radius to two miles and resampling the
drinking-water samples within the one-mile radius. The highest C-$ concentration in a
non driking source was 5.07 ug/L. The highest C-§ concentration in unused water
sources was 14.3 ug/l.
C-8 concentrations measured in the sx cisterns sampled ranged from 0.561 10 3.52 ug/l
(sce Table 3.1). These results indicated that aitransport ofC-8 as a migration pathway
was possible i csterms were filled by precipitation. Ifwater is added to the cistern from
another source (groundwater, PWS, ec.) then water transportofC-§ is possible. Survey

@ results from individual residents show that stems were filled predominantly by
precipitation.

322 Two-Mile Radius Sampling
The groundwater well and water-use survey and C-8 sampling within the two-mile radius
ofthe facility and the Local Landfill were completed on June 3, 2002. DuPont submitted
the resultsofthe two-mile radius survey to the GIST in August 2002 (DuPont, 20021),
Table 3.2 summarizes the off-site survey and sampling program for the two-mile radius.
Within the two-mile radius a total of 109 homes were surveyed, and 65 water sources
were sampled. Seventeen wells and one spring used for drinking water were sampled.
None of the eight cisterns sampled was used as a drinking-water source. Table 3.3
provides details for cach sample collected, including the C-§ concentration measured
(ug). Figure 3.1 includes the C-8 results forthe two-mile radius. All samples are
posted regardless of water use. Ofthe 18 drinking-water samples, only one (a spring
sample) had a C-8 concentration greater than 1.0 ug/l. The C-8 concentration in the
sping sample was 1.8 ug/l. All drinking-water samples from wells had C-§
concentrations less than 1.0 ug/l The highest C-8 concentration measured in no-
drinkingwae and unused water sources were 1.67 and 2.32 ug, respectively. C8
concentration measured in the wells from the one-mile radius that were resampled ranged
from 0.526 to 2.48 ug (sec Table 3.1)
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Again C-8 concentrations measured in the eight cisterns indicated air transport as a
® possible C-8 migration pathway from the facility because the cistems were

predominantly filled via precipitation.
The results for the two-mile radius showedatrend toward lower concentrations than were
found in the one-mile radius sampling area. While the two-mile radius was being.
conducted, the CATT released the human health protective screening criteria for water
(C-8 SL)of 150 ug/l (WVDEP, 2002). In August 2002, the GIST determined that no
further off-site surveying or resampling around the facility and the Local Landfill was
needed.

3.2.3 Ohio One-Mile Sampling

Off-site surveying and sampling also was conducted in Ohio. C-8 was initially measured
in the Little Hocking Water Association well field (a PWS sampling point), located in
Ohio directly across the Ohio River from the facility in December 2001 (see Section
3.3.3). DuPont and the Ohio Environmental Protection Agency (OEPA) agreed that the
groundwater well and water-use survey would be expanded to a distance one mile from
the facility boundary into Ohio. The groundwater well and water-use survey and C-8
‘sampling within the one-mile radius in Ohio were completed on June 7, 2002. DuPont
submitted the resultsof the one-mile radius survey to the OEPA and the GIST in August,
2002 (DuPont, 2002i).

‘Table 3.4 summarizes the one-mile radius survey and sampling in Ohio. The total
Dd ‘numberofhomes surveyed was 150, and the total numberofwater sources sampled was

68. Of the 68 water sources sampled, 17 were from drinking-water wells, and one was
from a drinking-water spring. No cisterns sampled were used for drinking water. Table
3.5 provides details on the samples collected, including the measured C-8 concentration.
The C-8 concentration measured for the drinking-water wells ranged from non-detectable
[<0.01 ug/l (ND)] 10 8.59. The C-8 concentration for a drinking-water spring was
1.29 ug/l. The highest C-8 concentration measured in non-drinking-water sources and
unused sources was 23.6 and 16.9 ug/l, respectively. Figure 3.2 is a map showing the
locationofsamples, regardless of water use, collected within the Ohio one-mile radius.
‘This figure uses the same symbols as were used in Figure 3.1. Locations of samples
‘having C-8 concentrations greater than 10.0 ug/l appeared to be clustered to the northeast
and northwest. C-8 concentrations measured in the five cisterns ranged from 0.748 to
7.33 ug/l. These results indicated that air transportofC-8 was apossible migration
pathway from the facility, providing the cisterns were filled by precipitation. Even
though the highest C-8 concentration measured for a drinking-water sample within the
one-mile radius was anorderofmagnitude lower that the CATT established C-8 SL of
150 ug/l, nine non-drinking-water and unused water source samples had C-8
concentrations above 10.0 ug/l. Based on these results, OEPA requested an expansion of
the survey area to a two-mile radius.

3.2.4 Ohio Two Mile Sampling

=} ‘The groundwater well and water-use survey and C-8 sampling within the two-mile radius
of the facility were completed on September 30, 2002. DuPont submitted the results of
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the two-mile radius survey to the OEPA and the GIST in December, 2002 (DuPont,@ 2002).
For the Ohio two-mile radius, the sampling strategy was modified following discussionswith the OEPA and the GIST. The two-mile radius survey area was divided into threoareas, “A”, “B, and “C"(sec Figure 3.2). All homes within the entre area within thetwo-mile radius, areas “A”, “BY, and “C", were surveyed. In area “B” al identified
wells, springs, and cisterns were sampled, regardless of use (drinking water, non-drinkingwater, or unused) because this portion ofthe two-mile radius was adjacent to an arawithin the one-mile radius where the highest C-8 concentrations were measured. In
addition, all identified drinking water, non-drinking water, and unused wells, springs, andcistems from residences located along Township Road 97 (located within arca “C") weresampled. In area “A” and "C", wells, springs, and cisterns were sampled only ifthese.
sources were used for drinking-water; non-drinking-water and unused sources were notsampled. Areas “A” and “C” are adjacent to areas in the one-mile radius where lowerC-8 concentrations were measured.
Table 3.6 provides a summaryof the Ohio two-mile survey results. In total, 733 homes
were surveyed, and 62 water sources were sampled, including 49 wells used for drinking
water, No cistems or springs sampled were used as drinking-water sources. Figure 3.2also shows the location of samples, regardlessof water use, collected within the Ohio
two-mile radius. Table 3.7 provides detailsof the samples collected, including the‘measured C-8 concentrations. The C-8 concentrations measured in drinking-water
samples ranged from ND to 6.5 ug/l, with only 11 samples having C-8 concentration

D . greater 1.0 ug/l. The highest C-8 concentration measured for the non-drinking-water
= samples ranged was 6.85 ug/l. The highest C-8 concentration measured in an unusedsource was 8.68 ug/l. The range ofC-8 concentration in the three cistern samples wasfiom 0.217 10 0.592 ug/l. Overal, the C-8 concentrations are lower in the two-mile

radius samples than i the one-mile radius.
‘While the groundwater well and water-use survey and C- sampling were being
conducted in the one- and two-mile radius in Ohio, groundwater modeling also was being
conducted. Oneofthe objectivesof the groundwater modeling effort was to determinethe likelihood that off-site migrationof C-8 impacted groundwater was occurring, The
groundsiater modeling showed tha no potential groundwater migration pathway exists
beneath the Ohio River (DuPont, 20034). Therefor, ai transportofC-8 is the mostlikely migration pathway for C-§ from the facility.

3.3 Task B: Assessment of Existing Groundwater and Surface-water
Monitoring Data

3.3.1 Monitoring of C-8 in Groundwater and Surface Water
Groundwater Monitoring
“The Consent Order required that a select numberof facility monitoring wells were to besampled following the development of a groundwater monitoring plan by DuPont@ (DuPont, 20020) and its approval by the GIST (DuPont, 20024). Frequencyof sampling
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was to be monthly for the first four months following the effective dateof the Consent
ae Order, then quarterly thereafter. Monthlysamplingof groundwater began in January

2002. Quarterly sampling began in May 2002 (202). The 4Q02 monitoring report was
submitted to the GIST in December 2002 (DuPont, 2002k).
Table 3.8 provides a listof the production and monitoring wells included in the
‘groundwater monitoring program for the facility. Well construction data and
‘groundwater elevation data also are provided in this table. The three new bedrock
monitoring wells (AJOS-MW02, N04-MW03, and Y 14-MW02) that were installed in
3Q02 as partofthe C-8 plume delineation work plan were added to the monitoring
program in 4Q02. Figure 3.3 shows the location the wells listed in Table 3.8. Table 3.9
presents allofthe C-8 concentrations measured in these production and monitoring wells
through October 2002, including C-8 data acquired prior to the issuingof the Consent
Order. The most recent data ar listed first for each wel Figure 3.4 shows the October
2002 C-8 concentrations in groundwater.
Table 3.9 shows that, in general, monitoring and production wells located on the eastern

halfofthe facility have shown a C-§ concentration range from 0.071 to 2.82 ug/l
(AE11-MWO1, AMO7-PWO1, AOUS-PWO1, and AX13-PWO1). Monitoring and
production wells in the western halfofthe site generally have shown a C-§ concentration
range of 0.117 1051.2 ug/l (VOS-PWO1, L04-PWOL, NI3-MWOL, Y14-MWOL,
KI6-PWOI, West Well Field 1, E13-MWOI, and DOS-MWO01). Monitoring wells located
adjacent to the Ohio River near the former Anaerobic Digestion Ponds have higher C-8
concentrations, ranging from less than 100 to 84,100 ug/l (POS-MWO1, PO4-MWO2, QO4-

oO MWO02, and R04-MWO02). However, evaluationofboring logsfor these well shows that
threeofthese wells are screened in a perched water-table located in the clays and silts
that stratigraphically overly the sands and gravelsofthe primary site water-table aquifer
(site aquifer). Q04-MWO2 is the only well included in the groundwater monitoring
program located in the former Anaerobic Digestion Ponds area that is screened in the site
aquifer. Recent C-§ concentrations measured for this well have been highly variable,
ranging from 32.2 t0 7,720 ug. (Further discussionofthe wells screened in the perched
water-table are presented in Section 3.5.1.)
Available data for the bedrock aquifer are very limited (only three wells) but ranges from
non-quantifiable [<0.05 ug/l (NQ)) in the central southern boundary (Y14-MW02) to
0.133 ug along in the eastern portion (AJ06-MW02)ofthe site to 21.2 ug/l in the area.
near the former Anaerobic Digestion Ponds (NO4-MW03).
The next groundwater sampling event for the facility is scheduled for the first quarter
2003,
Surface-water Monitoring
‘The Consent Order also identified six outfalls' at the facility that are regulated by West
Virginia/National Pollutant Discharge Elimination System (WV/NPDES) Permit No.
WV0001279 and where monthly samplingof C-8 was required. Figure 3.3 shows the.
locationsofthe six outfalls. Monthly samplingof outfalls began in December 2001. The

@ ition atresia ilbeen clive
outfall.
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November 2002 Surface Water Monitoring Report was submitted to the GIST in January
® 2003 (DuPont, 2003b). Table 3.10 summarizes the C-§ concentrations measured in the

outfall, including C-8 data acquired prior to the issuing of the Consent Order. The most
recent data are listed first for each outfall
The six outflls sampled discharge process water and stormwater runoffto the Ohio
River. The WVDEP permit required monthly reportingofeffluent flow volumes and C-§
concentrations. Outfalls 002, 003, and 007 typically discharge effluent containing the
lowest concentrationsof C-8, ranging from NQ to 8.56, respectively. Outfalls 001 and
105 have discharged higher C-8 concentrations, ranging from 2.15 to 54.6 ug/l. Outfall
005 has shown the highest concentrationsofC- and discharges the largest volume of
efMuent compared to the other outfalls at the facility. C-8 concentrations for Outfall 005
have ranged from 1.43 to 199 ug/l, with one anomalous high concentrationof915 ug/l
However, the C-§ concentration at Outfell 005 has generally decreased in 2001 and 2002
following the installationof a carbon filtration treatment system in the flouropolymers
process.
‘Outfall sampling for December 2002 has been completed, and the monitoring report will
be sued to the GIST in February 2003. Outfall samplingfor January 2003 has been
completed, but the C-§ results have not yet been validated. The next monthly outfall
sampling event is scheduled for February 2003.

33.2 Ohio River Water Quality
A Characterizing Ohio River water quality, with respect to C-8, was a Consent Order

requirement. In addition, the evaluation river-water quality was identified as a data gap
in the CompilationofHistorical C-8 report (DuPont, 2002b) and was included as a
recommended activity in the C-§ Plume Identification Work Plan (DuPont, 2002¢). The
‘Ohio River Water Sampling Proposal for the facility and the Letart Landfill (DuPont,
20021) was developed and submitted to the GIST in January 2002.
Near the facility, Ohio River water was sampled to measure concentrations of C-8 in the
Ohio River. The sampling investigation was designed to meet three main objectives:

Q Characterize background C-§ concentrations in river-water upstreamof the
facility.

Q Assess C-8 concentrations in river water along the facility reach.
Q Evaluate C-8 concentrations in river water downstream.

‘Table 3.11 presents a summaryofthe Ohio River water sampling program, including
sampling near the Letart Landfill. The Letart Landfill samples and C-8 results are
discussed in Section 5.4.5. Table 3.12 provides the C-8 results for Outfall 005. Figure
3.5 shows the location of upstream samples and samples along the facility reach. Figure
3.6 shows the concentrationofdownstream samples. C-§ concentrations for cach sample
are posted.
In total, 46 river-water samples were collected, including two duplicate samples.

@ Adjacent to the facility, river-water samples were collected at three locations along two
transects across the river. Samples were collected at three depths (dip, mid-column, and
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bottom) at each location. Field parameters were monitored during collection of each
® sample. During the same time period that river water was sampled, effluent from Outfall

005 was sampled to evaluate dispersion downstream of the oulfal,
Of the seven samples collected upstream ofthe facility, six were ND, and oe was NQ
Ofthe 27 samples collected along the facility reach, al were ND except for two that were.
NQ. The range of C-8 concentration for the 12 downstream samples was 0.0949 to
1.09 ug/l. The two highest C-8 concentrations were measured in a dip and mid-column
sample collected approximately three miles downstream from the facility.
Its likely that the two highest C-8 concentrations measured in the Ohio River water are a
direct result ofincreased C-8 concentrations discharged through Outfall 005. Table 3.12
shows tha the C-8 concentrations measured at Outfall 00S are highly variable. C-8 data
were not collected from Outfal 005 between July 1 and July 10; but, if C-8 concentration
was higher on these days, it might explain why the higher concentrations were measured
in the river during this same time frame.
“The revised groundwater model showed that no potential migration pathway for C-&
containing groundwater exists beneath the Ohio River. Therefore, air transport of C-§ to
the Ohio River is a likely migration pathway, in addition to the direct discharge of C-§
containing surface water to the Ohio River through the permitted outfals.

33.3 Public Water Supply Sampling
PWS in West Virginia and Ohio at various points upstream of the facility were sampled

oO pursuant to the Consent Order. Sampling ofPWS within one-mile upstream and 10-miles
downstream began in December 2001. Based on the C-8 concentrations measured, the
distance upstream and downstream was expanded. Sixteen PWS located as far a three
miles upstream and 53 miles downstream were ultimately included in the sampling events
(sec Figure 3.7). Based on the very low C-8 concentrations measured at the various
PWS, the numberofPWS required to be sampled and the frequencyof sampling were
reduced by the GIST in May 2002. Table 3.13 presents all the C- concentrations
measured in the various PWS. For PWS sampled more than once, the sampling event
results ar listed in chronological order.
Currently, only three PWS, Lubeck (West Virginia), Tuppers Plains (Ohio), and Little
Hocking (Ohio) are sampled on a quarterly basis (DuPont, 2002m). C-8 concentrations
measured at Lubeck ranged from 0.283 to 1.21 ug/l, while C-8 concentrations measured
at Tuppers Plains ranged from ND 10 0.726 ug/l (sce Table 3.13).
Little Hocking had the highest C-8 concentrations ofall the PWS sampled. C-8
concentrations in production wells have ranged from 0.42 10 8.58 ugll. C-8
concentrations in drinking water dispersed to customers from these wells a the PWS
have ranged from 1.69 0 4.29 ug/l. TW-4, a test well, had the highest measured C-§
concentration at 37.1 ug/l. The concenirations measured at TW- have been steadily
decreasing; the most recent result for this well was 14.5 ug/l. Based on these results,
OEPA requested that an investigation be conducted to evaluate the C-§ concentrations at

o TW-4 and vicinity, and DuPont agreed to conduct the investigation. DuPont has sampled
© ‘groundwater and soil samples from borings and collected groundwater samples from all

he test and production wells a Litle Hocking. Groundwater results have been presented
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to the OEPA. The method development for analyzing C-8 in soils is stil in progress;
® therefore, noneofthe soil samples has been analyzed yet. As a result, no final

conclusions have yet been drawn from this investigation. However, a report documenting
the sampling investigation and the C-8 results for groundwater and Soil will be submitted
10 the OEPA and the GIST when the analytical results have been finalized.
The next PWS sampling event at Litlle Hocking, Lubeck and Tuppers Plains is scheduled
for the first quarter 2003.

3.4 Task C: Plume Identification/Groundwater Assessment

Based on the data gaps identified in the CompilationofHistorical C-§ Data report
(DuPont, 2002b), the C-§ Plume Identification/Groundwater Assessment Work Plan was
developed and submitted to the GIST (DuPont, 2002¢). Included in this work plan were
specific activities recommended to fil the data gaps. In the following sections, each of
the activities recommended in the C-8 plume delineation work plan is summarized
briefly. Detailsofthe activity status and the data acquired are then presented.

34.1 Installation of New Wells at the Washington Works Facility
‘Three new bedrock monitoring wells were installed at the facility. These wells were
installed to further delineate C-8 concentrations in groundwater, to evaluate groundwater
flow direction and to determine the vertical groundwater gradients between the bedrock
and the overlying sand and gravel.

® Figure 3.3 shows the locationofmonitoring and production wells, and the locations of
the newly installed bedrock wells. Well construction diagrams for the new wells, AJ0G-
MWO02, NO4-MW03 and Y 14-MW02, are provided in Appendix A.
Geologic data obtained during the installationofthese three wells confirmed the depth to
bedrock underlying the facility where these wells are located. These new data also
permitted refinementof existing cross-sections that were developed for the facility.
These revised cross-sections are discussed in detail in Section 3.5.1.1

3.4.2 Hydrogeologic Testing of New Wells at the Washington Works Facility
Hydrogeologic testing of the three new bedrock wells was recommended to evaluate
aquifer characteristicsofthe underlying bedrock aquifer in the C-8 Plume Delineation
work plan. The bedrock monitoring wells were clustered with or located near existing,
wells screened in the primary site water-table aquifer. This allowed for the evaluation of
the vertical gradicnts between the primary site water-table aquifer and the underlying
bedrock aquifer. Only one roundof water levels was measured for these wells (October
2002) and other wells nearby.
The groundwater elevations indicate that at Q04-MW02 and surrounding sand and gravel
aquifer wells, there is most likely an upward gradient between the groundwater in the
bedrock and groundwater in the overlying sand and gravel near the former Anacrobic

® Digestion Ponds area,

WCC DasSuman tenfea Feb 8.08 #Winiglon, OF
000035



©80sta Summary Report Washington Works FacilityCoomsomayRgen WashingtonWorksFacility

Atwell cluster Y14-MWO1 and Y14-MWO02, located near the southern property
® boundaryofthe sit, the groundwater gradient appears to be downward from the sand andgravel to the underlying bedrock. The water level measured in AJO6-MWO2 in October

2002 i higher than in wells located nearby that were measured in February 2002,
indicating a likely upward groundwater gradient from the bedrock to the overlying sands
and gravel, in this area.

3.43 Washington Works Groundwater Model Refinement
A groundwater model was developed for the facility as part of the RFI report for
Washington Works (DuPont, 1999). This model was revised during this investigation
partially to address the comments generated by the United States Environmental
Protection Agency and the United States Army CorpofEngineers (USACOE). The
‘Consent Order also required refinementof the groundwater model for the facility to re-
evaluate the extent of groundwater captured by the pumping wells at the site and to
determine the likelihood that off-site migration of C-8 impacted groundwater is
occurring
To meet these requirements, refinement of the groundwater modeling work was
completed with input, guidance, and critical review from the United States Geological
Survey, the USACOE, the West Virginia Department ofHealth and Human Resources,
and GIST members during the model development, calibration, and finalization process.
‘The report of final findings for the revised groundwater model for the facility and the
surrounding area was submitted to the GIST in January 2003 (DuPont, 2003). The

D revised groundwater model supports DuPont's previous conclusions that noof -site
migration of groundwater is known to be occurring and that no potential groundwater
‘migration pathway exists beneath the Ohio River.

3.4.4 Surface-water Field Reconnaissance at the Washington Works Facility
Conducting field reconnaissance to identify additional surface-water features located on-
site and sampling surface water from new locations identified during this effort was a C-8
plume delineation recommended activity. Field reconnaissance was performed and no
new surface-water features were identified beyond those locations that are currently
sampled.

3.4.5 C-8 Monitoring in Groundwater and Surface Water at the Washington
Works Facility
Continuing to monitor C-8 in groundwater, in both the unconfined alluvial aquifer and
underlying bedrock aquifer (utilizing the newly installed bedrock wells), and in surface:
water at existing locations identified in the Consent Order was an activity recommended
in the C8 plume delineation work plan. The results of continued monitoring of
‘groundwater and surface water are presented in Section 3.3.1
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® 3.4.6 Washington Works Facility Site Conceptual Model Refinement
The final recommended activity for the facility is the integrationofall the new data
gathered during completion ofTasks A, B, andC into a revised site conceptual model
(SCM). This activity was completed and the revised SCM is presented in the following
section.

3.5 Revised Site Conceptual Model

‘The revised SCM ideally represents the current environmental setting (geology,
hydrology, hydrogeology, groundwater flow, and water quality) and current human
health and ecological exposure pathways at and surrounding the ite. The following
sections present the revised SCM in detail.

35.1 Current Environmental Setting

Geology
“The facility rests on Quaternary alluvial terrace deposits in the Ohio River Valley. Figure
3.8, modified from Simard (1989), is a model block diagram showing the complex set of
terraces and floodplains that formed in the Ohio Valley becauseofthe glacial advances
and retreatsofthe pres, early- and late-Wisconsinan and the resulting successive phases
ofalluvial fills and the incisions into the alluvial fill by the Ohio River. Simard (1989)
identified five facies of the Ohio River Valley: sand and gravel (coarse-grained Ohio

Q River alluvium or outwash); tributary sand and gravel; colluvium; silt and clay (fine-
grained Ohio River alluvium or overbank sediments); and sand and silt colian).
A generalized north-south cross-section from the Little Hocking Water Association well
field in Ohio, through the Ohio River and across the facility, is presented in Figure 3.9.
“This cross-section shows the Holocene silt and clay overbank deposits that overlic the
Pleistocene sand and gravel outwash deposits and the finer reworked Pleistocene
alluvium, thought to underlie the river. The alluvial terrace deposits are underlain by a
flat, river-scoured bedrock surfaceofthe Dunkard Series that rises steeply and forms the
valley walls to the North of Little Hocking Water Association and to the southof the
facility. Figure 3.0 shows the relatively flat topography of the alluvial terrace deposits
and the steep topographyofthe valley walls to the north and south.
The detailed geology underlying the facility is shown on seven geologic cross-sections.
Six ofthese cross-sections were developed during the Verification Investigation (DuPont,
1992) and revised in carly 2002 for the CompilationofHistorical Data Report (DuPont,
20025) based on additional findings from the RFI. Further refincmentofthese six cross-
sections, based on the installation of three bedrock wells, and the generation ofa
‘generalized cross-section near the former Anaerobic Digestion Ponds were completed as
part ofthe C-8 Plume Delineation Work Plan activities. Some of the test wells and
‘monitoring wells portrayed in the cross-sections were temporary and no longer exist.
Table 3.14 provides well construction information and groundwater elevation
measurements for wells currently in existence at the facility. Figure 3.3 shows the

® locationsof monitoring well that curently exist a the site. The locations of the geologic
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cross-sections A-A’ through F-F’ are shown in Figure 3.10. The location of G-G’ is® Sownon igre 2.17.
“Two east-west cross-sections, A-A’ and F-F*, are shown in Figures 3.11 and 3.16. Four
north-south cross-sections, B-B’, C-C’, D-D, and E-E” are shown in Figures 3.12, 3.13,
3.14.and 3.15, respectively. Cross-section G-G', Figure 3.17, shows an expanded view of
the riverbank area near the former Anaerobic Digestion Ponds and the Riverbank
Landfill. Note that wells RO4-MW02 and PO4-MW02 are screened in a perched
groundwater zone within the Holocene overbank deposits.

‘The main and oldest Quaternary alluvial terrace at the facility is topographically flat and
lies approximately 50 feet above the Ohio River while the remainsof younger terraces
exist at lower elevations along the riverbank. The Holocene overbank deposits consist of
silt, sandy silt, clay, silty clay, and clayey silt. The overbank deposits are approximately
35 feet thick near the riverbank and decrease in thickness away from the riverbank.
Under the central portionofthe facility, these overbank deposits range from
approximately 5 to 15 feet thick. The overbank deposits are absent in the western portion
ofthe site. The Quaternary alluvium (sand and gravel outwash deposits) ranges from 30
feet thick (near the river) up to 90 feet thick (under the central portionofthe facility).
The alluvium consistsof coarsening downward unconsolidated poorly to well-sorted,
brown and gray sand, silts, clay, and gravel. The Dunkard Series bedrock consists
primarilyofred and varicolored sandy shale; gray, green and brown sandstone; gray and
light gray siltstone; and minor bedsofcoal, claystone, black carbonaceous shale, andoO limestone.
Hydrology, Hydrogeology and Groundwater Flow

Hydrology

Surface water at the facility discharges through drains and storm sewers (outfalls) and
drainage swales. Six outfalls (001, 002, 003, 005, 007, and 105) collect facility process
water and stormwater runoffand discharge it to the Ohio River. These six outfalls are
regulated by WV/NPDES Permit No. WV0001279. The locationsof these outfalls are
shown in Figure 3.3. Two drainage swales, one located 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 the Ohio River. During dry weather, the drainage swales are dry.
‘The main groundwater seep area at the Riverbank Landfill was identified, RBLL1 and
‘sampled during the VI (DuPont, 1992). This seep likely originates from precipitation that
has infiltrated topsoil or fill and flows along the top of the underlying shallow clay and

ultimatelydischarges along the riverbank (see Figure 3.3). An active French-drain
groundwater collection system has been in operation at the Riverbank Landfill since
1991. The RFI verified that the collection system effectively captures water at the seep
area (DuPont, 1999). Surface water from the seep is treated by a carbon filtration unit.
‘This treated water discharges through Outfall 005 to the Ohio River.

A second seep at the Riverbank Landfill (RBLL2) is located upriver from RBLLI (see
Figure 3.3). Seep water also is captured at this location by way of an active French-drain

@ collection system. Seepwater is contained in an underground collection vessel that is
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pumped out periodically, and the seep water is treated at the wastewater treatment facility@ onsite.
Hydrogeology
Regional groundwater supplies are obtained from the Dunkard Group bedrock and Ohio
River alluvial terrace deposits. The saturated portionof the Ohio River alluvial terrace
deposits comprise the principal regional 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 well i related to the well’ position with respect to the river, as
well as formation grain size and thickness.
‘The Holocene silts and clays underlying the facility contain perched groundwater zones.
Along the riverbank, in the vicinity of the former Anaerobic Digestion Ponds, are seven
monitoring wells that are completed in this perched groundwater zone (sce Table 3.14).
Groundwater elevations for these monitoring wells are typically 6 to 18 feet higher than
elevations measured in monitoring wells completed in the underlying primary site water-
table aquifer. During the February 2002 synoptic water level event, groundwater
elevations in the perched water table ranged from 571.91 feet above mean sea level
(MSL) to 583.46 feet MSL. Groundwater elevations in the underlying primary site water-
table aquifer ranged from 552.15 0 566.62 feet MSL. Figure 3.17 shows a generalized
cross-section for the areaofthe former Anaerobic Digestion Ponds showing the

@ relationship between the Ohio River (normal pool elevation of 582.0 feet MSL), the
perched water table, and the underlying primary site water-table aquifer.
‘The primary site water-table aquifer occurs at a depth of about 60 to 70 feet bes in the.
facility area. The saturated zone is approximately 30 to 40 feet thick, extending to the
surfaceof the underlying Dunkard Group bedrock. 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 zoneofthe Dunkard Group (Washington Formation),
which consists primarilyof shale and siltstone, bounds the lower extent of the site
aquifer.
Natural recharge to the alluvial aquifer comes from various sources, including:

Q Infiltrationof precipitation falling directly on the alluvium
Q Lateral movementofthe iver water through the alluvium via permeable sand and

gavel zones
Q Seepage from stream tributaries that discharge to the Ohio River

‘The maximum amountof water available to the alluvium depends on the degree of
hydraulic connection to the river. The degreeof hydraulic connection is a functionof the.
permeability and thicknessof the riverbed, permeability and thicknessofthe alluvium,
and hydraulic gradient between the groundwater and the river. Pumpingofon-site active:

_ well fields near and parallel to the river i.., the Ranney Well, the DuPont-Lubeck Well
[] Field, and the East Well Field shown in Figure 3.3) lowers the groundwater level in the

alluvial aquifer to below river stage. This induces water from the river to flow into the
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alluvium toward the wells, which replaces water pumped from storage in the aquifer, and
[J helps sustain high-yield pumping wells.

Ina 1990 hydrogeologic assessment, production well specific capacity testingof the:
DuPont-Lubeck Well Field and the East Well Field was conducted. The results were
used to calculate the transmissivity and the hydraulic conductivity of the primary site
aquifer (DuPont, 1990). In the vicinity of the DuPont-Lubeck Well Field, transmissivity
values ranged between 114,900 and 127,500 gallons per day per square foot (gpd/fi%). In
the vicinityof the East Well Field, the transmissivity values ranged between 16,050 and
50,000 gpd/ft’. Hydraulic conductivity values were calculated from the transmissivity
values for the East Well Field. For wells AX13-PWOI and AZ13-PWOL, the hydraulic
conductivity values ranged from 0.013 to 0.055 centimeters/second (cm/sec) and from
0.0110 0.049 csec, respectively.
Using the hydraulic conductivity values from the 1990 study and the hydraulic gradient
values determined from groundwater elevations measured in 1990 and assumingan
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
S feet/day (fVd) between monitoringwells T13-MWOI and L18-MWO! in the southwest
portionofthe site. A groundwater flowvelocityof 3 ld was estimated between
‘monitoring wells POG-MWOI and K14-MWO1 in the western central portion of the site
In the castem portionofthe site, a groundwater flow velocity of 2.5 fd was estimated
for the site aquifer between monitoring wells AL10-MWOI and AC0S-MWO!

oO Groundwater Flow
As partofthe C-§ plume delineation work plan, a thorough evaluationofwell survey
data and well construction data was completed. This evaluation determined that incorrect
measuring point elevations were used in calculating groundwater elevations that had been
included in the monthly and quarterly monitoring reports. Since this discovery, all
groundwater elevation calculations have been redone and corrected values were included
in the 4Q02 C-8 monitoring report. In addition, the groundwater elevation map for
February 2002, the most recent groundwater measuring event where almost all site wells
‘were included, has been revised using the corrected groundwater elevations and is shown
in Figure 3.18. Overall, the revised map did not alter groundwater flow directions on-
site
Figure 3.18 shows groundwater elevations and flow directions. It also shows flow rates
on-site are strongly influenced by the Ohio River and by pumping of on-site production
wells. Normal pool elevation for the Ohio Riveris 582.0 feet MSL, higher than the
elevationof the primary site aquifer, indicating a gradient from the river to the primary
site aquifer. The on-site production wells include the Ranney Well,a radial collector
well which pumps 800 to 1,000 gpm; the seven wells in the East Well Field, which pump
2 combined average ratcof2,000 gpm; and the five DuPont-Lubeck wells, which pump.
about 700 gpm combined. A groundwater divide exists in the central part ofthe ste with
‘groundwater flowing to the cast toward the East Well Field on the caster sideof the
divide and to the west on the westem sideofthe divide. Groundwater on the western side® ofthe divide ultimately flows either back to the north toward the Ranney Well or to thesouthwest toward the DuPont-Lubeck Well Field. From the northwestern comerof the
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site, groundwater flows southeast toward the DuPont-Lubeck Well Field. The revised
® groundwater model supports the interpreted groundwater flow direction generated using

groundwater elevations measured in the monitoring wells (DuPont, 2003a).
As discussed in Section 3.4.2, the vertical gradient between groundwater in the sand and
gravel and in the underlying bedrock has not been verified, although preliminary
evaluationofavailable data indicates a predominantly upward gradient especially near
the river that potentially may be reversed near the groundwater mound/divide located
under the central and eastern portion ofthe facility (see Figure 3.18). The revised
groundwater model supports an upward groundwater gradient between the bedrock and
the overlying sand and gravel (DuPont, 20033). Further data are needed to complete this
evaluation and will be collected during future quarterly groundwater ‘monitoring events.

Water Quality

Groundwater Quality

‘The available C-8 concentration data for groundwater at the site was presented in Section
3.3.1. These data show that concentrations of C-8 in the groundwater are variable with
the highest concentrations being measured in wells screened in the perched water-table
located near the former Anaerobic Digestion Ponds. Historic C-8 concentrations in these
‘wells range from less than 100 to 84,100 ug/l. Groundwater from wells screened in the
primary site water-table aquifer has much lower C-8 concentrations than those screened
in the perched water table. In addition, C-8 concentrations are variable depending on

a locationof the monitoring well with respect to the locationsofthe pumping wells.
Historic C-8 concentrations in wells located in the eastern halfofthe facility range from
0.071 to 2.82 ug/l. Historic C-8 concentration data for wells located in the western
portionofthe site are higher, ranging from 0.117 to 51.2 ug/l. Available data for the
‘bedrock aquifer are very limited but range from 0.133 ug/l in the eastern portionofthe
site, to NQ along the central southern boundary, to 21.2 ug/l in the area near the former
Anaerobic Digestion Ponds.

‘The C-8 concentrations in groundwater from the monitoring wells screened in the
perched water-table is not considered to be representativeof the primary site water-table.
aquifer. Based on measured water elevations in the wells, the perched groundwater in the
fine-grained silts and claysof the Holocene overbank depositsis mostlikelymigrating
downward into the underlying site aquifer. The rateofmigration of groundwater from
the perched water table to the underlying site aquifer is likely to be very slow because of
the fine-grained sediments present in this area. Therefore, the contributionof the C-8
from the perched groundwater to the overall site groundwater quality is likely to be
‘minimal. In addition, the groundwater at the site is currently captured by the facility
production wells. Groundwater elevations at the site show that the site aquifer is
recharged from the Ohio River and that groundwater at the site does not discharge from
the site aquifer to the river.

C-8 concentrations in groundwater pumped at the site and used for potable or industrial
‘purposes are significantly below the C-8 SL of 150 ug/l established by the CATT

@ (WVDEP, 2002). For example, production well AMO7-PWOI (historically known as
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well 336) supplies potable water to the facility. C-8 concentrations in groundwater from
® AMO7-PWOI have ranged from 0.071 (J) to 1.9 (L) ug/L

Surface-water Quality
‘The available C-§ concentration data for surface water at the site was presented in
Section 3.3.1. The six outfalls monitored at the facility all discharge process water and
stormwater runoffto the Ohio River. Outfals 003 and 007 discharge effluent with the
lowest concentrationsof C-8, ranging from NQ to 8.56 ug/l. Outfals 002, 001, and 105
discharge higher concentrations ranging from 0.118 10 54.6 ug/l Historically, Outfall
005 has shown the highest concentrationsof C-8 and has discharged a larger volume of
effluent compared to the other outfalls at the facility with concentrations ranging from
1.43 10 915 ug/l. Note that the 915 ug/l measurement is unusually high compared to the
other values measured at this outfall and likely was a sample collected when the system
was temporarilyof line. Excluding this anomalous measurement, the C-8 concentration
range is from 1.43 to 199 ug/l. The C-8 concentration at Outfall 005 has decreased in
2001 and 2002 following the installationof a carbon filtration treatment system in the
flouropolymers process. Comparing the highest measured C-8 concentration in effluent
from the outfalls, 915 ug/l, to the CATT-established the Aquatic Life Advisory
Concentration for C-8 (C-8 ALAC) of 1,360 ug/l shows that all values are lower than the
criteria (Menzie-Cura & Associates, 2002).

3.52 Current Human Health and Ecological Exposure Pathways
@ ‘The main objectiveof the Consent Order was to determine whether there has been an

impact on human health and the environment as a resultof releases of C-8 to the.
environment from DuPont operations at the facility and the associated landfills (Local,
Letart, and Dry Run). Therefore, human health and ecological exposure pathways both
on-site (at the facility) and off-site (adjacent to the facility and the Local Landfill) were:
considered. The human health and ecological exposure pathway sections below describe
the potential exposure routes for human and ecological receptors on- and off-site the.
facility/Local Landfill. Potential exposure routes were evaluated and classified as
complete or incomplete. Table 3.15 summarizes the on-site and off-site human health
and ecological exposure pathways evaluation for the facility. To be conservative, for
each complete exposure pathways, the maximum C-8 concentration measured in the C-8
impacted aqueous media is compared to the C-8 SL, regardless of media type.
On-Site Human Health and Ecological Exposure Pathways
On-site human receptors include authorized facility workers and facility visitors.
Ecological receptors include animals living within the facility boundaries.
Direct exposure to C8 bearing materialscontained within the Solid Waste Management
Units (SWMUs) is limited or non-existent because these materials have been removed
and regraded or paved (Riverbank Landfill, Burning Ground, Waste Incinerators, and
Digestion Ponds) or covered and vegetated. In addition, institutional controls (such as.
fencing) and excavation permits also limit exposure. Therefore, human and ecological

@ receptor contact with these materialsis considered to be an incomplete exposure
pathway.
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A large portionof the facility is covered with asphalt and concrete. Surface-water® contact with C-8 impacted soilso groundwater is not likely in these areas Therefore,
surface water contacting C-8 impacted soils is an incomplete cxposure pathway. Much of
the precipitation falling on-site is routed toward drains and storm sewers, which
ultimately discharge into the Ohio River. Precipitation falling on the riverbank slope
either infiltrates into the soil o runs off to the river. The sceps that occur in places along
the riverbank are likely caused by infiltration of precipitation that accumulates above or
in the low-permeability Holocene sil and clay overbank deposits that underlie topsoil and
fill along the riverbank. Human receptor contact with impacted seep water is an
incomplete exposure pathway due to the active French-drain groundwater collection
system. Direct exposure to efMuent discharging through the outfall is an incomplete
pathway because there are engineering and institutional controls (such as fencing) in
place.
Direct exposure to groundwater impacted by C-8 is also an incomplete pathway at the
facility because groundwater is located at about 30 to 38 feet below ground surface (bgs)
near the river bank and at 60 to 80 feet bgs under the central portion of the site. The only
potenial contact route for groundwater is via contact with water pumped from production
wells. Water pumped from production wells is used for two purposes: supplying drinking
water and providing industrial process water.
‘Well AMO7-PWOL is the production well that provides the majorityof the drinking water
1o the facility. The other wells that provide drinking water at various times are AOOS-
PWOI and AQO9-PWO1. Because AMOT-PWOI provides drinking wate, it was included

oD in the groundwater monitoring plan for the facility. C-§ concentrations in groundwater
from AMO7-PWO1 have ranged from 0.071 (1) to 1.9 (L) ug/l. These concentrations are
significantly lower than the CATT-cstablshed C-8 SL of 150 ug/l (WVDEP, 2002). In
addition, average concentrationsof C-8 in drinking water at point of use (which is
‘mixtureofwater from the three wells) will be lower than the maximum concentrations
detected in any single well. Human receptors contact with impacted drinking/tap water is
a complete exposure pathway.
C-8 was detected in production wells providing industrial process water (K16-PWO1,
VOS-PWO1, and LO4-PWOI). The maximum concenration of C-8 measured in these.
wells was 51.2 ug/l, detected in well VOS-PWOI. Water from these wellsis not used for
drinking, but rather for industrial processes including non-contact and contact cooling
water, fire water, process water, conversion fo demineralized water o generate steam,
and/or consumption in the manufacturing processes. There is a potential for limited
contact. However, this contact is expected to be minimal due (0 the low duration and
frequency of contact and because health and safety procedures in place are followed
when working with or around process water. Average concentrationsofC-§ in process
water a the point ofuse (which is again a mixtureof water from several production
wells) will be lower than maximum concentrations detected in any single well
An ecological evaluation conducted as partof the RCRA Facility Investigation focused
on identifying whether significant ecological resources may be exposed to site-related

) consiituents released from the SWMUs (DuPont, 1999). This evaluation concluded that
@ surface soil at the RiverbankLandfillDigestion Ponds was theonly potential ecological

‘exposure medium within the RFI study area. However, topsoil and a vegetation cover
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prevent human and ecological receptor contact with surface soils (i.¢., 0 to 1 feet).
@® Therefore, the contact with surface soil at the Riverbank Landfill Digestion Ponds is an

incomplete exposure pathway. Surface-water contact with C-8 impacted sols or
‘groundwater is not likely because the Waste Incinerators and Buming 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 mediaofconcern
for ecological receptors, and groundwater does not discharge to surface water at the sit.
Therefore, contact with surface water or groundwater or subsurface soil is considered an
incomplete ecological exposure pathway.
Off-Site Human Health and Ecological Exposure Pathways.
Off-site human receptors include residents using the water sources sampled during the
groundwater well and water-use survey. Ecological receptors include livestock using the
water sources sampled during the groundwater well and water-use survey.

West Virginia One- and Two-Mie Radius Groundwater and Surface Water
Direct exposure to C-8 impacted surface water and groundwater is considered to be an
incomplete pathway in situations where the water source is not used. The pathway is
considered to be a complete pathway in situations where the water source is used but the
water is not used for drinking-water purposes, although the exposure is considered to be
‘minimal. The highest C-8 concentration in a non-drinking-water sample was 5.07 ug/l,
well below the C-8 SL of 150 ug/l. The pathway is considered to be completeif the well

o is used for drinking-water purposes. The highest C-§ concentration measured in drinking.
water was 2.8 ug/l, significantly lower than the CATT-established C-8 SL of 150 ug/l
(WVDEP, 2002). Therefore, even though the pathway is complete,i also is considered
to be limited due to the low C-8 concentrations measured.
An evaluation of ecological exposure to groundwater and surface water shows that there
is a complete pathway for exposure to livestockifthese water sources are used for these
purposes. Within the West Virginia one- and two-mile radius, the highest concentration
of C-8 measured in water tht was specifiedas a non-drinking-water source used for
livestock is 5.07 ug/l, well below the CATT-established C-8 SL. Exposure of C-8 to
ecological receptors is limited due to the low C-8 concentrations measured.

Ohio One- and Two-Mile Radius Groundwater and Surface Water
As stated in the previous section, the exposure pathway for groundwater varies from
incomplete to complete depending upon water use. Within the Ohio one- and two-mile
radius, the highest drinking-water C-8 concentration measured was 8.59 ug. This
concentration is significantly lower than the C-8SLof 150 ug/l (WVDEP, 2002). While
the pathway is considered to be complete,exposurealso is considered to be limited. The
pathway is complete for surface water because one spring used for drinking water within
the one-mile radius was sampled. However, the C-8 concentration is low, 1.29 ug/l,
compared to the CATT-established C-8 SL.
An evaluationof ecological exposure to groundwater and surface water shows that there

@ is a complete pathway for exposure 10 livestock if these water sources are used for these
purposes. Within the Ohio one- and two-mile radius, no water sources identified as a
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drinking water or non-drinking water were used for livestock. However, the highest C-8
® concentration measured in a non-drinking-water sample, which may be used for

livestock, was 23.6 ug/l.

‘Ohio River Water
Direct exposure to Ohio River water is a complete pathway, although the exposure is
considered to be limited because river water is not directly used for drinking water. River
water is ultimately the recharge source for PWS along the Ohio River. However, the
highest C-§ concentration in the Ohio River water, 1.09 ug/l, is well below the C-8 SL.

Public Water Supplies
‘The highest C-§ concentration measured in connection with sampling related to PWS
along the Ohio River was measured in a test well at Little Hocking Water Association,
Ohio. However, this concentration does not represent the concentrationofC-8 in
drinking water supplied to the public. The highest C-8 concentration measured in the
drinking water from the Little Hocking well field was 4.29 ug/l. Compared to the CATT-
established C-8 SL of 150 ug/l, this concentration is significantly below that level
(WVDEP, 2002). The human health exposure pathway for groundwater from the Little:
Hocking well field is complete because the water is used for drinking and non-drinking-
water purposes.

® 3.6 Washington Works Facility Summary
Many different activities were conducted at and around the facility in order to determine
whether there has been an impact on human health and the environment as a result of
releasesof C-8 to the environment from DuPont operations at the facility. The C-8
concentration in groundwater and surface water from many sources (on-site, off-site,
monitoring wells, production wells, private wells, springs, cstems, river water, and
PWS) was measured. More than 670 samples were analyzed. Based on allof the data
evaluated for the Washington Works facility, the following observations were made:

Q The current exposure pathways are incompletefor human and ecological
receptors contact with the following C-8 impacted media
+ Onsite SWMUs
«Onsite soil
«Onsite surface water
«Onsite groundwater

Q In addition, the current exposure pathways are incomplete for ecological receptors
contact with the following C-8 impacted media:
«On-site drinking water
«Onsite process water

Q Current on-site human receptors contact with C-8 impacted drinking water is a
complete pathway. However, this pathway is considered to be minimal because

S the highest C-§ concentration measured in drinking water at the site was 1.9
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(L) ug/l, significantly lower than the CATT-established C-8 SLof 150 ug/l
® (WVDEP, 2002)

Q Current on-site human receptors contact with C-8 impacted process water is also a
complete pathway. However, this pathway is considered to be minimal because
health and safety procedures are in place and followed when working with or
around process water. The highest C-8 concentration measured in process water
at the site was 51.2 ug/l which is lower than the CATT-established C-8 SL of
150 ug/l.

Q Current off-site exposure pathways for human and ecological receptors that are
complete but minimal, due to the very low C-8 concentration measured, include
residential and public drinking-water sources, residential non-drinking-water
sources, and Ohio River water. For the drinking-water sources, the highest C-8
concentration measured was 8.59 ug/l, well below the C-8 SL of 150 ug/l. For the.
non-drinking-water sources, the highest C-8 concentration measured was
23.6 ug/l, whichis significantly lower than the C-8 SL of 150 ug/l. For Ohio
River water, the highest C-8 concentration was 1.09 ug/l again significantly
Tower than the C-§ SLof 150 ug/L

Q The current revised groundwater model supports DuPont's previous conclusions
that no offsite migration of groundwater is known to be occurring and that no
potential groundwater migration pathway exists beneath the Ohio River.

Q The current groundwater modeling observations combined with the current C-§
concentrations observed in groundwater, surface-water, and PWS in Ohio indicate
that air transportof C-8 is the primary migration pathway for C-8 from the facility
to adjacent areas. C-8 transported in air emissions and deposited on surfaces is
likely to be mobilized by precipitation and migrate via water transport to surface
water and/or groundwater.

Q Air transportof C-8 inairemissions and water transportofC-§ directly
discharging through facility outfals into the river are believed to be the sources of
Cin the Ohio River. The highest C-8 concentration measured in Ohio River
water was 1.09 ug/l. This C-§ concentration is significantly lower than the CATT
established C-8 ALAC of 1,360 ug/l (Menzie-Cura & Associates, 2002). C-8 in
the Ohio Rivers likely to be the source of C-8 in PWS located downstreamofthe.
facility.

Q SWMUs on-site are believed to be the primary source of C-8 migration to
groundwater. Air disposition of C-8 on the ground surface combined with surface.
water transport to groundwater also may have occurred.

Q The current groundwater modeling observations combined with the current C-8
concentrations observed in groundwater at the facility also support potential
migrationofC-8 from C-§ containing materials in the SWMUs directly into
groundwater via water transport
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@® 4.0 LOCAL LANDFILL

4.1 Introduction

‘The Local Landfill is located immediately south of the Washington Works facility and
consistsof three separate closed cells. The three cells operated from 1964 to the mid-
1980s under WV/NPDES Permit No. WV0076538 (see Figure 4.0). When the cells were
closed, the cells were covered with approximately 2 feetoflow permeability soil and
vegetative cover. Consent Order required tasks to be conducted at or immediately
adjacent to the Local Landfill included the following:

Q Task A: Groundwater Well and Water-Use Survey and C-8 Sampling—conduct a
distance-phased groundwater well and water-use survey identifying and sampling
all groundwater wells, springs, and cistemns within a one-mile (and possibly two-
and three- mile) radial distance of the facility and the Local Landfill

Q Task B: AssessmentofExisting Groundwater and Surface Water Monitoring
Data—conducting monthly samplingfor C-8 at Local Landfill at certain outfalls
identified in WV/NPDES No. WV0076538 as Outfalls 101, 004 (Old), 004
(New), 005 (OIdY'SS-1, and 005 (New). C-8 samples were to be taken from all
the wells at the Local Landfill monthly for the first four months and quarterly
thereafter.

QQ 9 Task C: Plume Identification/Groundwater Assessment determine the vertical
and horizontal extent of C-8 impacted groundwater at Local Landfill exceeding
1 ug/l or as directed by the GIST.

In Sections 4.2 through 4.4, discussions are presented of the specific activities conducted
to meet the requirementsof the Consent Order along with the resultsofthe sampling
activities. In Section 4.5, the revised site conceptual model that better represents the
current environmental setting (geology, hydrology, hydrogeology, groundwater flow, and
‘water quality) and current human health and ecological exposure pathways for the
conditions at and surrounding Local Landfill is presented.

4.2 Task A: Groundwater Well and Water-Use Surveying and C-8
Sampling
‘The Washington Works facility is located immediately north of the Local Landfill.
Becauseofthe proximityofthe facility to the Local Landfill, groundwater wells located
within the combined one-mile radius (ofboth sites) in West Virginia were sampled. The
results for the groundwater well and water-use surveying and sampling for the facility
and the Local Landfil are presented in Section 3.2.1 and 3.2.2. Briefly summarized,
expansionofthe one-mile radius was required by the GIST because the C-8
concentrations in five drinking-water samples within the one-mile radius were above the

; 1 ug/l threshold level. Within the two-mile radius, only one drinking-water sample had a
@ C8 concentration above 1.0 ug/l. The results for the two-mile radius showed a trend

toward lower concentrations than in the one-mile radius. Based on these results, and the
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establishmentof the human health protective screening criteria for water (C-8 SL) of
o 150 ug/l by the CATT, the GIST determined that no further off-site surveying around the

facility and the Local Landfill was needed

4.3 Task B: Assessment of Existing Groundwater and Surface-water
Monitoring Data

43.1 Monitoring of C-8 in Groundwater and Surface Water
Groundwater Monitoring
“The Consent Order required that all monitoring wells at Local Landfill were to be:
sampled for C-8. The frequency of sampling was to be monthly for the first four months
following the effective date of the Consent Order, then quarterly thereafier. Monthly C-8
sampling ofgroundwater began in December 2001 and quarterly sampling began in May
2002 (2002). Table 4.0 provides a list of the monitoring well included in the
‘groundwater monitoring program for Local Landfill. Well construction and groundwater
elevation data also are provided in Table 4.0. Al the time monitoring started, only four
‘monitoring wells existed at Local Landfill, LLMW-4, LLMW-6, LLMW-9, and
LLMW-10. Another five wells were installed during 3Q02 as part ofthe C-8 plume
delineation work plan, and these wells were included in the monitoring program starting
in 4Q02. Figure 4.1 shows the locationof the monitoring wells. Table 4.1 presents the
C-8 concentrations measured in these monitoring wells, including C-8 data acquired prior

od to the issuance of the Consent Order. The most recent data are listed firs for cach wel
Atthe present time, only general observations can be made from the five wells recently
included in the monitoring program becauseof the limited data set. Additional
groundwater monitoring data will be obtained during the 1Q03 event. However, for the
four wells with multiple C-8 measurements, some observations can be made, and the
result for the new wells can be compared (0 the historical data available. LLMW-4,
LLMW-6, and LLMW-138 show the highest C-8 concentrations ranging from 1.32 to
79.6 ug/l. Shallow, overburden well LLMW-11A, only sampled once, had a C-8
concentration of 2.22 ug/l. The other five wells at the landfill have lower concentrations,
ranging from ND to 1.12 ug/l
“The next groundwater-sampling event for the Local Landfill is scheduled for the frst
quarter 2003
Surface-water Monitoring
“The Consent Order also identified three outfall at Local Landfill (regulated by
WV/NPDES Permit No. WV0076538) where monthly C-8 sampling was to be
performed, Outfalls 101, 004 and 005. Monthly sampling of these three outfalls began in
December 2001. In March 2002, two additional outfalls were added to the monitoring.
program due to a modificationofthe WV/NPDES permit. [The names ofthe two ofthe
outfall already included in the monitoring program were modified. Outfall 004 was

} renamed Outfall 004 (1d), not to be confused with Outfall 004 (New) and Outfall 005
@ was changed to Outfall 005 (Old)/SS-1, not to be confused with Outfall 005 (New).]
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Figure 4.1 shows the locationsofthe five outfalls in the monitoring program. The two
® 004 outfalls monitor a stream on the north sideofthe property and the two 005 outfalls

‘monitora stream located on the westem sideof the property. Bothof these streams
discharge stormwater runoff from the landfill. Surface water in the two 004 outfalls
ultimately discharge to Pages Run, which crosses the facility and enters the Ohio River.
Surface water in the two 005 outfall crosses through the facility in stormwater pipes and
ultimately discharges through Outfall 003 10 the Ohio River. Outfal 101, located along
the northeast perimeterofthe landfill property, is located in a plastic sewer pipe that
conveys seep water and leachate from a seriesofthree holding ponds located on the cast
sideofthe landfill cells in addition to stormwater runoff. Water passing through Outfall
101 is conveyed via the sewer pipe to the Washington Works facility and ultimately
discharges through Outfall 001 into the Ohio River. LMI (Leachate) is a surface-water
point that monitors leachate entering Pond 2, oneof the holding ponds tha then discharge
through Outfall 001. LM! (Leachate) and is monitored bi-annually for C-8.
‘Table 4.2 provides the C-8 concentration data for the outfalls, including C-8 data
acquired prior to the issuing of the Consent Order. The most recent data are listed first
for each outfall. Outfall 101 is the only outfall that has consistently had flow since the
beginningofthe C-8 monitoring program. The other four outfalls have had no-flow
conditions for the past three months, most likely due to the drought. The concentrations.
of C-8 in both 004 outfall have been in the 10-15 ug/l range, while the concentration in
the both 005 outfalls have been higher, in the 20 to 50 ug/l range. Outfall 101 has shown
a wider rangeof C-8, from 12 to 115 ug/l. LMI (Leachate) has had the highest C-8

® concentration at Local Landfill (120 ug/).
Outfall sampling for December 2002 has been completed, and the monitoring report will
be issued to the GIST in February 2003. Outfall sampling for January 2003 has been
completed, but the C-§ results have not yet been validated. The next monthly outfall
sampling event is scheduled for February 2003.

4.4 Task C: Plume Identification/Groundwater Assessment

Based on the data gaps identified in the Compilationof Historical C-8 Data report
(DuPont, 2002b), the C-§ Plume Identification/Groundwater Assessment Work Plan was
developed and submitted 10 the GIST (DuPont, 2002). This work plan included specific
activities recommended to fill the data gaps. In the following sections, cach of the
activities recommended in the C-8 plume delineation work plan is summarized. Details
of the activity status and the data acquired are then presented.

4.4.1 C-8 Monitoring in Groundwaterand Surface Water at Local Landfill
Continuingtomonitor C-8 in groundwater in the overburden and in the underlying
bedrock aquifer (utilizing the newly installed monitoring wells), and in surface water at
existing locations identified in the Consent Order, was an activity recommended in the
C-8 plume delineation work plan (DuPont, 2002¢). The resultsofcontinued monitoring

_ ofgroundwater and surface water are presented in Section 4.3.1. Monitoring of C- in
@ groundwater continues on a quarterly basis, while surface-water monitoring of C-8 is

conducted on a monthly basis.
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4.4.2 Surface-water Field Reconnaissance at the Washington Works Facility
@ ‘Conducting field reconnaissance to identify additional surface-water features located at

the Local Landfill and sampling surface water from new locations identified during this
effort was a C-8 plume delineation recommended activity. Field reconnaissance was
performed, and no new surface-water featres were identified.

4.4.3 Installation of New Wells at Local Landfill
‘The installation of four additional well clusters (overburden and bedrock) was proposed
in the C-8 plume delineation work plan to further characterize the bedrock stratigraphy
under the site, to further delineate C-8 concentrations in groundwater, and to evaluate
‘groundwater flow direction. One well cluster, LLMW-11 A and B, and three bedrock
wells, LLMW-12B, LLMW-13B, and LLMW-14B were installed during 3Q02. The
overburden wells were not installed at threeofthe proposed well cluster locations
because very little overburden was encountered and the overburden was dry. Figure 4.1
shows the locationsofall monitoring wells a the Local Landfil including the locations
ofthe newly installed monitoring wells. Well construction diagrams for the new wells,
are provided in Appendix B.
‘The geological logs for the five wells installed in 3Q02 confirm previous interpretations
of subsurface conditions at the site. In general, some thicknessofclay and weathered
bedrock (shale, sandstone, and/or siltstone) is underlain by umweathered bedrock, which
consistsofaltermating layersof shale and layersofsandstone and/or siltstone. Where the

oO data were available, it confirmed that the lithologic units dip slightly toward the north.
‘The new geological data were used to refine the geologic interpretation used for the
revised SCM, which is presented in detail in Section 4.5.1

4.4.4 Local Landfill Site Conceptual Model Refinement
‘The final recommended activity for the Local Landfill was the integration of all the new.
data gathered during completionofTasks A, B, and C into a revised SCM. This activity
has been completed, and the revised SCM is presented in the following section.

4.5 Revised Site Conceptual Model

The revised SCM better represents the current environmental setting (geology,
hydrology, hydrogeology, groundwater flow, and water quality) and current human
health and ecological exposure pathways for the conditions at and surrounding the Local
Landfill. The following sections present the revised SCM in detail.

45.1 Current Environmental Setting

Geology
In 1989, eight monitoring wells were installed at the Local Landll by Tetra Tech
Richardson (LLMW-1 through LLMW-8). However, fiveof these monitor wells

@ (LLMW-1, LLMW-2, LLMW-3, LLMW-5, and LLMW-7) were closed in 1996 because:
the wells were screened in the discontinuous shallow clays and underlying weathered
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bedrock. LLMW-8,a bedrock well, was closed in 1997. Two additional bedrock wells,
® LLMW-9 and LLMW-10 were installed in 1995 and 1997, respectively. LLMW-9 was

installed as a background well. These two wells are screened within a sandstone layer
that was selected as the significant underlying aquifer for SW/NPDES permit monitoring.
‘Table 4.0 summarizes the well construction data for the existing monitoring wells. Five
additional wells, LLMW-11A, LLMW-11B, LLMW-12B, LLMW-13B, and LLMW-14B
were installed at Local Landfill in 3Q02 as partof the C-8 plume delineation work plan
(DuPont, 2002K).
‘The locationsof three cross-sections developed for the Local Landfill are shown in
Figure 4.2. Two cross-sections, A-A’ and B-B', were presented in the Compilation of
Historical Data Report (DuPont, 2002b) and have been modified to include data not
previously available for LLMW-9 and LLMW-10. In addition, LLMW-12B, a newly
installed well, was projected onto B-B’. A-A” runs west to east through the central
portionofLocal Landfill. B-B" runs north to south. Cross-sections A-A” and B-B' are
shown in Figures 4.3 and 4.4, respectively. Cross-section C-C", shown in Figure 4.5, is a
new cross-section that starts in the south and runs north, and then runs to the cast,
showing the geological data obtained from manyofthe newly installed monitoring wells.
The Local Landfil is situated in a hilly area with high relief, up to 100 feet in some
valleys, and lower relief of approximately 100 25 feet a the landfill cells. The slopes
appear to be a combination of natural topography with terraced outcropsof massive
sandstone and siltstone underlying varying amountsofsoil cover and man-made landfill
platcaus. A shallow, tight, clay overburden layer lies at the surface and ranges from 3 to

@ . 25 feet thick. The clay can contains some minor sandy and silty zones, and some pebbles
and fragmentsof sandstone in some locations. The clays are of low plasticity and appear
to be well compacted, often displaying a laminar structure (DuPont, 1990). Underlying
the shallow clay layer is weathered shale, weathered sandstone, and/or weathered
siltstone zone ranging from 1010 35 feet hick (see Figure 4.3). Below this weathered
bedrock, at depths ranging from 21 to 40 feet bes, competent bedrock is present (see
Figures 4.3, 4.4, and 4.5).
‘The bedrock at the Local Landfill consistsof inter-bedded red and varicoloredsandyor
calcareous shale, and gray, green, and brown sandstone and siltstoneofthe Permian age
Dunkard Group. Cross-section B-B" (see Figure 4.4) shows that the sandstone layers dip
gently toward the north. Mostofthe sandstone layers located in the upper portionof the.
stratigraphic section are lenticular and laterally discontinuous. However, four laterally
continuous sandstone and/or siltstone layers are located in the lower stratigraphic section
(sce Figures 4.3, 4.4, and 4.5). These water-bearing units are referred to as A-Zon (the
“underlying significant aquifer"), B-Zone, C-Zone, and D-Zone. These four zones are
labeled on the cross-sections and are discussed in detail in the hydrogeology section that
follows.
Hydrology, Hydrogeology and Groundwater Flow

Hydrology
In general, infiltrationofprecipitation is limited due to the very low hydraulic

[2] conductivity (5 x 107 cm/sec)of the surficial clays (where these clays exist) and the

WWKCSDuaSamay te tealFeb 5.05 30Wiminion, OF 000051



800 SummaryRepent Local Landfill

weathered bedrock (DuPont, 1992). In addition, infiltrationofprecipitation into the cells
® is limited by a surface cover that includes approximately 2 feetof low permeability soil

and vegetation.
Storm runoff flows into two streams, one located on the northern sideofthe property and
one located on the southern sideof the property. Surface water in these two streams is
‘monitored. Outfalls 00S(Od)/SS-1 and 00S(New) monitor surface water in the north-
side stream and Outfals 004(Old) and 004(New) monitor surface water in the south-side
stream. For the past few months, no-flow conditions have been observed at Outfalls 004
and 005, indicating that these streams have no base flow. Leachate from 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 (see Figure 4.1). However, during the recent drought conditions
02002, many seeps, which normally do flow, were not observed flowing. The lack of
observed flow may be a resultofthe drought conditions. Leachate from these ponds is
discharged into a pipeline. Monitoring ofcombined pond effluent conveyed in the
pipeline isconducted at Outfal 101. Pond effluent is conveyed through Outfall 101 to
the facility where it passes through stormwater Outfall 001 into the Ohio River.

Hydrogeology
Groundwater underlying the Local Landfill occurs in multiple stratigraphic units. A
discontinuous upper layer consistsof the clays and underlying weathered bedrock and has
avery low hydraulic conductivity (DuPont, 1992). The lower layers consist of the
continuous and discontinuous sandstone units having low permeability of 1 x 10° cm/sec.

Q ‘The lower sandstone and/or siltstone layers are now identified as the A-Zone, B-Zone,
C-Zone, and D-Zone based on re-evaluating the old geologic and hydrogeologic data and
the new data obtained while installing and monitoring the new wells at Local Landfill
‘These four zones are indicated on the cross-sections wherever possible (sce Figures 4.3,
4.4,and 4.5). The A-Zone through D-Zone are separated by laterally continuous shale
layers. Well yields from the sandstone and siltstone layers arc very low, ranging from
<0.5 gpm to 1.5 gpm (DuPont, 1992).
‘The highest laterally continuous sandstone layer i located at elevations between 710-740
feet above MSL (see Figures 4.3, 4.4, and 4.5) and is designated as the “underlying
significant aquifer.” This unit is currently monitored semiannually as required by the
permit at monitoring wells LLMW-4, LLMW-6, LLMW-9, and LLMW.-10. Based on
the new geological data obtained, this unit also will be referred to as the A-Zori, The
A-Zone outcrops in the western, northern, and eastern valley wallsof the property.
‘The next lower sandstone unit is designated as the B-Zone and is monitored via
LLMW-12B. The B-Zone is located at elevations between approximately 665 and 694
fect above MSL. The B-Zone also should outcrop in the western, northern, and castern
valley wallsofthe property.
The C-Zone is the next lower sandstone/siltstone unit and is monitored through wells
LLMW-13B and LLMW-14B. The C-Zone is located at elevations between
approximately 612 and 640 feet MSL. LLMW-11A, located to the southof oneof the

@ landfill cells, may be screened in a weathered portion of C-Zone. The screen is located at
the correct clevation for C-Zone, and the lithology there is described as clay overlying silt
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and sand. However, because it i located in a valley, the clay, silt and sand could be:
® recent deposits instead of weathered bedrock. In addition, because there is stream

nearby, there is likely to be a component of surface-water interaction involved at this
location when the siream flows. The Outlets 004(O1d) and 004(New), which monitor this
stream, weredryduring August, September, and October 2002. Based on the data
available, LLMW-11A is considered to be part oftheC-Zone monitoring wells. The
lowest elevation on the north edge of the Local Landfil and the southern edge of the
Washington Works facility is approximately 650 fect MLS. The highest elevation of
C-Zone, approximately 640 feet MLS, is about 10 fect lower than the surface elevation
indicating tha this zone is not exposed at the surface but more likely, the edge ofthis
zone contacts the alluvial material directly.
“The D-Zone is the lowest hydrogeologic unit encountered, 345 to S62 feet MSL, and is
‘made upofsiltstone and sandstone. LLMW-11B isthe only well that was drilled deep
enough to encounter the D-Zone; therefore, ltl information about the lateral continuityof this unit is available. This unit may have been encountered at LLMW-1; however, the
distance between these two wells is 00 far to extrapolate the data, The D-Zone also does
not outcrop on the surface and most likely contacts the Pleistocene alluvium directly in
the subsurface.

Groundwater Flow
Groundwater elevations have been measured semiannually since 1994. Groundwater
clevation contour maps forthe significant underlying aquifer (A-Zone) have been

SD prepared from these data a required by the WV/NPDES Permit No. WV0076538.
Figure 4.6 presents the groundwater clevation map for 4Q02 for the A-Zone. A
groundwater elevation map for 4Q02 for the C-Zone i presented in Figure 4.7. Note that
data from LLMW-11A was used to make this map because the outfalls monitoring the
stream next to these wells showed no-flow conditions. i was assumed that water
elevations in this well were not highly influenced by surface water. Comparing Figures
4.6 and 4.7 shows tha in general, groundwater in these two zones basicaly flows the

same direction, toward the northwest. The direction of groundwater flow in the B-Zone
and the D-Zone cannot be determined with the limited data available; however,
groundwater flow in these two zones s likely to be similar to that observed in A-Zone
and C-Zone. From a regional perspective, all bedrock groundwater is expected to
senerally flow north toward the Ohio River alluvial valley.
Evaluation of limited groundwater elevation data for the closed wels (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 (A-Zone). Evaluationof groundwater data for the A-Zone
and the C-Zone andof limited groundwater elevation data for the monitoring wells in the
B-Zone and the D-Zone alo indicates a downward vertical gradient between the zones.
“The sandstonelsiltsones ofthe A-Zone (the underlying significant aquifer) and the
B-Zane outcrop in the valley walls adjacent to the facility where groundwater discharge
may flowdownslope within the fractured rocks of the valley walls and ultimately enter

&® the Quatemary alluvial terrace deposit underlying the Washington Works facility.
Alternatively, groundwater also may discharge as seeps in the valley walls. Groundwater
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from the A-Zone and B-Zone that discharges to secps ultimately migrates to the facility
® through a numberofpathways. It can discharge downward to leachate collection ponds

and pipes (Outfall 101) and flow to the facility where it enters storm sewers and
discharges to the Ohio River. Groundwater also can seep to small streams draining the
‘property to the north [monitoring points Outfall 005(Old)/SS-1 and 005(New)] and flow
10 the Quaternary alluvial terrace unconfined aquifer where pumping of on-site active
‘well fields controls groundwater flow. Groundwater seeps in the southem valley wall can
seep to the small stream that drains the southern partof the property and ultimately flows
toward the north back on to the facility [Outfalls 004(Old) and 004(New)].

Groundwater from C-Zone and D-Zone, which are located in the bedrock at elevations
lower than the alluvium surface, likely discharges to the alluvium in the subsurface.
Groundwater flow in the alluvial aquifer, adjacent to the valley wallsofthe Local
Landfill, is toward the pumping wells located near and parallel to the Ohio River. The
‘pumpingofthese well fields lowers the groundwater level in the alluvium to below river
stage, inducing surface water from the river 10 flow into the alluvium and toward the
‘pumping wells.

Water Quality

Groundwater Quality

Table 4.1 presents the data available for C-8 in Local Landfill monitoring wells. C-8
‘concentrations in the A-Zone, the underlying significant aquifer, are highest at LLMW-4

=) (maximum of 79.6 ug/l) and at LLMW-6 (maximum of 19.9 ug/l). These two wells are
positioned adjacent to landfill cells and are the downgradient wells within the A-Zone.
Monitoring well LLMW-10, located under a landfill cell and upgradientofLLMW-4, has
shown a range in C-8 concentration of 0.15 to 1.12 ug/l. Monitoring well LLMW-9, an
upgradient well located to the southwest of one of the landfill cells has shown C-8
concentrations ranging from non-detectable to 0.14 ug/l. These data indicate that C-8
from the landfill cells (and/or from air deposition) is migrating downward and reaching
groundwater within the A-Zone. Water levels in the A-Zone show groundwater flowing
from the southeast to the northwest within this zone.

The C-8 concentration measured from the one well screened in the B-Zone (LLMW-12B)
is very low, 0.0658 ug/l. Groundwater flow gradients indicate a downward gradient from
the A-Zone to the B-Zone, which could be the migration pathway for C-8 to reach the
B-Zone. However, groundwater flow with the B-Zone is toward the facility in the
northwest and away from the one- and two-mile sampling area.
C-8 concentrations for the one round ofdata for wells in the C-Zone, LLMW-11A,
LLMW-13B, and LLMW-14B, are higher, 2.22, 6.61, and 0.488 ug/l, respectively,
supportingadownward vertical gradient for groundwater from the A-Zone to the B-Zone
10 the C-Zone as indicated by groundwater clevations. Groundwater flow in the C-Zone
is likely to be in the same direction as in the A-Zone and the B-Zone, to the northwest.

‘The one C-8 value from the D-Zone is NQ (LLMW-11B). This may indicate that
downward migrationofC-8 to the D-Zone has not taken place. However, the location of

@ this well is upgradientof the landfill cells
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Groundwater flow in all zones monitored at the Local Landfill is toward the Washington
® Works facility (northwest). It is unlikely that C-8 impacted groundwater fromanyof the

zones at Local Landfill would have migrated off-site into the one- and two-mile radius
sampling area because of this northwest flow direction.

Surface-water Quality
(C-8 concentrations in surface water are presented in Table 4.2. Outfall 101 monitors.
stormwater runoff and effluent from the leachate ponds and seeps that drain into the
ponds. Outfall 101, which has never had no-flow conditions while it has been monitored,
has had the highest C-8 concentration measured in surface water at Local Landfill,
ranging from 12 t0 115 ug/l. The C-8 concentration measured in a sample from Iniet 002
[LM (Leachate), which collects seep water flowing to Pond 2, was 120 ug/l, in
November 2002.
Outfalls 004(01d), 004(New), and 005(OIdY/SS-1 and 00S(New) are monitoring points

+ located along two streams on the southern and northern sidesofthe property,
respectively. These outfalls collect stormwater runofT from the landfil cells. These four
outfalls have all had no-flow conditions for the past several months. However, Outfall
005(O1d)/SS-1 historically has shown the highest C-8 concentrations of these four
outfall, ranging from 6.8 to 51.4 ug/L

45.2 Current Human Health and Ecological Exposure Pathways
oO The main objectiveof the Consent Order was to determine whether there has been an

impact on human health and the environment as a resultof releases of C- to the
environment from DuPont operations at the Washington Works facility and the
associated landfills (Local, Letart, and Dry Run). Therefore, human health and
ecological exposure pathways both on-site (at the Local Landfill) and off-site (adjacent to
the facility and the Local Landfill) must be considered. The human health and ecological
exposure pathway sections below describe the potential exposure routes for human and
ecological receptors on- and off-site. Potential exposure routes were evaluated and
classified as complete or incomplete.
On-Site Human Health and Ecological Exposure Pathways Current
Environmental Setting
‘This section describes the potential exposure routes for human and ecological receptors
that are found at the Local Landfill. On-site human receptors include authorized facility
workers and facility visitors. Ecological receptors include animals living within the
Tandfill boundaries. Potential exposure routes were evaluated and classified as complete
or incomplete and are summarized in Table 4.3. Table 4.3 summarizes the human health
and ecological exposure pathway evaluation for the Local Landfill. To be conservative,
for cach complete exposure pathway, the maximum C-8 concentration measured in the
C-8 impacted media is compared to the C-8 SL, regardlessof media type.
Access to the Local Landfill is restricted by electronic and locked gates at the road

. entrances. However, a posted nature trail has been established on the cast sideof the& landfill property. The trail loops around the casten partofthe landfill starting and
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ending near the landfill’ electrically operated gate. The nature trail is a marked trail and
® docs not come near the cells. Access to the site from surounding roads is possible but is

discouraged due to the heavily wooded natureofthe property and the hilly terrain. The
three cells at the Local Landfill are covered with a low permeability soil and vegetative
cover. This cover prevents human and ecological receptors” exposure to the landfilled
materials. Permit WV0076538 requires that the landfill surface will be inspected
‘quarterly for evidenceofcracking or erosion (which could allow surface water to enter
the solid waste deposit) and evidenceofsettlingofsolid waste (causing ponding of
surface water). Per Condition G-16 of the permit, a stormwater erosion inspection is
conducted annually. Therefore, human and ecological receptors’ exposure to C-8
containing landfilled materials is an incomplete pathway.

At the landfill, precipitation is expected to take oneoftwo paths. It may infiltrate
‘downward through the vegetated soil cover and into the cells, although, the low
‘permeabilityofthe soil cover reduces the amountofinfiltration. If the precipitation does
infiltrate the soil cover, it will possibly encounter the landfill materials and will continue
migrating downwards. It may be prevented from further downward migration by the low
‘permeability clays and weathered bedrock. However,if this water does migrate further
downward, it should encounter the sandstones and shale layers. Groundwater flowing
through the sandstone layers that outcrop in the valley walls located above the facility's
southern edge would be exposed at the surface in seeps,ifseeps exist. No seeps were
identified in the valley walls during field reconnaissance. Seeps near the leachate
collection ponds flow almost continuously although the amount of flow is variable.

Ad Contact with leachate from the landfill cells that has reached the ponds and surface water
via these seeps is possible and therefore, is a complete exposure pathway for human and
ecological receptors. However, contact would be very rare since only facility
representatives enter this area on an infrequent basis. The highest C-8 concentration
‘measured in leachate from Local Landfill 120 ug/l, which is lower than the CATT-
established C-8 SLof 150 ug/l (WVDEP, 2002).
Depths to groundwater at the Local Landfill ranges from around 20 feet to 130 feet bgs
(see Figures 4.3, 4.4, and 4.5). In addition, groundwater has not been observed seeping in
the valley walls indicating that ground water is not exposed at ground surface on valley
‘walls, but most likely flows in the subsurfaceof the valley walls. Therefore, contact with
C-8 impacted groundwater as an exposure pathwayto human or ecological receptors is
considered to be incomplete.

Off-site Human Health and Ecological Exposure Pathways

Off-site human receptors include residents using the water sources sampled during the.
groundwater well and water-use survey. Ecological receptors include livestock using the
‘water sources sampled during the groundwater well and water-use survey.

West Virginia One- and Two-Mile Radius Groundwater and Surface Water

Results for the West Virginia one- and two-mile radius groundwater and surface water
was presented in Sections 3.2.1 and 3.2.2. The exposure pathway is incompleteif the
water source is not used. The exposure pathway for human and ecological receptors is

@ completeif the water source is used for drinking water. The exposure pathway is
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completeifthe water source is used for non-drinking-water purposes, although, the
® exposurei considered to be minimal because the water is not ingested. The highest C-8

concentrations for non-drinking-wate and drinking-water sources was 14.3ug/l and
28 ugl, respectively, which aresignificantlybelow the CATT C-§ SL of 150 ug/l. The
pathway is complete but exposure i limited due 10 the low C-§ concentrations.

4.6 Local Landfill Summary

Many different activities have been conducted at and around the Local Landill in order
to determine whether there has been an impact on human health and the environment as a
result ofreleasesofC-8 to the environment from the landfill cels at the Local Landfill
“The C-§ concentration in groundwater and surface water from many sources (on-site, off-
site, monitoring well, production well, private well, springs, and cisterns) was
measured. Based on allofthe data evaluated for the Local Landi the following
observations were made

Q The current exposure pathways are incomplete for human and ecological
receptors contact with the following C-8 impacted media:
+ Onsite landfilled materials
+ Onsitesoil
+ Onsite groundwater

2 Human and ecological receptors contact with on-site leachate and C-8 impacted
Surfacewaterare cumently complete pathways. However, these pathways are

Q considered to be limited becauseof health and safety practices followed when
managing the leachate and becauseof institutional controls in place to limit access
to the site. The highest C-8 concentrations measured in leachate and surface
water at the ste were 120 and 115 ug/l, respectively, which are lower than the
CATT-cstablished C-8 SLof 150 ug and the Aquaiic Life Advisory
Concentration for C-8 (C-8 ALAC) of 1,360 ug/l (WVDEP, 2002; Menzie-Cura
& Associates, 2002),

@ Current offsite exposure pathways for human and ecological receptors that are
complete but limited, due to the very low C-§ concentrations measured, include
esidential drinking and non-drinking:wate sources. For the drinking and non.

drinkingwater sources, the highest C- concentrations measured were 2.8 and
5.07 ug, respectively. These concentrations are well below the C-8 SL of
150 ug.

Q Evaluation ofthe C-8 results measured at Local Landfill and the groundwater
flow directions indicates C-8 migration via water transport from Local Landfill
does not occur in any direction other than toward the Washington Works facility
in the northwest but outside the boundary of the facility and the Local Landi

3 C8 detected at locations within the one- and two-mile radius is believed to have
been transported from the Washington Works facility via air emissions. C-8
transported inair emissions and deposited on surfaces s likely 0 be mobilized by@ precipitation and migrate via water transport to surfuce water and/or groundwater.
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@ 5.0 LETART LANDFILL

5.1 Introduction

‘The Letart Landfill is located about 46 river miles downstreamofthe Washington Works
facility, northof the townofLetart in Mason County, West Virginia (see Figure 5.0).
‘The landfill was operated and closed under WV/NPDES Permit No. WV0076066. The
Letart Landfill was permanently closed by installing an engineered multi-layer
geosynthetic and soil cap (DuPont, 2001). Included in the closure activities were the
installation ofa leachate collection system, erosion and drainage control measures, and
chain-link fencing. The cap construction was completed in April 2001. The permit
requires quarterly groundwater monitoring, surface-water monitoring, and engineered cap
maintenance.
Consent Order required tasks that were to be conducted at or immediately adjacent to the
Letart Landfill included the following:

Q Task A: Groundwater Well and Water-Use Surveying and C-8 Sampling--conduct
a distance-phased groundwater well and water-use survey identifying and
sampling all groundwater wells, springs, and cisterns within a one-mile (and
possibly two- and three- mile) radial distance of the Letart Landfill.

a Q Task B: Assessment of Existing Groundwater and Surface Water Monitoring
of Data—conduct monthly sampling for C-8 at Letart Landfill at certain outfalls

identified in WV/NPDES Permit No. WV0076066 as Outfalls 002 and 003. C-8
samples were taken from all the wells at the LetartLand ill monthly for the first
four months and quarterly thereafier

Q Task C: Plume Identification/Groundwater Assessment—determine the vertical
and horizontal extentofC-8 impacted groundwater exceeding 1 ug/l or as directed
by the GIST at Letart Landfill. This task included an assessmentofthe C-8
concentration in Ohio River Water in the vicinity ofthe Letart Landi

In Sections 5.2 through 5.4, discussions are presentedofthe specific activities that were
conducted to meet the requirementsofthe Consent Order,along with the resultsof the
sampling events. In Section 5.5, the revised site conceptual model i presented that more
accurately represents the current environmental setting (geology, hydrology,
hydrogeology, groundwater flow and water quality) and current human health and
ecological exposure pathways for the conditions at and surrounding the Letart Landfill

5.2 Task A: Groundwater Well and Water-Use Surveying and C-8
Sampling
‘The groundwater well and water-use survey and sampling activities conducted within the
one-mile radius of the Letart Landfill were completed on February 24, 2002. DuPont
submited the results of the one-mile radius survey to the GIST in April, 2002 (DuPont,

@ 20020).
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Table 5.0 summarizes the off-site surveying and sampling program for the one-mile
® radius. A total of 46 homes were surveyed, and a totalof 30 wells were sampled. Eleven

ofthe wells were used as drinking-water sources. Table 5.1 provides details for each
sample collected including the C-8 concentration measured (ug/l). Eight other wells
‘sampled were used for non-drinking water and the other 11 wells were unused. No
cisterns or springs were sampled. Figure 5.1 shows the locations sampled, regardless of
water use. Each colored circle represents a sampling location, and the color and size of
the circle indicate the magnitude of the C-8 concentration measured. Small blue circles
represent samples having C-§ concentrations less than 0.05 ug/l. Small green circles
represent samples having C-8 concentrations ranging from t0 0.05 to 1.0 ug/l.
‘The C-8 concentrations measured in all Letart one-mile radius samples were ND or NQ,
except for one sample collected from a well used for drinking water that had a C-8
concentration of 0.139 ug/l and one sample collected from an unused well that had a
concentrationof0.636 ug/l. The GIST required that the drinking-water well sample with
a C-8 concentrationof0.139 ug/l be re-sampled. However, the resident declined to have:
the well re-sampled. Based on the very low C-§ concentrations measured when
compared to the human health protective screening criteria for water (C-8 SL) of
150 ug, the GIST determined that no further surveying and sampling was needed.

5.3 Task B: Assessment of Existing Groundwater and Surface-water
Monitoring Data

® 5.3.1 Monitoring of C-8 in Groundwater and Surface Water at Letart Landfill

Groundwater Monitoring
‘The Consent Order required that all monitoring wells at Letart Landfill be sampled for
C-8. Monthly C-8 sampling of groundwater began in December 2001 and quarterly
sampling began in May 2002. Table 5.2 provides a listof the monitoring wells included
in the groundwater monitoring program for Letart Landfill. Well construction data and
‘groundwater elevation data also are provided in this table. At the time monitoring
started, 13 monitoring wells existed at Letart Landfill. Another five wells were installed
during 3Q02 as partofthe C-8 plume delineation work. These wells were included in the
monitoring program that began in 4Q02.
Figure 5.2 shows the locationof the monitoring wells. Table 5.3 presents the C-8
concentrations measured in these monitoring wells, including C-8 data generated prior to
the issuingofthe Consent Order. The most recent data are listed first for cach well. The
water-bearing units at the Letart Landfill are named from ground surface to depth as the
A-Zone through the F-Zone, with the A-Zone being the shallowest and F-Zone being the
deepest.
Groundwater in the A-Zone, the uppermost water-bearing unit, is monitored through
three wells, LMW-1, LMW-7, and LMW-8. These three wells are located along the
northwestern edgeof the landfill cell. C-8 concentrations in LLMW-1, LMW-7, and

@ LMW-8 have ranged from 0.1 to 30,500 ug/l.
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Groundwater in the next lower water-bearing unit, the B-Zone, is not monitored because® this zonei not laterally continuous at the sit.
Groundwater for the next lower water-bearing unit, the C-Zone, is monitored through
LMW-3 and LMW-5A. C-8 concentrations in LMW-3 and LMW-5A ranged from NQ to
2,270 ug/l and from 0.8 to 112 ug/l, respectively. Note that in the groundwater elevations
measured for LMW-SA (see Table 5.2) have always been at depths lower than the bottom
ofthe screen indicating that this well has been essentially dry throughout the period it has
been monitored. Groundwater sampled from this well and analyzed for C-8 may not be
representative of the C-§ concentrations in the C-Zone.
Groundwater in the D/E-Zone, the next lower water-bearing unit, is monitored through
LMW-3A, -4, -SB, -12, ~13A, and ~14A. C-§ concentrations in LMW-3A and 13A.
ranged from 60.3 10 510 ug/l. C8 concentrations measured in LMW-4, -5B and ~14A
ranged from 172 10 3,060 ug/l. LMW-12 was dry during the 4Q02 sampling event.
‘Groundwater in the F-Zone, the underlying significant aquifer, is monitored by
LMW-24, LMW-6, LMW-10, LMW-11, LMW-13B, and LMW-14B. C-8
concentrations measured in LMW-10, LMW-11, and LMW-13B have always been less
than 1 ug/l. ConcentrationsofC-8 in LMW-6 ranged from 9.4 10 30 ug/l. C-8,
concentrations in LMW-2A and -14B ranged from 50 to 990 ugl.
An additional sandstone and siltstone zone, located under the F-Zone is monitored by
LMW-9. The C-§ concentrations measured in LMW-9 ranged from 0.2 10 0.907 ug/l
‘Table 5.2 shows that groundwater elevations in this well have consistently been below

do the bottomofthe screen, indicating that this well has essentially been dry during the
‘period that is has been monitored. In addition, LMW-9 typically runs dry during
sampling and takes days to recharge. Therefore, C-8 concentrations measured in this
well (0210 0.907 ug/l) may not be representative of groundwater quality in this zone.
‘The next groundwater sampling event a the Letart Landfill is scheduled for the first
quarter 2003.
Surface-water Monitoring
‘The Consent Order identified two outfalls at Letart Landfill (regulated by WV/NPDES
Permit No. WV0076066) that required monthly C-§ sampling to be performed, Outfalls
002 and 003. Outfall 002 collects leachate and stormvaterrunofffrom the landill
Outfall 002 then discharges to a small wet-weather stream at the toe of the landfill
Outfall 003 collects stormwater runoff. Monthly samplingofthese two outfalls began in
December 2001. DuPont also is sampling surfacewater samples at selected other
Tocations, including Stormwater Runoff, Rt. 33 Stream, Brinkers Run and Cap Runoff.
Figures 5.2 and 5.3 show the locationsofthe sx surface-water sampling points. Table
5.4 summarizes the C-8 concentrations measured in the outfalls, including C-8 data
generated priorto the issuingof the Consent Order. The most recent data are listed first
for each outfall
Outfall 002 collects landSill leachate. C-§ concentrations at this outfall have ranged from
4.5210 3,240 ug. Using the 14 (see Table 5.4) C-8 results for samples collected after® the landfill cap was installed in April 2001, the range is smaller, from 4.52 to 2,050 ug/l.
The C-8 concentrations in this leachate have been highly variable since the landfill cap
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was installed. Cap Runoff C-8 concentrations ranged from 65.1 to 371 ug/l. The® Ln
003, and Brinker's Run samples’ C-8 concentrations ranged from 0.0612 to 3.92 ug/L
Outfall sampling for December 2002 has been completed and the monitoring report will
be issued to the GIST in February 2003. Outfall sampling for January 2003 has been
completed, but the C-8 results have not yet been validated. The next monthly outfall
sampling event is scheduled for February 2003.

5.4 Task C: Plume Identification/Groundwater Assessment

Based on the data gaps identified in the CompilationofHistorical C-8 Data Report
(DuPont, 2002b), the C-8 Plume Identification/Groundwater Assessment Work Plan was
developed and submitted to the GIST (DuPont, 2002¢). This work plan identified
specific activities recommended to fll the data gaps. In the following sections, each of
the activities recommended in the C- plume delineation work plan are summarized.
Detailsofthe activity status and the data acquired are then presented. In addition, Task C
included an assessmentof the C-§ concentrations in Ohio River Water in the vicinity of
the Letart Landfil, and these results also are presented.

5.4.1 C-8 Monitoring in Groundwater and Surface Water at Letart Landfill
‘The delineation work plan recommended continuing to monitor C-8 in groundwater in the
overburden and in the underlying bedrock aquifer (utilizing the newly installed

® monitoring wells), and in surface water at existing locations identified in the Consent
Order. The resultsof continued monitoring of groundwater and surface water are
presented in Section 5.3.1. Monitoring of C-§ in groundwater continues on a quarterly
basis, while surface-water monitoring of C-8 is conducted on a monthly basis.

5.4.2 Surface-water Field Reconnaissance at the Letart Landfill
Conducting field reconnaissance to identify additional surface-water features located at
the Letart Landfill and sampling surface water from new locations identified during this
effortwas a C-8 plume delineation recommended activity. Field reconnaissance was
performed, and no new surface-water features were identified.

5.43 Installationof New Wells at Letart Landfill
‘The installationof three additional well clusters (overburden and bedrock) was proposed
in the C-8 plume delineation work plan to characterize the bedrock under the Letart
Landfill, to further delineate C-§ concentrations in groundwater and to evaluate
‘groundwater flow direction. One bedrock well, LMW-12, and two well clusters,
LMW-13A and LMW-13B and LMW-14A and LMW-14B, and were installed during
3Q02. AtLMW-12, no overburden was encountered. Figure 5.2 shows the locations of
all monitoring wells a the Letart Landfill including the locationsof the newly installed
‘monitoring wells. Well construction diagrams for the new wells, are provided in

@ Appendix C.
&
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Data from the geological logs for the five wells installed in 3Q02 support the previous
® interpretationof subsurface conditions at the site. Clay and weathered bedrock (shale,

sandstone and/or siltstone) is underlain by bedrock, consistingofaltemating layers of
shale and sandstone, or siltstone or both. The A-Zone through the F-Zone and one
additional water-bearing zone, under the F-Zone, were identified. The B-Zone, which
exists in the northern areas, thins out toward the south while D/E-Zone exists in the south
and thins out to the north. Overall, the new geologic data confirmed that the lithologic
units dip slightly toward the south. The new geological data were use to refine the
geologic interpretation used for the revised SCM, which is presented in detail in Section
55.1

5.4.4 Letart Landfill Site Conceptual Model Refinement
‘The final recommended activity for the Letart Landfill was the integrationofall the new
data gathered during completionof Tasks A, B, and C into a revised SCM. This activity
was completed, and the revised SCM is presented in Section 5.5.

5.4.5 Ohio River Water Sampling Near Letart Landfill
Adjacent to the Letart Landfill, Ohio River water also was sampled to measure the C-8
concentrations. Two locations were sampled. These sampling locations are shown in
Figure 5.4. One sampling location was positioned in the river near the point where the
ravine originating at the landfill discharges surface water into the river. The other

Q sampling point was located approximately 1,000 feet downstreamofthe first location.
All samples were collected near the shoreline (approximately 100 fect castofthe
shoreline). Dip and mid-column samples were collected at both locations. In total, five
river-water samples were collected, including one duplicate sample.
“The Ohio River water C-8 results for samples collected near the Letart Landfill are
presented at the bottomofTable 3.11 and are shown in Figure 5.4. C-8 concentrations in
these five samples ranged from 0.0971 to 0.128 ug/l.

5.5 Revised Site Conceptual Model

The revised SCM better represents the current environmental setting (geology,
hydrology, hydrogeology, groundwater flow, and water quality) and current human
health and ecological exposure pathways for the conditions at and surrounding the Letart
Landfill. The following sections present the revised SCM in detail

5.5.1 Current Environmental Setting

Geology
At the time Consent Order was issued, 13 monitoring wells existed at Letart Landfill and
monitored the water-bearing zones identified at the Letart Landfill, that arc labeled as the
A-Zone through F-Zone. Another five wells were installed during 3Q02 as partofthe

“ C-8 plume delineation work to better characterize the bedrock under the Letart Landfill,
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to further delineate C-8 concentrations in groundwater, and to evaluate groundwater flowé direction,
“The locations of four cross-sections developed for the Letart Landfill are shown in Figure
5.5. Two cross-sections, A-A” and B-B", were presented in the CompilationofHistorical
Data Report (DuPont, 2002b) and are shown in Figures 5.6 and 5.7, respectively. Figure ~~
5.8 and 5.9, are new cross-sections, which stats in the north and runs south, showing the
geological data obtained from the newly installed monitoring wells,
“The Letart Landfills situated on a heavily dissected plateau consisting ofseveral steep
V-shaped valleys. Residual soil covers most landfill areas. In general, the soi at the site
has been described as residual in nature, consisting primarily of heavy clays derived from
the weatheringofbedrock. At most landfill areas, the clayi less than 10 feet thick, with
maximum thickness of 20.5 fect,
‘The underlying bedrock at the Letart Landfill consistsof interbedded red and varicolored
sandy or calcareous shale, and gray, green, and brown sandstone and/or siltstone of the
Permian age Dunkard Group. Six stratigraphic water-bearing zones that were designated
asthe A-Zone through F-Zone, with the A-Zone being the shallowest zone and the
F-Zone the deepest. These zones are identified on the cross-sections. These zones
consist of massive, very fine to fine grained crystalline sandstone and/or ilstone with
occasional shale lenses. The A-Zone through the F-Zone are separated by locally
continuous shale units that are generally 10feet or greater in thickness. The B-Zone
through the D/E-Zone are laterally discontinuous. The B-Zone and the C-Zone are a

Q single zone in the far north and separate into two distinct zones in the central area. The
B-Zone thins out and is missing from logs from the southern area. D-Zone is an isolated
unit in the northern area. This unit joins up with E-Zone in the central area. In the
southern area, the D-Zone and the E-Zone are a single zone. The A-Zone and the F-Zone
are laterally continuous. The A-Zone and the C-Zone outcrop i the valley walls, while
the D/E-Zone outcrops along the Ohio River near the southern endofthe landfill. The
F-Zone likely outcrops in the riverbankofthe Ohio River.
“The logs for LMW-9, LMW-5A, and LMW-5B were re-examined during construction of
new cross-sections and are now believed to be screening other zones. LMW-9 is now
interpreted to be screened ina sandstone zone lower than the F-Zone. Because there is
only one well in this newly identified zone, it is not clearif this zone is laterally
continuous. LMW-SB previously thought to be monitoring the F-Zone, is now believed
10 be screened in the D/E-Zone. Well LMW-5A, previously interpreted as monitoring the
D/E-Zone, is now interpreted to be monitoring the C-Zone.
Hydrology, Hydrogeology and Groundwater Flow
Hydrology
The Letart Landfill engineered cap system prevents surface water from contacting
landfilled materials. Precipitation falling on the engineered cap system takes oneoftwo
paths. It may infiltrate downward through the vegetated soil and encounter the
impermeable geomembrane and then flow laterally downslope on topof the

@ ‘geomembrane. Alternatively, precipitation may flow via overland flow on top of the.
vegetative ayer downslope. In cither situation, this surface water docs not contact the
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landfilled materials and migrates downslope toward drainage ditches constructed in or
® adjacent to the cap system. Precipitation falling on the northwest sideofthe upper part of

the cap flows downslope toward the southwest, away from the landfill, into a drainage
ditch that flows toa sediment trap near LMW-6. Precipitation falling on the remaining.
portionsofthe cap flows downslope and toward the south in drainage ditches.

Hydrogeology
Hydraulic conductivity testing [i.., slug tests (A-Zone) and borehole packer tests
(C-Zone, D/E-Zone, and F-Zone))ofthe bedrock zones indicates that these zones display
Tow hydraulic conductivity (Tetra Tech Richardson, 1990). The A-Zone hydraulic
conductivityis low, ranging from 10 cm/sec to less than 10° cm/sec. (Thereareno
wells monitoring the B-Zone; therefore, it was not tested.) The C-Zone and the F-Zone
have very low hydraulic conductivities ranging from 10° cm/sec to less than 10 cm/sec.
The D/E-Zone hydraulic conductivities also are very low and range from 10° cm/sec to
10° cmisec. The low hydraulic conductivities can be attributed to the very fine-grained
natureofthe water-bearing units. In addition, many sandstone units in the region
typically display effective porosity as low as 1 percent. This low porosity resus from
pore space being filled in by authigenic minerals (c.g. kaolinite) sometime after original
sediment deposition.
‘The F-Zone has been designated the “underlying significant aquifer” as defined by the
West Virginia Solid Waste Management Regulations because it is laterally continuous
under the landfill and is thought to be hydraulically connected to the Ohio River south of

Q the landfill. The F-Zone groundwater average lincar velocities were calculated for flow
from the north to the southwest and from the north to the southeast (DuPont, 2000).
These values are relatively low, 0.01 and 0.003 Uday, respectively. The low velocities
calculated in the F-Zone indicate that groundwater flow bencath the landfill is very slow,
atributable to the low hydraulic conductivity present in the F-Zone and all the overlying
units as well. Low vertical hydraulic conductivities in the overlying shallow zones limit
infiltration and recharge down to the F-Zone.
The saturated thickness of F-Zone is higher in the upgradient wells (LMW-2A and
LMW-11) and is lower in the downgradient wells (LMW-6, LMW-13B, LMW-14B, and
LMW-10). In many instances, the monitoring wells at the landfill cannot be sampled
until 48 hours (or longer) after purging, when a sufficient quantityofgroundwater has
recovered in the well screen interval. LMW-10 appears to essentially be dry (see Table
52).

Groundwater Flow
‘Groundwater elevation contour maps for the significantunderlyingaquifer (F-Zone) were
prepared as required by the WV/NPDES Permit No. WV0076538. Table 5.2 provides
groundwater elevation data for wells in the monitoring program. Figure 5.10 presents a
groundwater elevation map for 4Q02 data from the D/E-Zone. Figure 5.11 presents
groundwater elevation map for 4QU2 data from F-Zone. Note that Figure 5.11 has been
revised compared 10 the groundwater elevation map for 4QO2 that was provided in the

@ 4Q02 groundwater and surface-water monitoring report. Figure 5.11 now includes the
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new wells that monitor the F-Zone. LMW-9, which is screened below the F-Zone, has& been removed.
Groundwater flow in both the D/E-Zone and the F-Zonei basically from the north
toward the south. For Figure 5.10, the 4Q02 groundwater elevation contour map for the
D/E-Zone, two wells that monitor his zone were not used. The D/E-Zone becomes quite‘complicated in the southern portionofthe landfill area. In the very northern areas, theD/E-Zone does not exist. In the north-central portion ofthe landfil rea, the D/E-Zone:appears as a single lithological unit. In the south-central part, the D/E-Zone splits into a.thinner upper unit and a thicker lower unit. At thetocofthe landiill ae three wells thatmonitor the D/E Zone, two are screened in the upper unit (LMW-3A and LMW-4) and
one (LMW-5B) is screened in the lower unit. Although these well are relatively closetogether, the groundwater elevations measured in these three wells differ significantly.
‘Therefore, LMW-3A and LMW-4 were not used in constructing the groundwaterelevation map because the elevations that were observed in these wells were not thoughtto be representativeofoverall groundwater flow within this zone. In general, groundwater flow in this zone is from the north toward the south
Figure 5.11 presents the 4Q02 groundwater elevation map for the F-Zone. Tn this zone,‘groundwater also flows from the north. However, in the southern portion of the landfill,‘groundwater flow starts to be perpendicular the Ohio River and flows toward the
southeast. For this groundwater elevation map, the water level measured for LMW-10was not used. Table 5.2 shows that water levels in this well have consistently beenwithin 1 foot of the bottomof the screen, and sampling this well has been difficult

® because the well frequently goes dry during purging and is very slow to recharge. Inaddition, water levels in this well are much lower than expected compared to adjacentwells.
“The location and limited numberofmonitoring wells within the A-Zone and the C-Zoneprevents determination of groundwater flow directions within these zones. However,clevations measured in the monitoring wells indicate a downward vertical gradient withinthe site groundwater system.
Rapid decreases in the observed volumeof water discharging from the leachate collectionsystem in 2001 indicate that groundwater flow under the landfil is being greatly reducedin response to the instalationof the engineered cap system.
Water Quality

Groundwater Quality
Table 5.3 presents all historical analysis available for C-8 from monitoring wells at theLetart Landfill. Data i this table are presented and discussed by zone.
Figure 5.7 shows a cross-section through the southern end ofthe Letart Landfill. Prior tothe fillingofthe valley, his cross-section shows that the A-Zone, the B-Zone, and theC-Zone most likely outcropped in the western valley wall, the C-Zone outcropped in theeastern valley wall, and the D/E-Zone likely outeropped in the valley floor. Further upa the valley toward the north, it i likely that the A-Zone, the B-Zone, and the C-Zone@ outcrop on both the wester and castern sidesof the valley. The landfill is an unlined
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landfill. This means that C-8 impacted water migrating through the landfilled material
® prior to the installation ofthe engineered cap may have been able to migrate directly into

the C-Zone, then the B-Zone, then the A-Zone as the landfill was filled. The
groundwater elevations also indicate that there i an overall downward gradient from the
A-Zone to the F-Zone. This downward gradient also would help transport C-8 downward
from one zone to the next lower zone. Groundwater flow within the zones also would
move C-8 around within the individual zone. However, the installationofthe engineered
ap wil minimize the amount of precipitation able to infilrate into the landfilled
‘material.
“The concentration ofC-8 i the various wells in the different zones indicated that the C-8
impact is the greatest at differing locations within the zones, which is expected given that
the C-8 concentration in the landfilled materials was most likely highly variable. In the
A-Zone, LMW-1 shows the highest concentrations; and, in general, the C-8
concentrations appear to be increasing over time for all three wells. In the C-Zone, C-8
concentrations have been higher in LMW-3 than in LMW-SA. In the D/E-Zone, the
highest C-8 concentrations are found in LMW-4 and LMW-SB, both located at the toe of
the landfill. In the F-Zone, LMW-2A, which is located near the northern edgeof the
andl, has the highest C-8 concentrations. In LMW-9, which monitors a zone lower
than the F-Zone, C-8 concentrations have always ben less than 1 ug/L
C-8 concentrations in groundwater from 28 residential wells located within a one-mile
radiusof the Letart Landfill have concentrations that are ND or NQ (DuPont, 20022).
Two groundwater samples had higher values, 0.139 and 0.636 ug/l. These data indicate

> that although the groundwater in the zones under and near the landfill cell has higher
levels ofC8, the C-8 impacted groundwater has not migrated far. The 0.139 ug/l sample
is located amongst many other samples that had C-8 concentration of ND or NQ. The
location of the 0.636 ug/l sample is almost the same location as where the Rt. 33 Stream
sample is collected. C-8 concentrations in the R1. 3 Stream sample have ranged from
0.57310 3.92 ug/l. Iti possible that this wel is in communication with C-8 impacted
surface water a this location. The stream that is being sampled does receive surface-
waterrunofffrom the landfill. The C-8 concentration measured within the One-mile
radius are significantly lower that the CATT-cstablished C-8 SL a of 150 ug/l.
Inthe Compilationof Historical Data Report (DuPont, 2002b), the annual loadingof C-8
to the Ohio River from C-8 impacted groundwater at Letart Landfill was calculated. The
estimation was based on the assumption that impacted groundwater flows from the
A-Zone downward to the F-Zone and ultimately migrates to the Ohio River. The C-8
historical mean for LMW-SB can be used along with the estimated groundwater flux to
calculate the C-8 loading to the river. The estimated annual loading was 1 x 10-3 Ib/yr.
“This calculated mass is reasonable given the low hydraulic conductivities and low
average linear velocities observed in the F-zone. This annual loading should result in a
Very low C-8 concentration in the Ohio River.
‘The annual loading estimation was recalculated using a new historical mean value for the
C-8 concentration in LMW-SB now that more C-8 monitoring data are available. The
new mean value is 1,149 ug/l, higher then the previous mean used. Therefore, the revised

@ annual loading estimateis 0.017 Iblyr, also higher than previously estimated. The revised
annual loading also should result in a very low concentration in the Ohio River. The.
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measured C-§ concentrations in the Ohio River near the Letart Landfill are indeed low,
® with the maximum concentration measured being 0.128 ug/l. These concenirations arc

orders of magnitude lower than the C-8 SL of 150 ug/l and the Aquatic Life Advisory
Concentration for C-8 (C-8 ALAC) of 1,360 ug/L

Surface-water Quality
‘Table 5.4 presents the C-8 results for surface-water locations monitored at the Letart
Landfill. Sampling locations, Outfall 002, Cap Runoff, and Stormwater Runoffare
associated with leachate from the landfill and have had the highest C-8 concentrations
‘measured in surface water at the Letart Landfill. Cap Runoffand stormwater runoffhave
had C-8 concentrations ranging from 50.9 to 317 ug/l. Outfall 002, which discharges
leachate and stormwater runoff, has had highly variable C-8 concentrations that have
ranged from 4.52 10 2,050 ugl since the installationof the landfill cap. Outfall 003,
which discharges stormwater runoff, has been dry or has had C-8 concentration lower
than 0.4 ug/l. The Brinker Run sample, which was collected from a stormwater drainage
ditch, had a very low C-8 concentation, 0.0612 ug/l. Stormwater runoff from the.
northem part of the landfill flows down the stormwater drainage ditch, off the property
and into Brinker's Run. Brinker's Run discharges into apond that is locatedoffthe north
sideofthe landfill property. The Rt. 33 Stream sample is collected at the point where
Brinker's Run enters the pond. The C-8 concentrations for the Rt. 33 Stream samples
have ranged from 0.573 to 3.92 ug/l. The pond then discharges to the Ohio River. Other
than Outfall 002 and Cap Runoff samples, all the surface-water samples for the Letart

® Landfill are less than the drinking water and the C-8 ALAC (WVDEP, 2002; Menzie-
Cura & Associates, 2002).

5.5.2 Current Human Health and Ecological Exposure Pathways
“The main objectiveof the Consent Order was to determine whethertherehas been an
impact on human health and the environment as a resultofreleasesof C-8 to the
environment from DuPont operations at the Washington Works facility and the
associated landfills (Local, Letart, and Dry Run). Therefore, human health and
ecological exposure pathways both on-site (at the Letart Landfill) and off-site (adjacent to
the Letart Landfill) must be considered. The human health and ecological exposure
pathway sections below describe the potential exposure routes for human and ecological
receptors on- and off-site. Potential exposure routes were evaluated and classified as
complete or incomplete. Table 5.5 summarizes the human health and ecological
exposure pathway evaluation for the Letart Landfill. To be conservative, for cach
complete exposure pathway, the maximum C-8 concentration measured in the C-8
impacted media is compared to the C-§ SL, regardless of media type.
On-Site Human Health and Ecological Exposure Pathways Current
Environmental Setting
‘This section describes the potential exposure routes for human and ecological receptors
that are found at the Letart Landfill. On-site human receptors include authorized facility

@® workers andfacility contractors. Ecological receptors include animals living within the
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landfill boundaries. Potential exposure routes were evaluated and classified as complete
® or incomplete

“The Letart Landfill closure was completed in April 2001 with the installation ofan
engineered cap system. The cap system drainagecontrolswere designed to convey the
runoff fom the landfl cap oa designated discharge point and to climinate the potential
for runoff-related erosionofthe cap. In addition, the landfil cap is required to be
inspecteda least quarerly (permit requirement C.12.A) for evidenceof erosion as part of
the landfil's Stormwater Pollution Prevention Plan. The engineered cap system prevents
human and ecological contact with the landfilled materials and soils that may have been
impacted by C-8. Contact with C-8 containing landfilled materials and soils is
considered an incomplete exposure pathway to human and ecological receptors.
“The Letart Landfill engineered cap system also prevents surface water from contacting
landed materials. Surface water flows toward drainage ditches constructed in th cap
system and is discharged at the southern edgeofthe landfill. Because this surface water
oes not contact the landfilled materials, it i not impacted by C-8. However, leachate
discharging from the leachate collection system is piped to Outfall 002 (leachate basin),
where it mixes with stormwater runoff. Outfall 002 cntersa small, wet-weather stream
that flows approximately 400 feet before it discharges to the Ohio River. However,
exposure i limited becauseofthe emote location of the andfil, the very seep terrain,
and the wet-weather natureofthe stream. In addition, fencing limits access to the area.
Further, the useof health and safety plans, standard operating procedures, and personal
protective equipment also limit exposure, The highest C-8 concentration measured in

QQ leachate since the instalationof the landfl cap was 2,050 ug/l. The highest C-8
concentration measured in the Ohio River adjacent to where this wet-sweather stream
enters the iver was 0.128 ug/l
The D/E-Zone and the F-Zone exist at elevations lower than the leachate collection
system. Groundwater flowing from these zones to the south discharges to the Ohio
River. Contact with this water is limited to the areas where these zones may oulcrop on
the valley walls. However, in general, groundwater flows downslope within the shallow
soi, colluvium, and fractured rocksof the valley walls and wouldonlybe exposed at the
surfaceifseeps exist. Field reconnaissance did not identify ny seeps in the valley walls;
therefore, this exposure pathway for human and ecological receptors is incomplete.
Off-site Human Health and Ecological Exposure Pathways
Offsite human receptors include residents using the water sources sampled during the
‘sroundwater well and water-use survey. Ecological receptors include livestock using the
water sources sampled during the groundwater well and water-use survey.

West Virginia One-Mile Radius Groundwater and Surface Water
Direct exposure to C-8 impacted surface water and groundwater is an incomplete
pathway in situations where the water source is not used. The pathway is considered to
bea complete pathway in situations where the water sourcei uscd, but not fo drinking:
water purposes, although the exposure is considered to be minimal because the water is

@ notingested. The highest C-8 concentration in a non-drinking-water sample was NQ,
well below the C-8 SL of 150 ug/l . The pathway is considered to be complete ifthe well

TRC Daa Saray oo Fo 5.6 KdVrs?
000068



800 Sumaot Letart Landfill

is usd fordrinkingwater purposes. The highest C-8 concenlration measured in drinking
@® water was 0.139 ug/l, significantly lower than the CATT-cstablshed C-8 SL of 150 ug/l

(WVDEP, 2002). Therefore, even though the pathway is complete, i also i limited due
{othe low C-8 concentrations measured

56 Letart Landfill Summary
Many different activities have been conducted at and around the Letart Landi in order
{0 determine whether ther has been an impact on human health and the environment 2s 2
esult of releasesofC- to the environmen from the landfill. The C-8 concentration in
Eroundwater and surface water from many sources (on-site, of-site, monitoring wels,
production wells, private well, nd Ohio River water) was measured. Based on ll ofthe
Gata evaluated for the Letart Landfill, th following observation were made:

@ The current exposure pathways are incomplete for human and ecological
receptors contact with the folowing C-8 impacted media:
«Onsite landfilled materials
+ Onsitesoil
+ Onsite groundwater

OQ Human and ecological receptors contact with C-8 impacted surface water and
leachate (Cap Runoff and Outlet 002) discharging to the wet-weather stream at
the to of the landfill ar currently complete exposure pathways. The highest C-
concentrations measured at these locations are 371 and 2,050 ug/l respectively.

@ However, exposure is limited because ofthe emote location ofthe andi, the
very steep terrain, and the wet-weather nature of the siream. In addition, fencing
Jimits access o he area. Further, the use ofhealth and safety plans, standard
operating procedures, and personal protective equipment also mit exposure.
Curent offsite exposure pathways for human and ecological receptors that are
comple but limited, due o the very low C-8 concentration measured, include
residential drinking and non-drinking-water sources and river water, For the
rinking and non-drinking-wate sources the highest C-8 concenrations
measured were 0.139 and NQ, respectively, which are well below the C-8 SL of
150 ug/l (WVDEP, 2002). The highest C-§ concentration measured in Ohio River
water is 0.128ug well below the C-8 SL of 150 ug/l and the 1,360 ug/l C8
ALAC developed by the CATT (Menzie-Cura & Associates, 2002)

3 Groundwater flow in th ste significant aquifer under the landfill is toward the
southwest and the Ohio River. C-8 impacted groundwater from the water-bearing
zones at Letart Landfill ultimately lows into the Ohio River.

@ Evaluationofthe groundwater flow directions at the landfill andofthe Letartone-
mile radius C-§ results shows that C-8 impacted groundwater is not migrating
toward offsite residences.

@ The revised C-8 annual loading estimate from groundwater indicates a very ow
C:§ concentration in the Ohio River from the Letart Landfill. This low estimated

@ concentration is supported by C-§ concentrations measured in the Ohio River
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(0.128ug that are well below the C-8 SL and the C-8 ALAC that were
® determined by the CATT (WVDEP, 2002; Menzie-Cura & Associates, 2002).

Q The transport pathway of C-8 at the Letart Landfill is believed to be via water
transport from C-8 containing landfill materials.

Q Air emissionofC-8 as a migration pathway is not possible because there are no

air emissions at the Letart Landfill. In addition, the Letart Landfill is too far away

from the Washington Works facility to be impacted by C-8 containing air

emissions emanating from the facility.
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@® 0 prYRUN LANDFILL

6.1 Introduction

The Dry Run Landfill is located westof the town of Lubeck, in Wood County,
West Virginia, about eight miles southwestof the Washington Works facility and the
Local Landfill (see Figure 6.0). The landfill covers approximately 17 acresof a 535-acre

parcelofland owned by DuPont. The landfill was constructed within the drainage basin
ofDry Run,atributary of the North ForkofLee Creek, which is a tributaryofthe Ohio
River. The landfill began operation in 1986 and the central portion is still active and
operates under WV/NPDES Permit No. WV 0076244. The upper portion of the landfill
is closed andis covered withasoil and vegetative cover. The lower portionof the
landfill also is closed and is covered by a engineered landfill cap. Consent Order

required tasks to be conducted at or immediately adjacent to the Dry Run Landfill
included the following:

Q Task A: Groundwater Well and Water-Use Surveying and C-8 Sampling—
conduct a distance-phased groundwater well and water-use survey identifying and
sampling all groundwater wells, springs, and cistems within a one-mile (and
possibly two- and three- mile) radial distance of the facility and the Dry Run
Landfill.

D . Q Task B: AssessmentofExisting Groundwater and Surface Water Monitoring

Data—conduct monthly sampling for C-8 will be performed at Dry Run Landfill

at outfalls identified in WV/NPDES Permit No. WV0076244 as Outfalls 001,

003, and 004, C-8 samples were to be taken from all the wells at theDry Run
Landfill monthly for the first four months and quarterly thereafter.

3 Task C: Plume Identification/Groundwater Assessment—determine the vertical

and horizontal extentof C-8 impacted groundwater exceeding 1 ug/l or as directed
by the GIST at Dry Run Landfill

In Sections 6.2 through 6.4, discussions of the specific activities conducted to meet the
requirements of the Consent Order are discussed along with the new data generated

during these activities. In Section 6.5, the revised site conceptual model that better
represents the current environmental setting (geology, hydrology, hydrogeology,
groundwater flow, and water quality) and current human health and ecological exposure
pathways for the conditions at and surrounding the Dry Run Landfill is presented.

6.2 Task A: Groundwater Well and Water-Use Surveying and C-8
Sampling

The groundwater well and water-use survey and sampling within the one-mile radius of
the Dry Run Landfill were completed on February 28, 2002. DuPont submitted the
resultsof the one-mile radius survey to the GIST in April, 2002 (DuPont, 2002a).
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Table 6.0 summarizes the off-site surveying and sampling program for the one-mile.
@ radius. A totalof 64 homes were surveyed, and a total of 53 water sources (wells,

cisterns and springs) were sampled. Thirteen wells, one cistern, and one spring sampled
were used as drinking-water sources. Table 6.1 provides details for each sample
collected including the C-8 concentration measured (ug/l). Figure 6.1 shows the
locationsof all samples collected, regardless of water use. Each colored circle represents
a sampling location, and the color and sizeofthe circle indicate the magnitudeof the C-8
concentration measured. Small blue circles represent samples having C-8 concentrations
less than 0.05 ug/l. Small green circles represent samples having C-8 concentrations
ranging from t0 0.05 to 1.0 ug/l
‘The C-8 concentrations measured in all the Dry Run Landfill one-mile radius samples
were less than 1.0 ug/l. The highest C-8 concentrations measured for unused and non-
drinking-water sources were 0.974 and 0.54 ug/l. Sevenofthe 15 drinking-water
samples were ND or NQ, and the rangeof C-§ concentrations in the other eight drinking-
water samples was between 0.0505 and 0.339 ug/l. Based on the very low C-8
concentrations measured when compared to the human health protective screening
criteria for water (C-8 SL) of 150 ug/l, the GIST determined that no further surveying and
sampling was needed. However, the GIST did require resamplingof the cight drinking-
water sources with measurable concentrationsofC-8. Residentsoffiveofthe eight
drinking-water sources declined to have their water sources resampled. Resampling of
the three drinking-water sources was completed in April 2002. C-8 concentrations
ranged from NQ 10 0.422 ug/l in these samples (DuPont, 2002h).

® In addition, a surface-water sample was taken from the Lee Creek near the Graham
residence, which is located a few miles west-northwest outsideof the Dry Run one-mile:
radius. This sample was taken to evaluate C-§ quality in the Lee Creek before it
dischargesto the Ohio River. The Dry Run creek, which begins af the toeofthe landfill,
discharges surface water to the Lee Creek. The C-8 concentration measured was
0.28 ug/l (DuPont, 2002). At this same residence, a drinking-water well and a spring
used for non-drinking-water purposes also were sampled and analyzed for C-8. The C-8
concentrations measured in these water sources were ND and 0.331 ug), respectively.

6.3 Task B: Assessment of Existing Groundwater and Surface-water
Monitoring Data

6.3.1 Monitoring of C-8 in Groundwater and Surface Water at Dry Run Landfill

Groundwater Monitoring
‘The Consent Order required that all monitoring wells at Dry Run Landfill be sampled for
C-§. Monthly C-8 sampling of groundwater began in December 2001, and quarterly
sampling began in May 2002. Table 6.2 provides a listof the monitoring wells included
in the groundwater monitoring program for Dry Run Landfill. Well construction data and
groundwater elevation data also are provided in this table. At the time monitoring started,
eight monitoring wells were installed at the Dry Run Landfill. Another seven wells were

® installed during 3Q02 as partof the C-8 plume delineation work plan, and these new
wells were included in the monitoring program starting in 4Q02 (DuPont, 2002K).
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Figure 6.2 shows the locationofthe monitoring wells. Table 6.3 presents the C-8
® concentrations measured in these monitoring wel, including C-8 data acquired prior to

the issuing of the Consent Order. The most recent data are listed first for each well. The
‘water-bearing units at Dry Run are named from ground surface to depth as the
Overburden, and the A-Zonc, the B-Zone, and the C-Zone.
‘Wells monitoring the overburden include DRMW-6A, DRMW-12A, DRMW-128,
DRMW-13A, and DRMW-21A. DRMW-13A has shown the highest C-8 concentrations
in overburden, ranging from 0.07 to 15 ug/L. This wel is located at the toeofthe landfill
DRMW-6A has shown a C-§ concentration range of 0.096 to 1.24 ug/l. DRMW-124,
DRMW-12B, and DRMW-21A have had much lower C8 concentrations, ranging from
ND 10 5.4 ugll.
Wells monitoring the A-Zone include DRMW-16B, DRMW-17B, DRMW.-18B,
DRMW-19B, and DRMW-20B. DRWM:-14 is a continuous open hole; therefore,
effectively monitors all water-bearing sandstone and siltstone units above the A-Zone as
well as the A-Zone. Allof these wells are new wells, except DRMW-14, and have only
been sampled one time. C-§ concentrations in these new wells has ranged from ND to
0.155 ug/l. C-8 concentration in DRMW -14 has ranged from <0.1 10 2.5 ug/l.
Wells monitoring the B-Zone include DRMW-12, DRMW-13, and DRMW-15.
DRMW-12 has shown the lowest C-8 concentrations, ranging from <0.1 to 0.16.
DRMW-15 has had higher C-8 concentrations ranging from 0.263 to 5.0 ug/L.
DRMW-13, which is located at the toeof the landfil, has had the highest concentration

od of C-8, ranging from 3.6 t0 20.9 ug!
Only one well monitors the C-Zone, DRMW-21B. This is a new well that hasonly been
sampled once, and the C-§ concentration measured was NQ.
The next groundwater sampling event for the facility is scheduled for the first quarter
2003.
Surface-water and Leachate Monitoring
‘The Consent Order identified three outfals at the Dry Run Landfill (regulated by
'WV/NPDES Permit No. WV0076244) where monthly C-8 sampling was to be:
performed, Outfalls 001, 003, and 004. (Outfall 002 is a required outfall sampling
Tocation as stated in the WV/NPDES permit. However, it was a temporary relocation of
Outfall 001 and no longer exists). Outfall 001 collects stormwater and leachate. Outfals
003 and 004 collect stormwater only. Monthly samplingofthese three outfalls began in
December 2001. In addition, there are five other locations thatare sampled quarterly for
C8. These include Stream Samples-1 (SS-1) and -2 (55-2), Pond Underdrain, Property
Boundary, and DR Leachate. The locationsofthe surface-water and leachate sampling
points arc shown in Figure 6.2. The Property Boundary sample location is located along
the westem property boundary where the Dry Run creck crosses over the property
boundary (see Figure 6.0). Table 6.4 provides the C-8 concentrations measured in the
outfalls and leachate, including C-8 data acquired prior to the issuingof the Consent
Order. The most recent data are listed first for cach outfall
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Outlet 004 is upgradient and flows into SS-1. 5-1, Outlet 001, Outlet 03, and Pod
® Underdrain flow into 55-2, which flows ultimately ito the Property Boundary sampling

point.
Outlet 004 has had no-flow conditions in 10 of 12 sampling events, Inthe two events in
which samples could be taken, the C-§ concentrations were 0.7 and 158 ug/l, making it
dificult o determine arepresentative C-8 concentrationfo this location. SS-1 has
shown the lowest C-§ concentrations, ranging from 0.54 to 1.63 ug/l. The C8
concentrations in Outlet 003 and Property Boundary have been higher, ranging fom 0.68
1039 ug, although, Outlet 003 has had no-low conditions in nine ofth 12 sampling
events. The Outlet 001, 55-2 and Pond Underdrain sampling locations have shown C-§
concentrations ranging from 4.6 0 87 ugl
The DR Leachate sampling point, from which leachate is sampled, has shown the highest
C-§ concentrations in surface water, ranging from 27.4 t0 704 ug/l, The inactive ower
half ofthe landfill is covered by geotextles and geomermbranesofthe leachate collction
system. Leachate at the Dry Run Landfill docs not discharge to surface water. Leachate
is captured by the leachate collection system at Dry Run and is transported to the
Washington Works facility where it strated
Outfall sampling for December 2002 has been completed, and the monitoring report will
beissued to the GIST in February 2003. Outall sampling for January 2003 has been
completed, but the C-8 results have not yet been validated. The next monthly outfall
Sampling event is scheduled for February 2003,

© 64 Task C: Plume IdentiicationiGroundwater Assessment
Based on the data gaps identified in the CompilationofHistorical C-§ Data Report
(DuPont, 20020), the C-8 Plume Identification Groundwater Assessment Work Plan was
developed and submited to the GIST (DuPont, 20026). Included in this work plan were
specific activities recommended to fill th data gap. In th folowing section, cach of
the activities recommended in the C-3 plume delineation work plan i summarized
briefly. Details of the activity status and the data acquired are then presented.

6.41 C8 Monitoring in Groundwater and Surface Water at Dry Run Landfill
Continuing to monitor C-8 in groundwater in the overburden and in the underlying
bedrock aquifer utilizing the newly installed monitoring wells), and in surface water at
existing locations identificd in the Consent Order, was an activity recommended in the
(C8 plume delineation work plan. The results ofcontinued monitoring of groundwater
and surface water are presented in Section 6.3.1, MonitoringofC-8 in groundwater
continues ona quarterly basis, while surface-water monitoringofC-8 is conducted on a
monthly basi. In addition, sampling of Lee Creck, which crosses the site boundary, also
was recommended inthe C-8 plame delineation work plan. This sample was
recommended to evaluate C-§ concentrations further downstream from the landflthan
pre-existing surface-water monitoring point. The Dry Run creck begins a the toe of the

_ andl nd then discharges to Lee Creck, which discharges fo the Ohio River. This
@ sample was collected, and the C-8 results are presented in Section 6.3.1
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® 6.4.2 Surface-water Field Reconnaissance at the Dry Run Landfill
Conducting field reconnaissance to identify additional surface-water features located at
the Dry Run Landfill and sampling surface water from new locations identified during
this effort was a C-8 plume delineation recommended activity. Field reconnaissance was
performed (during drought conditions) and no new surface-waer features were identified
beyond those locations that are currently sampled.

6.43 Installation of New Wells at Dry Run Landfill
Six additional well clusters (overburden and bedrock) were installed as proposed in the
C-§ plume delineation work plan to better characterize the bedrock at the Dry Run
Landfill to further delineate C-8 concentrations in groundwater and to re-evaluate.
groundwater flow direction. During implementationoffield activities, overburden was
minimal or was dry at most locations; therefore, ive bedrock wells and one well cluster
were installed. Figure 6.2 shows the locationsofall monitoring well at the Dry Run
Landfill including the locations of the newly installed monitoring wells. Well
construction diagrams for the new wells, are provided in Appendix D.
The geological logs for the five bedrock wells and the one well cluster installed in 3Q02
confirm previous interpretationsof subsurface conditions at the Dry Run Landfill. Clay,
silty clay, or fll material is underlain by bedrock, consistingofalternating layers of
sandstone and siltstone separated by layers of shale. Further, the new geologic logs also
confirm that the lthologic units are essentially horizontal. New to our geological

® interpretation is the identificationof three individual water-bearing bedrock zones labeled
as A-Zone, B-Zone, and C-Zone. These zones are discussed in detail in Section 6.5.1.

6.4.4 Dry Run Site Conceptual Model Refinement
‘The final recommended activity for the Dry Run Landfill was the integration of all the
new data gathered during completionof Tasks A, B, and C into a revised SCM. This
activity has been completed, and the revised SCM is presented in the following section.

6.5 Revised Site Conceptual Model

The revised SCM ideally should accurately represent the current environmental setting
(geology, hydrology, hydrogeology, groundwater flow, and water quality) and current
human health and ecological exposure pathways for the conditions at and surrounding the
Dry Run Landfill. The following sections present the revised SCM in detail

6.5.1 Current Environmental Setting

Geology
“The locations of four cross-sections developed for the Dry Run Landfill are shown in
Figure 6.3. Two cross-sections, A-A” and B-B’, were presented in the Compilation of
Historical Data Report (DuPont, 2002b). Cross-section A-A" was based on minimal data.

@ ‘This original cross-section has been abandoned, and a new cross-section A-A’, which
includes manyofthe new wells installed in 3Q02, was generated. This new cross-section
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A-A", which runs northwest to south east along the northeast side of the landfill, is@ ris
landfill, has been modified slightly but the basic information in the cross-section remain.
The modified cross-section B-B" is presented in Figure 6.5. In addition, cross-sections
A-C’ and D-B’ (see Figures 6.6 and 6.7), which include the new wells, were developed.
Cross-section A-C runs from the northwest to the southeaston the southwest sideofthe
landiill. Cross-section D-B" runs across the centerofthe landfill crossing from the
northeast 0 the southwest.
“The Dry Run Landsil is situated on 2 heavily dissected plateau consistingof several steep
V-shaped valleys. Residual soil covers most landfill areas. In general, the soi at the site
has been described as residual in nature, consisting primarily of heavy clays derived from
the weatheringofshale.
A geotechnical investigationof the overburden underlying the Dry Run Landfill was
completed by DuPont (1996). The investigation consistedof advancing soil test borings,
test pits, laboratory testing of soil physical properties, stability analyses, and setllement
analyses. DuPont (1996) determined that the natural residual soil underlying the
landfilled materials consistedof fF to very hard silty clay and clayey silt with
occasional rock fragments and a traceof sand. The thickness of this natural soil ranged
from 1210 28 feet in the test borings within the landfilled area. In 1989, a monitoring,
well installation program, performed by Tetra Tech Richardson Inc., indicated similar

siltyclay and weathered shale overburden. Currently, there ar five monitoring wells that
‘monitor the water-bearing overburden (DRMW-6A, DRMW-12A, DRMW-12B,

Oo DRMW-13A, and DRMW-21A) at the Dry Run Landfill (sce Figures 6.4 through 6.6).
‘Completion depths for these wells range from approximately 12 t0 20 feet bgs
‘The underlying bedrock at the Dry Run Landfill consists of inter-bedded red and
varicolored sandy or calcareous shales, and gray, green, and brown sandstones and/or
siltstonesofthe Permian age Dunkard Group. Based on the new geological data, three
separate water-bearing silstones and/or sandstone units have been identified within the
bedrock at Dry Run. These zones are shown on the cross-sections when possible. These
are labeled the A-Zone, the B-Zone, and the C-Zone, with the A-Zone being the
uppermost unit and the C-Zone being the lowest uni bes. The A-Zone is laterally
continuous under most of the landfill area, while the B-Zone is known to be laterally
continuous under the toe of the landfill in the northwest. None of the new wells were
drilled deep enough to encounter the C-Zone. The B-Zone was not observed in
DRMW-14, the well ocated furthest to the southeast. However, no additional sandstone
or siltstone units were encountered under the A-Zone at the projected elevation of the
B-Zone. The C-Zone was only encountered at the furthest northwest location,
DRMW-21B.
Hydrology, Hydrogeology and Groundwater Flow

Hydrology
“The Dry Run Landfill i situated on a heavily dissected plateau consistingof several stecp

@ V-shaped valleys. The Dry Run ereck drains the valley in which the landfill i located.
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Many small tributaries discharge from the nearby valleys into the Dry Run creek before it

e joins up withthe North ForkofLee Creek.
The installationof landfill cap and a leachate collection system at the Dry Run Landfill

encompassing the inactive lower halfofthe landfill was completed by Potesta &
Associates, Inc. in 1999. Leachate from the landfill discharges intoaleachate collection

sump located northwestof the landfill (see Figure 6.2) through perforated pipes buried at
the low edgeofthe fill area. The leachate is pumped from the collection sump to a
50,000-gallon collection tank located at the topofthe hill. Leachate is pumped from the
collection tank to a tanker truck, which is then hauled to the facility for treatment in the

‘wastewater treatment plant.

Six surface-water sampling points are located near the toe of the landfill (see Figure 6.2).
Four of these six points are man-made monitoring points associated with the leachate
collection system and the lower landfill cap. Two points, SS-1 and SS-2, monitor surface
‘water in streams located near the toeofthe landfill. Ultimately, all ofthese surface-water

‘monitoringpoints discharge into Dry Run creek. Dry Run creek ultimately discharges
into Lee Creek. Lee Creek discharges into the Ohio River.

Hydrogeology

Groundwater occurs in the overburden and the underlying bedrock aquifers. A total of 22

‘monitoring wells were installed at the Dry Run Landfill to monitor the overburden and
bedrock aquifers. Currently, five overburden wells and 10 bedrock wells still exist. The

Q . other seven wells were abandoned in 1999 by Potesta & Associates, Inc. as required by
the permit because these wells were not being utilized for quarterly monitoring (Potesta
& Associates, 1999).

Groundwater Flow

In the 4Q02 Surface Water and Groundwater report (DuPont, 2002k), revised
groundwater elevation maps for 2Q02, 3Q02 and 4Q02 were generated. These maps did
not include data from the new wells because the site conceptual model had not yet been

revised. Using the new geological interpretationof three distinct water-bearing zones
and using groundwater elevation data from the new wells, new groundwater elevation
contour maps were constructed for the A-Zone and the B-Zone using 4Q02 data. These
maps are presented in Figures 6.8 and 6.9. The groundwater elevation map for the
A-Zone (see Figure 6.8) shows that overall the direction of groundwater flow is toward
the west. DRMW-14 was not used in the construction ofthis map because it is an open
‘hole well and water levels measured in this well may be influenced by shallow water

‘bearing zones that are higher in elevation than the A-Zone. Figure 6.9 shows the.
direction of groundwater flow in the B-Zone. The groundwater contour lines on this map
are dashed because there are very limited data for the zone. However, groundwater flow
direction in this zone also is generally toward the west. Groundwater flow directions in
the underlying the C-Zone cannot be determined because there sonly one well inthe
zone. However, a downward vertical gradient is indicated from the A-Zone to the

@® B-Zone and to the C-Zone based on groundwater elevations observed in the three zones.
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® Water Quality

Groundwater Quality
Groundwater quality data for the Dry Run Landfill were presented in detail in Section
63.1. Fifteen wells monitor the overburden and the three underlying water-bearing zones
(A-Zone, B-Zone, and C-Zone) a the Dry Run Landfill. Thehighest concentrations of
C8 measured in the overburden and underlying zones are found in the wells that are the
closest 0 the toe of the landfill. The highest C-8 concentration measured in groundwater
a the Dry Run Landfill is 20.9 ug/l, significantly lower that the CATT-cstablished C-8
SL of 150 ug/l. The highest concentrationofC-8 in groundwater used as drinking-water
source by residences located within a one-mile radius of the landfill was 0.422 ug/l. The
highest concentrationsofC-8 in groundwater used as non-drinking-water and unused
sources by residences located within aone-mile radiusofthe landfill was 0.54 and
0.974 ug, respectively. These values are also significantly lower that the C-8 SL of
150 ug/l

Surface-water and Leachate Quality
Surface-water and leachate quality was discussed in detail in Section 6.3.1. Surface-
water and leachate sampling points have been monitored at the Dry Run Landfill. The
leachate samples have shown the highest C-§ concentrations with a maximum
concentration of 704 ug/l. It is expected that leachate from the landfill would have the
highest concentrationof C-8 because the source for the C-8 i likely the landfilled

SQ ‘materials. Leachate at the Dry Run Landfil does not discharge to surface water. It is
collected at the landfill and is treated at the facility. Six ofthe surface-water sampling
points are located in the vicinityofthe toeof the landfill, and four of these are associated
with the landfill cap. The four sampling points associated with the landfill cap flow into
the other two sampling points located on streams that discharge stormsvater from the arca.
‘The maximum concentration measured for these six sampling points has been 87 ug/l.
‘The other sampling point is located at the western property boundary. The highest
concentration of C-8 observed at this location has been 39 ug/l although, sevenofthe 11
samples collected from this point have had C-8 concentration less than 10 ug/l. With the
exceptionofthe leachate samples, the C-8 concenration ofall surface-water samples
have been less than the CATT-established C-8 SLof 150 ug/l. Further, these
concentrations are significantly less than the Aquatic Life Advisory Concentration for
C8 (C-8 ALAC) of 1,360 ug/L

6.5.2 Current Human Health and Ecological Exposure Pathways
“The main objective of the Consent Order was to determine whether there has been an
impact on human health and the environment as a resultofreleases of C-8 to the
environment from DuPont operations at the Washington Works facility and the
associated landills (Local, Letart, and Dry Run). To meet this objective, human health
and ecological exposure pathways both on-site (a the Dry Run Landfil) and off-site
(adjacent to the Dry Run Landill property) must be evaluated. The human health and

S ecological exposure pathway sections below describe the potential exposure routes for
human and ecological receptors on- and offsite. Potential exposure routes were
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evaluated and classified as complete or incomplete. Table 6.5 summarizes the human
® health and ecological exposure pathway evaluation for the Dry Run Landfill. To be

conservative, for each complete exposure pathway, the maximum C-8 concentration
‘measured in the C-8 impacted media is compared to the C-8 SL, regardless of media
type.
On-Site Human Health and Ecological Exposure Pathways Current
Environmental Setting
‘The on-site current human health and ecological exposure pathways section describes the
potential exposure routes for human and ecological receptors that are found at the Dry
Run Landfill. On-site human receptors include authorized facility workers and facility
visitors. Ecological receplors include animals living within the landfill boundaries.
Potential exposure routes were evaluated and classified as complete or incomplete
Access to the Dry Run Landfill by is controlled by electronic gates on the major roads
and locked gates on smaller roads. In addition, because the landfil is active, there is a
crewofworkers in the central portionofthe landSill area during normal working hours.
‘The institutional controls and the daily activity discourages trespassers on the site. Direct
contact with landfill materials or soils impacted by the materials in the inactive, lower

halfofthe landfill i incomplete due to the leachate collection system's geotextile and
‘geomembrane cover. However, direct contact with landfilled materials or soils impacted
by the materials at the active, upperhalfofthe landfill is a complete pathway and is
limited to the workers in active portionsof the landfill

@ . Precipitation falling in the upperhalfof the landfill may infiltrate the soil and vegetative
cover and contact the landfilled materials as it migrates downward. However, this
impacted surface water flowing within the landfill wil be collected by the leachate
collection system. Contact with leachate captured at the landfill is an incomplete
pathway.
If this impacted surface water migrates downward through the landfilled materials, it may
eventually contact the underlying shales and sandstoneofthe bedrock and migrate
downward as groundwater into the bedrock aquifer. Contact with groundwater is
considered to be an incomplete exposure route. The water-bearing zones that arc
‘monitored at the landfill are located at several hundredsoffeet bgs at the upper end of the
landfill. In the lower endofthe landfill, the A-Zone is exposed al the surface. However,
10 seeps were observed in the arcas where this zone is exposed. In addition, in the lower
endof the landfill, the depth to groundwater in the overburden is 5 to 8 feet bgs;
therefore, contact with this groundwater as an exposure pathway is also incomplete.
Contact with C-8 impacted surface water near the toeofthe landfill is considered a
complete exposure pathway. However, this exposure pathway is limited because site
workers follow health and safety procedures (i.c., personal protective equipment) when
managing surface water at the site. The C-8 concentration measured in surface water in
this area has ranged from 0.54 to 87 ug/l, less than the C-8 SL established by the CATT
and significantly less that the C-8 ALAC of 1,360 ug/l. Contact with C-8 impacted
surface water at the property boundary is also a complete exposure pathway for human

@ and ecological receptors. C-8 concentrations at this location have ranged from 0.88 to
39 ug, which are below the C-8 SL andaresignificantly lower than the C-8 ALAC. In
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addition, C-8 concentrations measured in the seven of the 11 samples from this location
® were less than 10 ug/l. Therefore, although this exposure pathway is complet, it is

limited due to the low C-8 concentrations measured.
Offsite Human Health and Ecological Exposure Pathways
Offsite human receptors include residents using the water sources sampled during the
‘groundwater well and water-use survey. Ecological receptors include livestock using the
water sources sampled during the groundwater well and water-use survey.

West Virginia One-Mile Radius Groundwater and Surface Water
Direct exposure to C-8 impacted surface water and groundwater is considered to be an
incomplete pathway in situations where the water source is not used. The pathway is
considered to be 2 complete pathway when the water source is used but not for drinking-
water purposes although the exposure is considered to be minimal because the water is
not ingesied. The highest C-8 concentration in a non-drinking-water sample was
0.54 ug/l, well below the C-8 SL of 150 ug/l (WVDEP, 2002). The pathway is
considered to be completeifthe well is used for drinking water. The highest C-§
concentration measured in drinking water was 0.422 ug/l, significantly lower than the
CATT-cstablished C-8 SL of 150 ug/l. Therefore, the paihway is complete, and exposure
is considered to be limited due to the low C-8 concentrations measured.
Outside of the one-mile radius, a surface-water sample was taken rom the Lee Creek
neara private residence. The C-8 concentration measured in the Lee Creek was 0.28 ug/l

® (DuPont, 2002g). At this same residence, a drinking-water well and a spring used for
non-drinking-water purposes also were sampled and analyzed for C-8. The C-8
concentrations measured in these water sources wereND and 0.331 ug/l, respectively.
The exposure pathwaysfor these water sources are complete. However, all theeof these.
concentrations measured are significantly lower than the C-8 SL.

6.6 Dry Run Landfill Summary
Many different activites have been conducted at and around the Dry Run Landfill in
order to determine whether there has ben an impact on human health and the
environment as a result ofreleasesofC-8 to the environmen from the landfill. The C-§
concentration in groundwater and surface water from many sources (on-site, off-site,
‘monitoring wells, production well, private wells, springs, and cistens) was measured.
Based on allof the data evaluated for the Dry Run Landfill, the following observation
were made:

2 The current exposure pathways are incomplete for human and ecological
receptors contact with on-site leachate and groundwater.

Q Human and ecological receptor contact with C-8 impacted landfill materials, soils,
and surfuce water are curently complete exposure pathways. However, these
pathways are considered fo be minimal because of institutional controlson the
property, personal protective equipment wom, and health and safety procedures

@ that are in place and followed when working with or around the active landfill and
when managing the leachate collected atthe Dry Run Landfill and surface water
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9 Contact with surface water exiting the site that has been impacted by C-8 is also
& currently a complete exposure pathway for human and ecological receptors. The

highest C-8 concentration measured in surface water exiting the site was 39 ug/l,
which is lower than the CATT-established C-§ SL of 150 ug/l and lower than the
C-8 ALAC of 1,360 ug/l (Menzie-Cura & Associates, 2002). C-8 concentrations
measured in sevenof the samples taken at the property boundary were less than
10 ug/l, indicating that while this exposure pathway is complete, exposure is
limited becauseofthe low concentrations of C-8 detected.

Q Current off-site exposure pathways for human and ecological receptors that are
‘complete but limited, due to the very low C-8 concentration measured, include:
residential drinking and non-drinking-water sources. For the drinking and non-
drinking-water sources, the highest C-8 concentration measured were 0.422 and
0.54 ug/l respectively, which are well below the C-8 SL of 150 ug/l and the C-8.
ALAC of 1,360 ug/l (WV DEP, 2002; Menzie-Cura & Associates, 2002).

Q Evaluationof the C-8 results measured at the Dry Run Landfill, of the
‘groundwater flow direction at the landfill, andofthe one-mile radius C-8 results
shows that C-8 impacted groundwater is not migrating off-site.

Q The on-site C-§ results for groundwater and surface-water support water transport
as the migration pathway for C-§ from C-8 containing landfilled materials to
surface water and groundwater. However, the Dry Run Landfill is located within
eight miles southwestofthe facility. Therefore, air transportof C-8 by air

oO emissions from the facility cannot completely be ruled out, and may be the source
of C-8 for the very low concentrations measured within the Dry Run one-mile
sampling area.
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Table 3.0
[] Summary of Off-site Sampling Program (C-8 Sampling)

DuPont Washington Works Facility and Local Landfill
Washington, WV

| RESIDENTIAL SAMPLING FOR{-MILERADIUS&+7)i |

Number of homes contacted of ar |
Number of homes surveyed |269|
Number of wells identified ®| __51__|| Nnber fuels sampod4

Numba et sample rt are use for ain ste] 0 |

2 Number of cisterns sampled EE
o

Numberofcisterns sampled that are used for drinking wae] 0 |
© « Numberof springs identified
he 2 @£ Numberofspringssampled | 4

&
Numberof springs sampled that are used for drinking water| 1

| Total number of collected samples used for drinking water]|]
Note: Feld duplicates not considered in sample court,

"During tis investigation, homeownersiesidents identified within the sampling radius werecontacted to determine residential wer usage. Up to two contacts were atlemptod aleach residence. Afr the second contact atlempl, a voluntary survey was lofta theresidence. Because not al homeovwnersiresidences responded to he survey, the numberof residences surveyed i less than the numberofhomes contacted.
2Some water sources (e.g. wells, cisterns, springs) identified during the survey were notsampled. In many cases. sampling of these water sources was refused by thehomeounersiresidents. In other cases, the water sources were elher nt accessible ordamaged. As a consequence, the number of water sources sampled was less than the.® number of water sources identified.
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Table 3.1
Summary of C-8 Analytical Results In Groundwater and Surface Water(ugh)

® Washington Works Facility and Local Landfill
(Off-site Wells, Springs, and Cisterns - One Mile Radius)

‘Washington, WV

[———OSWILCOXAltmz002]1.72 DunkingWate vier

|OSBLANKENSHIPR 21/2002] 0715] Unused | Well|OSBURCHARDAI 1/9/2002] 0416] Unused Well
[__OSCANMI_ir72008]263 Unused| vierl[_OSCAYIONWI252002] 363 Unused | will[OSCOCHRANG] 17252002 131 Unused | ell[OSCORBITTGI 1202002] 0as| Unused | well[OSCOWANIW| 3272002] 143] Unused | WellO [OSCREEWKIT iz7o002l 27] Unused | Well[osCREE iro7i2002]—7arl Unused wail|OSDAVISI i/o2002] 36] Unused |__Well|OSEARINET thor2002] G60 Mise. | wer
[___OSFURBEECT252002] 5.07 Water Cale | wwe|OSHENDRICRSAI 1262002] 172 Unused | Well[—OSTAKEWASHOTi/iar2002]0347] Unused | Well[OSLAREWASHC21/15/2002] 0867] Misc. | viel[—_OSLAWSONDH]vior2002] 0.56] Unused | ier[OSMILLERJ iiaz002] 39a Unused | viel]

|OSRICHARDSV] 2/7001 237 Mise. | Well[OSRIDLEDI 2712002] 52a] Unused | Well[OSWAYBRIGHTO 1/15/2002 0252 Unused| Well|[——_OSWHITAKERK|1/10/2002] 23] Unused | WellI

|OSSHOCKEYGI 1272002] 1.30] Unused|Spring]
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Table 3.1
‘Summary of C-8 Analytical Results In Groundwater and Surface Water (ug/l)& Washington Works Facility and Local Landfill

(Off-site Wells, Springs, and Cisterns - One MileRadius)
Washington, WV

eee =Iosmamer]eres——cwen)oSCowSoTarwanor156 tis Cem
oaaanose [iter11 mn =

J ———aintatsmeeon ctonperrentrWe etaesowes ramon,oaRuptionrob or wasonneiclcsPtresdroerte ——
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® Table 3.2
Summary of Off-site Sampling Program (C-8 Sampling)

Washington Works Facility and Local Landfill Two-mile Radius
DuPont Washington Works

CT NTRRESIDENTIAL SAMPLING FOR THE 2:MILE RADIUS&i +7 |
1

Numberof homes contacted ‘”
Number of homes surveyed "| __109|
Number of wells identified ?] 08 |

Numberofwells in sampled ®|__52__|

| —
2 Number of cisterns identified o |

| : Number of cisterns sampied®| 5 |z
| Number of cisterns sampled that are used for drinking wae] 0|

d Number o springs dented ®]__7_|

Humber of sprigs sami vt as uss or nrg a.
Toil numberof sampled]5 |

|HE—
Note: ied duplicates not considered in sample count
© During his investigation, homeownersiesicents dented wii the sampling radius

were contaced to determine residential water usage. Up to twocontacts wereatompted at each residence. After he second contact aermpt, 3voluntary survey
was lofta th residence. Because not all homeownersiresidonces fo ho survey,
the number of residences surveyed is les than the numbar of homes coniaclod
Some waler sources (e.9 wells, cisterns, sping) Kenifed during the suey were
not sampled. In many cases, samping of these water sources was reused by theHomeownersiesident. In other cases, te wator sources were aiher not

@ accessibleor damaged. As a consequence, the numberofwater sources sampled
was less than the number of water sources dented.
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Table 3.3
‘Summary of C-8 Analytical Results in Groundwater and Surface Water(Offsite Wells, Springs, and Cisterns)

® Washington Works Facility and Local Landfill Two-mile Radius
Washington, WV

FewTw serostEmaci] ras owt Dnrwae[OS-STEPHENSOS| 142002] 0625] DrinkingWater] wal]
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Table 3.3

Summary of C-8 Analytical Results in Groundwater and Surface Water
(Off-site Wells, Springs, and Cisterns)

® Washington Works Facility and Local Landfill Two-mile Radius

Washington, WV

[oesSwemol ome Ged vial[—OSvAUGHNDE|502002] ND 0010) Unused wel[———GSwimcaeIti Some neem[osswimHK sote0ol 0092] Unused] wall[oswimiHw] emeonsl tol Unused] wall[osmonARDSC|eos ts2l Unused well

[oSAITTENHOUSETari62002]0806] Novarnking aio Seu[osARTHURRS|apozocel— 23l Unused Spring[OSWALTERSMA|3222000] 135] Nordin Water] Gistom)[ OSWIUSILI anapotsl 0:72] NondrnkingWater] Gistor][OsweRTZTLI apsB00el 1.67] NondwiingWer] Gist[oselemelwie] Oar Unused Gist[—————os-convmmi|smemoal227 Unuses| ister]osenovMwz wewmooel tel Unused ister[osPUGHAl sien NOG0050 [Unused]Glen)

© Dingetergain boise) caeaman cosurpin. HannWater uses include Ivestock watering, gardening and any oirnonhuman
consumption water uses.
ND = Not Detected ato above the miof detection (LOD). The sted LOD.is approximate and variesbyinstrument and over time
NQ = Not Guaniifao. Detected at a concentration above the LOD and below thefmt of quantification (LOG).
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@ Table 3.4
Summaryof Off-site Sampling Program (C-8 Sampling)

Ohio One-mile Radius Residential Sampling
DuPont Washington Works

[ RESIDENTIAL SAMPLING FOR OHIO 1-MILE RADIUS“ - |

Humbert ores contoa "|__|
l Numberof homes surveyed | __150|

Number of wells identified? 78 |
Number of wels sampled

—
2 Number of cisterns identified ®| |

£| Number of cisterns sampled that are usedfordrinking water
- S® I—

Number of springs identified EI

Numberof springs sampled ®|__15_|
Number of springs sampled that are used for drinking water

HI
To umber of sampled]6]

Total number of collected samples used for drinking water

Note: Field duplicates not considered in sample count.

9During hs investigation, homeownersiresidents identiied within the sampling radius
were contacted to delermine residential water usage. Up lo twocontacts were
attempted at ach residence. Afer he second contact attempl, avoluntary survey
was eft at the residence. Because not all homeownersiresidences {© the survey.
the number of residences surveyed i less than the number of homes contaced

EE) ® Some water sources (e.g. wells ister, springs) denied during he survey were,
3 not sampled. In many cases, sampling of these water sources was refused by the

homeownersiresidents. In her cases, the watersources wero either not
accessible or damaged. As a consequence, the number of water sources samplec
was less than the numberof water sources identified. 000093
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Table 3.5

Summary of C-8 Analytical Results in Groundwater and Surface Water

® Ohio One-mile Radius Residential Sampling

 OswARCUMLL _ soz002] WD(:0010  DimingWatel Wel
IOSKANTZKP|__spi0ol 0300 DinkingWate| Wl

SHANTI (Gu) 2/2000 0.986 DiningWater] Wl
IOsAUNERN[ sional Goi DinkngWate] Wel
IosnvaNse io oosz  DinkingWate| Wel

osSwaNPH _saieooal 0200 DiningWate| Wl
[—oswicoxenwr|—seie00s]  WO(0050 DiningWater] Wl
[——oscornsalwapeonsl0226 DindngWatel Wal
IoseARLEVRspp0oal025 DunaWater] Wel
IosPmcER spool 080 DungWater] Wel
IOSTORNGECKLY__ a/2000 0.207 DiningWater] Wel

os(FoLemNEK| #172000 _Wo(z0010 DiningWater] Wel
 OSMATHENVAL _wiz0ol 00805 DiningWater Wel
OSWATHENVIL[_#ig0oal 0.95 DingWate Wel

[——— ostoovee] mmol 64 DingWale] viel
[——osPansoNSCHmao 8.5 DiningWater] viel
[——oscenseRoAlwool 0.102 DinaWater] Well
[———osGvensll—sezeoosl0416 DiningWate] Wel

[osSwmHPwil—apoboosl 1.55 WondinkingWater] Well
Er7—
IOShvANSPIAl_api00al 0276 Nondiinking Water] Well
ey [__osARMORBS|pots] 0:75 NondinkingWater] Wl
© [Steerseamesvae wl
[—OSPiERCELAl#52002] 8.6 NondinkingWater] Well
[—OSSHEPPARDRO]#7172002] ND(<0010]  Non-dinkingWater] Well
[—— osrucHssl| spobooal 0955 NondinkingWater] Will
———ossoqestslwweotel21 Unused] Wall
[—osierebvnesAl witeooel 120 Unused Wiel
—OSRPPETOK| #ioe0o0el 445 Unused] Wiel
[—OSWATSONWPI[@geooel 172 Unused] Wiel

[OSPARSONSDOH]—4Rg0oel 200 Unused] will
[—— oscolNshLZl— Sie0oel Gor Unused wil
IOsDAUGHERTYD[ soos] 160 Unused well
— oswoGeETl sel ooret Unused wil

 oswAvEw smeool tar Unused well
oswioLANDS]_saponel Tis Uses] Well
IoswMeD] soe a3 Used] Well
IoocHemERr|  sopooel 0fet Used Wall
IoScummEVIMISie00lWOOT Unused Will

osFransioon]__see0oal 167 Unused will
 oswiimMsGl See0ol os Unused well
osSTAMPA SEE ee Unused Vial

 osStapReslwrsmodl6a Unused viel
| osstaiPRsl smsaotel 111 Unusesl_____Well
(__oswathenve]_smseoel ose Unused Wall

B
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Table 3.5
‘Summary of C-8 Analytical Results in Groundwater and Surface Water

& Ohio One-mile Radius Residential Sampling

[GoTroMPSONAM] sveRoel 42 Unuseal Well OsAMBAUGHN  smwsoosl 162 Unused wll osvares| sass 520 Unused Viel[oshema omwes See

[OSRAUGHSPGI| arri/200el 5.56 Non-ankingWater] Spring

[OSRAUGHSRG] arri/a008] 457 Non-inking Water] Spring[OSRAUCHSPGS| ari1/2008] 5.76 Non-ornkingWater] Spring|OSWATSONWPz| arra00el 1.1 NowdrungWate Spine|OSWATSONWPS ariar00el 236 NondrningWater] Spring

[— oscsTosi| wal 51 NondinknaViete Spung][—_OscisToBtelgmmisl 43 NondinkngWatel Spring

[oSSTEPHAWLIwmeo0el 5.41 NondiingWater isin][_OSTARLEVED| wiszose 1.26 ondimingWate Gian]-
OD = stomsmogoon cs][—OSBARICKMANGH] oirzo0al 6.740 RowdiilingWater] Ciston]

* Drinking Water (ighighie in bold blu) indicates human consumpiion. Non-dinkingWaler uses include Iestock watering, Gardening and any oer non humanconsumption water uses.
IND = Not Detectedat orabove thelimitofdetection (LOD). The listed LODis approximate and variesby nirument and over mo.NQ = Not Quaniifabl. Detected at concaniration above the LOD and below the
limit of quantification (LOQ).
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® Table 3.6
Summary of Off-site Sampling Program (C-8 Sampling)

Ohio Two-mile Radius Residential Sampling
DuPont Washington Works

RESIDENTIAL SAMPLING FOR OHIO 2-MiLE RADIUS+ 1”

Number of homes contacted "1131
l Number of homes surveyed |733|

Numberofwells identified ®|__123|
Number of wells in survey sampled | __58 |

{2 Number of cisterns identified of, |

z Number of ciserms samples]_3|g
—

a Number ofspringsidentified EI

Number of springs sampled] 1__|

Tote numberof samples]62_|
1
Le Total number of collected samplesused for drinking water]

Note: Feld duplicates not considered in sample court.

During this investigation, homeownersiresidents identified wilhin the sampling radius
were sontacted to determine residential water usage. Up to two conlacis were
attempted at each residence. After the second contact altempl, voluntary survey
was loft at the residence. Because not ll homeownersiresidences (o the survey,
he number of residences surveyed is less than the number of homes contacted.

© Somewatersources (e.g. wel, cisterns, springs) identiied during the survey were
not sampled. In many cases, sampiing of these water sources was refused by the
homeownersirasidents. In ohercases, the waler Sources were either not

® accessible or damaged. Asa consequence, the numberofwater sources sampled
was less than the number ofwater sources identified.
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Table 3.7

® Summary of C-8 Analytical Results Zones A, B and C

Ohio Two-Mile Radius C-8 Residential Sampling

A[OSAnwomCAl7720020050]rnkngWater] viel[OSBeonWWI 7772008 1.710] Drinking Water] Viel[OSPommgAEl 6202000 1.150] DrinkingWater] Viel

[OSHamanGC] 5252008 0.644] Drinking Water] Well[OSHocombB|7/25/2000] NG(<0.05)] Drinking Water] well| [—OsnonsClori0200a]2.590 Drinking Water] Well
| [OSMctaughinll7232002 0.064] DnnkingWater] Wet

[—_OSBosorEl7252008 0200] DrinkingWater] Vl[—OSBuchananaF|7725720028 0.755| Drinking Water] ell[—OSFiemingWvl @z2002 NO(<0.05)] Drinking Wate] Vil[—— oSGmARl 7305008 0.501] DrikingWate] ell[OSHisderEM|_wr17/2002]4.150]Nor rirking Water] Well[OSWeKownFL| 72472008 0.973]Non-rirking Water] Vell
[—_OSermariL|9/23/2000] 0.943] Drirking Water] Well
[OSSmiww|oripp00e] 30%] Unused] Well[oSSordenblori0r2008]0.288] Drinking Water] ell
[_O5-ThomasJB]wrrara002]6.380]Non-drinkingWater] vil[GSWelohuD|orr0r2002]6850]Non-dinkingWater] Vie][oswemel oro 7290] Unused] viel[oSwilamen|omo002]6.680] Unused] vial

[OSSemaAl 2000502Non-dnnking Viaier] ister
[OSTunczoM| 9752002] 0.974]Non-drinkingWater] Gio

[OSCestoHEl rer2002] 0.082] DrinkingWater] vie
| [OSDavieJl1/2002] ND(<0.01)] DrinkingWater] vie| [—___OSestertvlnar20020812] DiningWater] Vie[OSHignell] &/1572002] ND(0.01) DrinkingWater] Viel_ [05JacobedK| 16/2002] ND(0,01) DrinkingWater] Wer@ [OSKausCAl 8722/2008 ND(<0.01)] DrinkingWater] vier© [_OSwempN|ori12008] 0.001] inking Water] Weil|OSKeiesond|_oT1v2002 0092] DrinkingWater] Well
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Table 3.7
® Summary of C-8 Analytical Results Zones A, B and C

‘Ohio Two-Mile Radius C-8 Residential Sampling

OSKingCD| 0/16/2002] ND(<0.0n| DiningWater] weil
[OSKaWE[  etarao02] ND(<001) DrinkingWater] Viel

16/2002] ND(<0.01)] DrinkingWater] Wel
OSMootyDN #2072002ND(<0.01)] Drinking Water] Weel| GS ShivelyJH{__0222000__NG(<005) DrinkingVite]

||OS-SpadeD| 8/16/2002] ND (0.01) DrinkingWater]Well
0SSi. Cla] 25/2002] NG (<0.05)] DrinkingWater] Viel[OSStimportFE] 2172008 ND (<0.01] Drinking Water] Wel|[ OSTomWi|  ooeoosl 5610] DringWater] Wel

[——OS-Tamspot]w/ter002] NO 0.01] Drinking Water]Wel
[— OowabD —omseotsl —o.120] Drinking Water] Wel
[OSWheatonoAl s2472002 NG (0.05) DrinkingWater] Viel

* Drinking Water (ighighted in bold be) indicates human consumption. Nondinking
Waler uses include Ivestock watering, gardening and any oer non human
consumplon waler uses.

@ NDZ Detain to above the mitof detection (LOD). The lised LOD
is approximate and variesby instrument and over time.
NG = Not Guaniiabe. Detected at a concentration above the LOD and below the
limit of quantification (LOQ).
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Table 3.9

‘Summary of Analytical Results:

[.] C-8in Groundwater
DuPont Washington Works Facility

Washington, WV
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Table 3.9
‘Summary of Analytical Results:

® C8 in Groundwater
DuPont Washington Works Facility

Washington, WV
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Table 3.9

‘SummaryofAnalytical Results:

C-8inGroundwater
@ DuPont Washington Works Facility

Washington, WV
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Table 3.9

Summary of Analytical Results:
® C-8 in Groundwater

DuPont Washington Works Facility

Washington, WV
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Table 3.10
‘Summary of Analytical Results: C-8 in Surface Water

® DuPont Washington Works Facility
Washington, WV
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Table 3.10
SummaryofAnalytical Results: C-8 in Surface Water

® DuPont Washington Works Facility
Washington,WV
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Table 3.10
‘Summary of Analytical Results: C-8 in Surface Water

® DuPont Washington Works Facility
Washington, WV
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® Table 3.12
Outfall 005 C-8 concentration (ug/l)

DuPont Washington Works

[___SampleidTT Date Jceugn][OUTFALL005 | 72412002]
[OUTFALL 005 | 672572002]
[OUTFALL 005 | o/2672002]
[OUTFALL 005|6/27/200279.3]

|WWK-Z-[OUTFALL005 | 7/1/2002] 136]
[OUTFALL 005

[wwe[ouTFALL00s | 771172002] 7390][OUTFALL 005 | 771272002] 125]
[OUTFALL 005 | Torior2002] Tato]
[OUTFALL 005 |071772002]18.0]
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Table 3.13
‘Summaryof C-8 in Groundwater

Public Water Supplies, West Virginia and Ohio® Dupont Washington Works Facillty, Washington WY
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Table 3.13
Summary of C-8 In Groundwater

Public Water Supplies, West Virginia and Ohio® Dupont Washington Works Facility, Washington WV
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Table 3.43
Summary of C-8 in Groundwater

Public Water Supplies, West Virginia and Ohio
a Dupont Washington Works Facility, Washington WV
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Table 3.13
Summary of C-8 in Groundwater

Public Water Supplies, West Virginia and Ohio
® Dupont Washington Works Facility, Washington WV
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Table 3.13
Summaryof C-8 in Groundwater

Public Water Supplies, West Virginia and Ohio
® Dupont Washington Works Facility, Washington WV
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Table 3.14
Synoptic Groundwater Elevations February 2002 and Well Screen Locations

@ DuPont Washington Works Facility Washington, West Virginia
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Table 4.1
‘Summary of Analytical Results:

@ C-8 in Groundwater
Local Landfill

Washington, WV
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Table 4.1

Summaryof Analytical Results:

@ C-8 in Groundwater
Local Landfill

Washington,WV.

Same 7S— ple — | Dae |— cCaugn |

f Two Tonos |oss|
| emeoz| ossr |

[momo| os |
i 3/28/2002 0.698

|
zoe|over|
[ieiszor| oss |
[emoisse016 |sears |om]

I TWW-125 Toe

2S I I
I TLW136 Tomas| eel |

tows | omeore |ome]

@ Fos

4 stmt viv ow ron cnti
Or tO at ar a rhflocs 00)
MG ok unfath Cntacis3connie shove LOD andokeof nian
oaNoe Aratclmahhand2 f vamos 201 snScton20fordeals)

292003 2012 Tab 4.1 Consent Order Taf xis
000122



Table 4.2
Summary of Analytical Results:

[ C-8 in Surface Water

Local Landfill

‘Washington, WV

OUTFALL004(New)| 71/30/2002| No-flowconditions |
[1031720021 No-flowconditions |

{ [9730/2002| No-flowconditions |
[8/26/2002| No-flowconditions ||mmo wp)
[eapoo920 |

[apopooTT "a5 |I [opemoe| tas |
OUTFALL 004 (Od) [11730720021No-fiow conditions |[105172062| Ro-fowconations |

[nmooe"Tis |
[emseoeeT— d0—[spiE0oe|TioToweondiions |
[amomoeTT 35[omeroe| isi]

[2pOROC T1080 |
O [papoose| tia |

{ [eereocoTT 475 |
[Teronees77 |l [emisso |

[eprisss[72
[semis5
ams 5]
[zoos11

"OUTFALL 005 (New)

[7/1/2002Miolowconditions |
|

[amore"maz |
— _ [_omeRoe| 16 |

@
e000 Tor Tab 4.2 Consent Order TAFxis

060123



Table 4.2

Summary of Analytical Results:
® C-8 in Surface Water

Local Landfill

‘Washington, WV
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® Table 5.0
Summary of Off-site Sampling Program (C-8 Sampling)

Letart Landfill
Letart, WV

RESIDENTIAL SAMPLING FOR 1-MILE RADIUS ~~ “7/7!

Number of homes contactedoe|
Number of homes surveyed | ___46 |
Number of wells identified ®] 42 |
Number of wells sampled ®]30|

—
Number of cisterns identified of 4|

| Humber of storms sampled? 0 |
® I—

w Number of springs identified ©|o |8
£ Number of springs sampledlo |& i

Number of springs sampled that are used for drinking water,

“Total rum of sarge
| & | _Total number of collected sampl drinking

Note: Field duplicates not considered in sample count.

During his investigation, homeownersiresidents identified within the sampling radius
were contacted to determine residential water usage. Up to two contacts were
attempted at ach rasidence. Afer the second contact alam, avoluntary survey
was eft at the residence. Because not all homeownersiresidonces fo he survey,
the number of residences surveyed is less than the number of homes contacted.

©Some water sources (2.0. wells, cisterns, springs) identified during the survey were,
not sampled. In many cases, sampiing of these water sources was refused by the.
homeownersiresidents. In other cases, the water sources wero either not© CII II
was less than the number of water sources identified.
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Table 5.3
‘Summary of Analytical Results: C-8 In Groundwater

Lotart Landi
® Lotart, WV.
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Table 53
‘SummaryofAnalytical Results: C= in Groundwater

Lotart Landi
® Lotart, WV
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Table 5.3
Summary ofAnalytical Results: C-8 In Groundwater

Lotart Landi
® Letart, WV
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Table 5.3
‘SummaryofAnalytical Results: C-8 in Groundwater

Lotart Landfil
® Lotart, WV
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Table 5.4
& ‘Summary of Analytical Results:

C-8 in Surface Water

Letart Landfill

Letart, WW
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Table 5.4
® ‘Summary of Analytical Results:

C-8in Surface Water
Letart Landfill

Letart, WV
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@® Table 6.0
Summary of Off-site Sampling Program (C-8 Sampling)

Dry Run Landfill
Lubeck, WV

ErrEEE eT
l * RESIDENTIAL SAMPLING FOR 1-MILE RADIUS ("0

| Number of homes contacted

Number of homes surveyed | 64 |
Number of wells identified ?]___41___|
Number of wells sampled @| 37__|

2 Number of cisterns identified| |

5 Number of toms sampled ®]___8 |z

[ Number of springs cenutes®] 0 |
8

a
Number of springs sampled that are used for drinking water|

Tota numberorsamples]53 |

Note: Field duplicates not considered in sample count

During this investigation, homeawnersiesidents identified within the sampiing radius
were contacted to determine residential water usage. Up fotwo contacts were
attempted at each residence. Afer the second contact altempl, @ voluntary survey
was left at he rasidance. Because not all omeownersiresidences [0 the survey,
the number of residences surveyed i less than the number of homes contacted.

©Some water sources (e.g. wells, cisterns, springs) identified during the survey were
not sampled. In many cases, sampling of hese water sourceswas refused by the
homeownersiresidents. In other cases, the water sources were either not

was loss than the number of water sources identified.
000137
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TABLE 6.1

Summary of C-8 Analytical Results In Groundwater and Surface Water (ug/l)
® Dry Run Landfill (Off-site Wells, Springs, and Cisterns - One Mile Radius)

Lubeck, WV

samo] waco] Goeod Duwmgviee| wad
 ocssors] waol os owwviee | wed
ossssors| wed ozs owner| wad ovaesocol raweoo] ooo] owwmgvise | wad[ossmumsonalwal ovis] owimgua | welreI— rT——

———csamaisoulwizam|onon]owas|
[ossmem| iors] ome] ovwmgwas | vied

[———osrommerelvaraoolwoocso] oumngvaw | wed
[oswomnsowl pus 0010] owmngvae | wel[oswonoisonon] rarvaool  o0sos] owkngvaw | vied[ose l pono] oil ommmgae| ved
[csoermenou puaod oooso] owmegvwer| viel

oswestarooun]  Tra0ol poor] owwmgvie | wel[ossceomoml memos] oon oinkmawam | omg[csworousonelowas] Goze] ommgwaw | Coen—  — rr
[osama]wal wooow] we[wel®[osomemmal maou] Towoo] Unser|vI 7IT_T
[oscomeal rovaool boss se | wel[oscomma sen 00010] mses|vosomvsnl owe Wacocsol omees [viel[GoonerTse] ocoml ise vdIi—1— ——— |[cowmnsnel oven] boo] mses [viel[oesoruamoe]aon] ose mses | viel[osrorewenswavs Foo0t0] Tees | via}[osvonesonl—rarwaooloer] wwe via}osu] eo W000] mses vialEe ————

Drm Wateied533Hn) cesFarsonoRa ng Wat os Posnes wal,Gude anda otro hancone mpaon vale kesNO= ot Dotocad 1 abo of GeinLOD).
Thee LOD i sponteand aes by nsrumon andover ne,NO NotGuaniale: Baad taora he LOB and Sotl conicton (00)CSrater report.Wa. caratre eteforiDanhgmaginwowseesl wat sous cole inhoniGsatwer siedGga mia asspove
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TABLE 6.1

‘Summary of C-8 Analytical Results In Groundwater and Surface Water (ug/l)

@ Dry Run Landfill (Off-site Wells, Springs, and Cisterns - One Mile Radius)
Lubeck, WV
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osvmomeral aiaoo noooo] ruses wed

[osunion] nao 00010] owiean [widosvmomemil vias oon] Uses wad
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Gowionnnlesmololuser vil
 oswenol vm roroos] mess| vielose umeTevil
oswmomelvamosores vie———somowromlmesesnes
Iovrourond ame] owl ues vie
— re
[oscwal sms] ooo] wamcame | spdI 7)SY: T= IC

osmoves ouzoor] coral as.awcame | spd

— —— —
owes] wae om we|cudEC 7 TS —OC ETT_T:|coomenel vewaml owl me|cuedburon oral vavawel orl mass| cetenos GmenEror] smmod] oaool wee | coudCT TT C7 rTI 7OXI ——

IDaring Waaipaole) ctonn consumption. Non-rkingWae escenest wang. dainsod ryot7anCreumts von.ND Neoorhow ttn400)
Th 5108100issprosirte nd asby ntns ve re0Tonba, Booaesarson8aoert coCaenprodup.fragilis cic SO

Tao CorenrerTai
1/29/2003 4:18 PM 202 0:1 Consent der 3
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Tao62Moniaing Wall Construction and areundatr Elvation Da® Dry RunLandfiliwi

beemree |orn[ornodore ora aoa meeran re] a|
Born|rece|ne |ress|rma | ree|ross|sve|oom|

c 72024| 72261- | 71424.| 607.83.| 751.37. T46AT 74382To| Toe | roe | ms| a| er| oePreT Te ;re | en| mn | mn] | :frobruary-02 ne2s| 72790| 72870| 71406 - : Sofoes | mem| me| mn| pee| Sloes | me| me mee| :
ons | mn] ma | mn| me] Lwin| roar

[Parameters GRW-10BRW-208|DRW-12|DRMV-13|GRMW.1S|DrRnw 218]DRMWTE]
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Bitumses |000 |ono| sow|oon|ove|ooo|wn|
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1 GroundwaterElevation (feet) |

{[pecomber-01 - 724.40 711.81 716.10 + 75400 |

ee, Co mE | en| es me© fm me | me| es etd
laugustoz . 72385 | 71065| 71582 . 7531 00140Benes: o | res | fase| Thies| 7ises| owor | ress|
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Table 6.3

Summaryof Analytical Results:

[] C-8 in Groundwater
Dry Run Landfill

Lubeck, WV
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Table 6.3
® ‘Summary of Analytical Results:

C-8 in Groundwater
Dry Run Landfill

Lubeck, WV
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Table 6.3

‘Summaryof Analytical Results:
® C-8 in Groundwater

Dry Run Landfill

Lubeck, WV

[see[bw| Geen
mw]

msm [ore| [razor oom 1[momoTote| [omiiessToi
[somosTo| [owes or |

I RTS [omaoeem5 1ry  — —| Poms wr7— —| some[ps][oR [zum is]
[imsaoeeTes |[reat[es |[rmomo00Tes 1[omiess136oO [eames50
1——CC Ezowwes

RTS iorsaon _T—35—————
[emomooz1500
[smaoe[5 1Ez en[as|[ema ast

mee ow[immo as]
[izreaoot[ae]
[romo00Toms
[rowsTos]

2.
ome]ome: mame
[ND = Not Detected at or above the limit of detection (LOD). Ime lsted LOD i approximate and varies by instrument and over lime, l
INQ = Not Quantifiable. Detected a quantification (LOQ).= estimated value (below aboralry quantiatin mi),ote: Analytica method changed as of November 2001 (see Section 2.0 of DuPont (20035)es
| Analytical cuplstes'values worepreviously inadvertent omited rom _
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® Table 6.4
Summary of Analytical Results:

C-8 in Surface Water
Dry Run Landfill
Lubeck, WV

UTLEY oo [mz6s0—

[712002I Nofiowconaons[772002INofiow conatons{
[omar wo][memeTs7—;—| [oom Tso————[oz—T——s16[212200Wofow condions || [iomeom1 sis 177 I—[rons[emioooTw |@ UTLEY 05 [—ia02002| Tifowcondor:
[02002INofow conaions
[Comme1 255 ||| 2
[oor01[mmr[67———|| 7|
[3212200_| Noflowcondiions |COMET oF [T0202Tioflow conaons |[105020021Nofowconatans || [95302002 No-flowconditions}

meee—Tor|
| [sze2002| Norfowcontons—||

I727 ——[2252002Vioowcandiions || [282002| Rorfowconations |
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® Table 6.4
Summary of Analytica Result:

C-8 in Surface Water

Dry Run Landfill

Lubeck, WV

PROPERTY BOUNDARY| Tomomes 35]
[smeoezoar |

[emamo0zTeo |
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120011965 | oss |
Sho]
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1 212512002 [as
| mepooz| a24 |
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& Table 6.4
‘Summary of Analytical Results:

C-8 in Surface Water
Dry Run Landfill
Lubeck, WV

Sample T Date T—Cougn1}
DR LEACHATE
[seo150 |

[—oeseoo1534}
[psp 1286} .
[impos138 |
[armamoot1100

[ameressaa |
|—snensssTse |[ares|e]

POND UNDERORAIN | 00/2002 | 368 |
|[omemo0z"67a |[ize[ms]

[—emsmo02Teer |
[—2mseooz157

[emo T72651
[G] _ |__zmepoor1 354

Note: Analytical method changed as of November 2001 (see Section 2.0 of DuPont (2003b)fo dette)
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APPENDIX A

BORING LOGS AND WELL CONSTRUCTION DIAGRAMS —
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