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Sampling Investation Rests Executive Summary

EXECUTIVE SUMMARY

DuPont conducted a field investigationofthe Little Hocking Water Assocation well field
in August 2002 in order to delineate ammonium perfluorooctanoate (C-8) concentrations
in soil and groundwater near a test well, TW-4. Groundwater sampled from TW-4 in
2002 showed a C-8 concentration range of 12.3 10 37.1 ug/L. This report summarizes the
‘work performed, presents results, and provides conclusions and recommendations.
Recently, pursuant to a multi-media consent order issued by the West Virginia
DepartmentsofEnvironmental Protection and Health and Human Resources to DuPont
on November 15, 2001 (Order No. GWR-2001-019; Consent Order), DuPont had
submitted summary reports to the Ohio Environmental Protection Agency detailing the
off-site investigation activities near the Washington Works facility. These reports
assessed media-specific C-§ transport from the facility and concluded that migration of
air emissions is the only probable transport mechanism for C-8 found in the Little
Hocking Water Association well field.
The field investigationofthe Little Hocking Water Association well field focused on
delineating depth-specific C-8 concentrations in soil and groundwater near TW-4.
Concurrently, additional geoprobe borings, test wells and production wells were sampled
in order to develop a site conceptual model for deposition and migration of C-8 in soil
and groundwater at the Little Hocking Water Association well field. The following

| conclusions are drawn from the investigation results and other available data:
Q All groundwater results are below the C-8 Assessmentof Toxicity Team (CATT)

established human health protective screening criteria for water (water C-8 SL;
WVDEP 2002) of 150 ug/L.

Q The C-8 concentrations in groundwater decreased with depth within the aquifer.
‘The C-8 concentrations in groundwater at the topof the aquifer, within the silty
clay, ranged from ND (<0.01 ug/L) to 78 ug/L, while C-8 concentrations at the
botiomofthe aquifer, within the sand and gravel, ranged from ND (<0.01 ug/L) to
8.58 ug/L (excluding results for TW-4).

Q Consistently high pH values measured in TW-4 and other field observations
indicate that this test wells construction is likely compromised, possibly due to a
failed grout seal or to a failed well casing. Higher concentrationsof C-8 measured
inthis well (ranging from 12.3 10 37.1 ug/L) are likely attributed to shallow
groundwater that contains higher C-8 concentrations migrating downward into the
deeper monitoring zone or into the well itself, which could happenif the grout
seal or the well casing were 10 have failed. C-8 concentrations measured in this
well are not likely to be truly representativeof the deep aquifer.

Q Drinking water is pumped from the bottom of the sand and gravel aquifer through
the four production wells. The highest C-8 concentration measured in the four
‘production wells was 8.58 ug/L, significantly lower than the human health
protective water C-8 SL. The C-8 results for finished water, a combination of
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waters from the production wells that is distributed to Little Hocking customers,
ranged from 1.69 10 4.29 ug/L, also significantly lower than the water C-8 SL.

Q All soil results are below the CATT-established human health protective
screening criteria for soil (soil C-8 SL)of240 mg/kg (WVDEP 2002). The
highest soil C-8 concentration measured is 170 ug/kg (0.170 mg/ke). Most results
for soil sampled below the water table are nondetectable.

Q Overall, the very low concentrationsofC-§ measured in the soils indicate that C-§
does not readily adsorb to soil, especially soils below the water table.

Q C8 results for soil and groundwater sampled immediately adjacent to TW-4 do
not distinguish this test well as a source for higher C-8 concentrations in soil and
‘groundwater.

Q Overall, this investigation as completed, combined with the air emission modeling
and groundwater modeling results and the available physiochemical data for C-8,
are sufficient to understand the migration pathwaysofC-8 from the Washington
Works facility and within the Little Hocking Water Association well field.

| Q Revised groundwater modeling by DuPont supports the previous conclusion that
no potential groundwater migration pathway exists beneath the Ohio River to the

| Little Hocking Well field.
Q Based on the current data available, DuPont believes the following pathway does

exist. C-8 from the DuPont facility is transported via air emissions by wind and is
| deposited on the Little Hocking well field surface soils. Precipitation then leaches

the C-8 downward through the unsaturated zone to the aquifer. Dissolved C-§
then migrates with groundwater within the aquifer. Groundwater containing low
levels of C-8 is then pumped from the aquifer through the four production wells.
Water from the production wellsismixed and the finished water, containing even
Tower levels of C-8, then enters the Little Hocking Water Association distribution
system.

Q This investigation as completed, combined with the overall understanding of C-§
‘migration pathways within the Little Hocking well field, is also sufficient to
understand the distribution of C-8 in the test wells, including TW-4, in the,
production wells and in the finished water that enters the Little Hocking
distribution system.

Q In order to assess the impactofrecent C-8 air emission reductions at the
Washington Works facility, DuPont recommends continuing quarterly monitoring
of C-8 in the four Little Hocking Water Association production wells and finished
water for a periodoftwo years.

HSieport Ape 17.03 - WwWimagion,OF 000442



Sampling investation Resuls IntroductionSrioginestoatorRessts Introduction

1.0 INTRODUCTION

Pursuant to the multi-media consent order issued to DuPont on November 15, 2001
(Order No. GWR-2001-019; Consent Order), groundwater was sampled at public water
supplies (PWS) along the Ohio River in West Virginia and Ohio. Groundwater was
sampled to determineifreleases of C-8 from the DuPont Washington Works facility
(located in Washington, West Virginia) have impacted groundwater in the PWS. ThePWS sampling was performed under the directionofthe Groundwater Investigation
Steering Team (GIST) which was established under the Consent Order. The Little
Hocking Water Association well field, located across the Ohio River from the
Washington Works facility in Washington County, Ohio, was included in this sampling.
‘The locationsofthe Little Hocking Water Association well field and the DuPont
‘Washington Works facility are shown in Figure 1.
Four production wells at the Little Hocking Water Association well field (LHPSD1
through 4) were sampled in December 2001. The C-8 concentrations measured in the
production wells ranged from 0.844 10 7.66 ug/L. To better understand the distribution of
C-8 in the Little Hocking well ield, a more extensive sampling event was conducted in
January 2002, that included the samplingoffinished water (the water distributed to| customers) and booster station sampling points, and groundwater from all production and
test wells in the well field. The locationsofthe production and test wells sampled in the.
Little Hocking well field are shown in Figure 2.

| A totalof 19 groundwater samples, including one duplicate, were collected and analyzed
from Little Hocking during the January 2002 sampling event. The concentrations of C-8in finished water and booster station sampling points ranged from 1.69 10 1.94 ug/L. The
C8 concentrations measured for the production wells ranged from 0.744 t0 6.22 ug/L.
‘The C-8 results for nineof the ten test wells ranged from 0.364 to 4.48 ug/L. In test well4 (TW-4), the concentration measured was 37.1 ug/L. Figure 3 shows the January 2002
distributionof C-8 results in the production and test wells. Based on the clevated result atTW-4 compared to the surrounding wells, the Ohio Environmental Protection Agency(OEPA) requested that DuPont conduct a focused field investigation to delineate C-§
concentrations in soil and groundwater near TW-4.
In August 2002, DuPont conducted the field investigation at the Little Hocking Water
Association well field. During this investigation, the following activities were
performed:

Q Advanced ten temporary soil borings
9 Continuously monitored geologic information during the advancementofthe ten

temporary borings
Q Sampled soil and groundwater and monitored groundwater parameters at various

depths within the temporary borings

or ~ee or. 08 000443 !
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Q Sampled groundwater in all production and test wells and recorded groundwater
elevations

Q Measured Ohio River stage
: ‘The C-8 Assessment of Toxicity Team (CATT), was assembled as required by the

Consent Order to establish human health protective screening criteria for water (water C-8 SL) and for soil (soil C-8 SL). In August 2002, while the field investigation was being.conducted at Little Hocking, the CATT issued its final report and established the waterC-8 SL at 150 ug/L and the soil C-8 SL at 240 mg/kg (WVDEP, 2002).
Following the completion of the field activities at Little Hocking, groundwater sampleswere analyzed to measure C-8 concentrations. C-8 analytical results for groundwaterwere then compared to the CATT-established water C-8 SL. In August 2002, ananalytical method for measuring C-§ in soils was still under development; therefore, soilssampled during the investigation were placed on-hold in a secure manner. The methoddevelopment was completed in February 2003. C-8 analytical results for soils werefinalized in March 2003. C-8 analytical results for soil were then compared to the CATT-established soil C-8 SL. The analytical results were then evaluated in conjunction withgeologic data available from Little Hocking Water Association and with geological dataobtained from the temporary borings. A site conceptual model was then developed.
‘This report documents the field investigation activities and the resultsof the
investigation. In this report, the following sections are discussed:

| Q Environmental Setting (Section 2)
Q Sampling Approach (Section 3)
Q Groundwater Results (Section 4)
Q Soil Sample Results (Section 5)
Q The Little Hocking Site Conceptual Model (Section 6)
Q Conclusions and Recommendations (Section 7)
Q References (Section 8)

000444

LiStepont Apr 17.03 2Winigion, OF



|
. Samping stanton Rasuts Environmental SettingRe EnvironmentalSetting

2.0 ENVIRONMENTAL SETTING

21 Geology

The Little Hocking well field is located in the Ohio RiverValleyand consists of‘Quatemary alluvial sediments that overly the Permian-aged Dunkard Group. The twopredominant faces of the Ohio River alluvium that have been identified in this rcainclude coarse-grained Ohio River Alluvium (Pleistocene-aged glacial outwash deposits)and fine-grained Ohio River Alluvium [Holocene overbank deposits (Simard, 1989).‘The Pleistocene deposits consist primarily of coarse-grained sand and gravel while theHolocene deposits consist primarily ofinterbedded and laminated sil, clay and fine-grained sand. The Dunkard Group (bedrock) consists primarilyofred and varicoloredsandy shale; gray, green and brown sandstone; gray and light-gray siltstone; and minorbedsofcoal, claystone, black carbonaceous shale and limestone.
The faciesof the Ohio River Alluvium formed in response o the glacial advances andretreatsofth pre-, early- and late-Wisconsinan and were deposited as successive phasesofaggradation and degradation ofriver valley alluvial materials. The coarse-grainedPleistocene alluvium was deposited as glacial outwash during the primary valley| aggradation event following the glacial scouringofthe valley into the bedrock floor.During the subsequent degredation and aggradation cycles ofthe Pleistocen, the glacial| outwash sediments were partially removed, re-worked and then redposited toa lowerelevation than the previous cycle, thus forming a terace. This process formed a series ofPleistocene-aged terrace surfaces within the Ohio River Valley. These surfaces weredesignated (youngest 0 oldest) as $4, S5, and S6 by Simard. With cach subsequentdegredation/aggradation cycle, additional fines were incorporated into the Pleistocenedeposits due to continual influxoffiner-grained fluvial sediments from tributarics of theOhio River. Asa result, the Pleistocene deposits become more highly re-worked andprogressively finer-grained toward the centerofthe river valley, particularly in locationsdownstream ofsignificant tributaries (Simard, 1989). The total thicknessof Pleistocenesediments at Washington Bottom (located immediately south across the Ohio River fromLitle Hocking in West Virginia) ranges from about 80 fect beneath the highestPleistocene terrace surfaces to about 15 fect beneath the current channelof the OhioRiver.
The Pleistocene alluvial depositsare overlain by the fine-grained Holocene sediments.The ils, clays, and fine sandswere deposited on the surfaceofthe Pleistocene terracesas well as on a seriesof more recent floodplains, which formed in the center of the OhioRiver Valley during the Holocene. The thickness ofthe Holocene sediments typicallyranges from $10 15 feet ovr the Pleistocene terace surfaces and 25 to 35 feet over theHolocene floodplains. Simard designated the Holocene floodplain surfaces as S1 through53 and the modern floodplain ofthe Ohio River as S0. Figure 4, modified from Simard(1989), i a block diagram and idealized cross-section through the Ohio River valleydepicting the complex set of Pleistocene terraces and Holocene floodplains which haveformed in the valley.

Tistepon 750 7.08 3Wimington,DE.
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A generalized north-south cross-section from the Little Hocking Water Association well
field in Ohio, through the Ohio River and across the Washington Works facility, is
presented in Figure 5. This cross-section shows the floodplain and terrace surfaces, the
Holocene silt and clay overbank deposits overlying the Pleistocene sand and gravel
outwash deposits and the re-worked Pleistocene alluvium in the center of the river valley.
“The alluvial terace deposits are underlain bya fla, river-scoured bedrock surfaceof the
Dunkard Group that rises steeply and forms the valley walls to the North of Little

Hocking Water Association and to the south of the Washington Works facility (Figure 1).

22 Hydrogeology
Groundwater supplies in the region are obtained from the Dunkard Group bedrock and
Ohio River alluvial terrace deposits. However, the saturated portion of 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 (Schultz, 1984). Based on these high yields, numerous industrial
and commercial water supply companies obtain water from the alluvial aquifer.

“The Ohio River Alluvial Aquifer is the primary water-table aquifer in the area. This
aquifer occurs at a depth of 15 to 30 feet below ground surface in the Little Hocking well

| field. The saturated zone is approximately 30 to 40 feet thick, extending approximately

to the surfaceof the underlying Dunkard Group bedrock. Numerous pumping tests have
been completed in the alluvial aquifer in the Washington Bottom area as part of water

| supply investigations. The hydraulic conductivity of the alluvial aquifer in the area
typically ranges from 100 to 300 ft/d (Legggette, Brashears & Graham, Inc., 1986;
Burgess & Niple Ltd., 1988). In contrast, the hydraulic conductivityofthe underlying
Dunkard Group bedrock aquifer is typically between 0.05 and S ft./d (Kozar and Mathes,
2001)
Natural recharge to the alluvial aquifer comes from various sources, including:

Q Infiltration of precipitation falling directly on the alluvium
Q Lateral movementof the river water through the alluvium
Q Seepage from stream tributaries that discharge to the Ohio River
Q Surfacerun-offfrom the outcrop areas of the Dunkard Group, which form steep

slopes adjacent to the uppermost Pleistocene terrace.
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3.0 SAMPLING APPROACH
In order to evaluate the elevated C-8 concentrations in TW-4, DuPont implemented a
focused sampling approach that delineated horizontally and vertically the C-§
‘concentrations in groundwater near this test well. This sampling plan was developed with
assistance from the OEPA and was submitted to and approved by the OEPA in early
August 2002 (DuPont, 20024). The locations of temporary borings advanced are shown
in Figure 5. TW-4 was used as the center point, and six radial sampling segments were
established north, northeast, southeast, south, west, and northwest. Along cach segment,
soil and groundwater or only groundwater were sampled from the temporary borings.
Figure 5 shows the locationsof the two borings where soil and groundwater were
sampled and the locations of the eight borings where only groundwater was sampled. In
two borings where soil and groundwater were sampled, sampling was planned at the
following depths from ground surface.

a soil
atthe surface

«at S-foot intervals below ground surface to the top of the sand and gravel
aquifer (approximately 30 feet below grade)

* at 5-foot intervals from the top of the sand and gravel aquifer to the bottom of
the aquifer (estimated at SOt0 55 feet below grade)

«atthe geologic interfaces
| a Groundwater

«at first encountered water (approximately 17 to 20 feet below grade)
* at 5-foot intervals from first encountered groundwater to the bottom of the

sand and gravel aquifer (estimated at 50 to 55 fect below grade).
«atthe geologic interfaces

Atall other temporary boring locations, groundwater sampling was planned at two.
depths, at first encountered water (approximately 17 to 20 feet below grade) and at the.
bottomof the sand and gravel aquifer (estimated at 50 to 5 feet below grade).
In addition, DuPont scheduled the Consent Order-required 3Q02 PWS sampling event,
which includes sampling the four production wells and TW-4 at Little Hocking, to
coincide with the field investigation. The Little Hocking test wells, that are not required
sampling points in the quarterly PWS sampling, were sampled as part of the field
investigation, including TW-1 through TW-6 and TW-9 through TW-12 (Figure 2).
Groundwater elevations were measured in the test and production wells prior to sampling
the wells. Ohio River stage was also measured using the datum located on the Kraton
Polymers property, located immediately east of the Little Hocking well field, with the
assistanceof a Senior Environmental Engineer from Kraton.

UiSioport Ar 17.03 ~ — — 5Wimiogon, 08 000447
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4.0 GROUNDWATER SAMPLE RESULTS
For groundwater sampled from production wells, test wells and the temporary borings,
sampling was conducted as described in the Quality Assurance Project Plan (DuPont
2002b) and in the Sampling Investigation Plan for Little Hocking Water Association Well
Field (DuPont, 2002a). Appendix A provides information on C-8 analytical reporting.

4.1 C-8in Groundwater from TemporaryBorings

Groundwater sampled at various depths from the ten temporary borings was analyzed for
C-8. Table 1 presents the C-8 results for the groundwater samples. The first part of the
sample name indicates the investigation and the sample type (WWO-G; Washington
‘Works, Ohio, groundwater). The second partof the sample name indicates from which
temporary boring the sample was collected (i.e. LHWANTI is boring LHWAN-1; see
Figure6 for temporary boring locations). The third part of the sample name indicates the
depth below ground surface from which the groundwater was sampled. Figure 7 shows
the range in C-8 concentrations measured in eachofthe temporary borings.

In total, 18 samples (including one duplicate sample) were collected from the ten
temporary borings (Table 1). Samples of first water encountered were collected from all
ten borings. Samples from greater depths were collected from three borings. At the
boring closest to TW-4, LHWASW-1, sampleswerecollected every five fect from the
first water encountered to the bottomofthe sand and gravel aquifer. Note, not all
‘planned sampling was completed. The field investigation proceeded slower than
expected due to changing field conditions (stabilization of field parameters, particularly
turbidity, took much longer than anticipated) and interruptions by the oversight
consultant. As a consequence, not all groundwater and soils targeted in the work plan
were sampled.

The C-8 concentrations measured in the groundwater sampled from temporary borings
ranged from non-detectable (<0.01 ug/L; ND) to 78 ug/L and do not exceed the CATT-
established human health protective water C-8 SL of 150 ug/L. In general, C-8
concentrations are higher at the first water encountered than at greater depths within the
aquifer or at the bottomofthe aquifer. The distributionof C-8 vertically and horizontally
within the well field is discussed in detail in Section 6 which presents the site conceptual
‘model for C-8 in soil and groundwater at Little Hocking.

4.2 C-8in Groundwater from Production and Test Wells

Table 2 presents the PWS sampling C-8 results for the Little Hocking Water Association.
The data for the well field investigation conducted in August 2002, including the data
from the four production wells and all ten test wells are highlighted in blue. At the
bottom of Table 2 are data from finished water and booster station sampling points.
‘These are samplesof the water that is being distributed to Little Hocking Water
Association customers. Finished water was. inadvertently not sampled during the well

DemersWimngon. OF 000448
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field sampling. Table 2 also provides data from the 4Q02 and the 1Q03 PWS sampling
events in which the four production wells, TW-4 and finished water were sampled.
During the well sampling and PWS sampling, allofthe C-8 concentrations measured in
the production and test wells and in the finished water were well below the water C-8 SL
of 150 ug/L that was established by the CATT (WVDEP, 2002).
Figure 7 shows the rangeof C-8 measured at each production and test well using all the
data for each well summarized in Table 2. The highest concentration of C-8 measured in
a production or test well, excluding TW-4, was 8.58 ug/L.
C8 concentrations measured in TW-4, which was the focusofthis investigation, have
been variable. The C-8 concentration in this test well has ranged from 12.3 to 37.1 ug/L.
‘These levels are higher than in any other test or production well in the Little Hocking well
field. However, field and laboratory measurements and field observations, discussed
below, suggest that the integrityofthis test well is compromised.
‘Table 2 providesthe pH dataforthe groundwater sampled collected from the production
and test wells. The pH measured for all production and test wells, except for TW-4, has
ranged from 6.72 to 7.94. However, the pH values measured in TW-4 are much higher,
and have ranged from 9.22 to 12.61. High pH values are commonly associated with
cement-bentonite grout (Colangelo et al. 1986).
Bentonite, which is commonly used as grouting material in well construction, is a clay
mineral containing calcium, aluminum and iron. A comparison of groundwater analytical
results between TW-4 and Well #2, oneof the four production wells, also shows that
TW-4 has approximately twice as much calcium and three times as much iron and
aluminum than Well #2 (OEPA, 2002).
Field activities show thata three-inch pump that fits in the upper portionofthe below-
surface PVC pipe of TW-4, gets stuck in the PVC pipe at depth. The one and one half-
inch pump, on the other hand, can be lowered to the bottom of the well. This observation
indicates that the PVC pipe is not completely straight. A bent PVC pipe may indicate a
problem with the joint between lengthsof PVC pipe that could allow grout contamination
into the well. Furthermore, particlesof a crusty, white material, which may be grout, are
frequently found on the pump when it is removed from the well. In addition, water from
TW-4 also is frequently a milky to grayish color.
‘The consistently high pH values, water chemistry, and other field observations from this
well likely indicate the integrity of the well is compromised, most likely by a failed grout
seal ora failed well casing related to the bend in the PVC pipe. A failed grout seal or a
failed well casing would allow shallow groundwater, which contains higher
concentrationsofC-8, to migrate into the deeper monitoring zone and would result in
unusually high C-8 concentrations in the test well compared to C-8 concentrations
‘measured in other production and test wells. Becauseofthe compromised integrity of
TW-4, itis likely that samplesofgroundwater from this well are not representative of
typical conditions within the deeper portions of the sand and gravel aquifer.

isiepon Agr 17.03 7
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‘The distributionof C-8 in the production and test wells in the Little Hocking well field is
discussed in detail in Section 6, which presents the site conceptual model for C-8 in soil
and groundwater in the Little Hocking Water Association well field.

4.3 Groundwater Elevations in Production and Test Wells and Ohio
River Stage

Groundwater elevations were measured in all production and test wells sampled in the
Little Hocking well field. In addition, the Ohio River stage was measured. Table 3
provides the surveyed measuring point elevationsofthe production and test wells, the
depths to water measured and the calculated groundwater elevations. The Ohio River
stageis also presented in this table.
Figure 8 presents the groundwater elevation contour mapofthe Little Hocking well field
for August 21, 2002. The pumping of the production wells results in the development of
a coneofdepression surrounding the production wells with groundwater flowing towards.
the production wells from all directions. Because the four production wells are cycled on
and off, the cone of depression shifts its position depending on which production wells
that are pumping at the time. Groundwater elevations and flow directions within the
Little Hocking well field aquifer are discussed in more detail in Section 6, which presents
the site conceptual model for C-8 in soil and groundwater at the Little Hocking well field.

i
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5.0 SOIL SAMPLE RESULTS

For soil sampled from the temporary borings, sampling was conducted as described in the
‘Sampling Investigation Plan (DuPont, 2002b). In total, 22 soil samples, including one
duplicate sample, were collected from two temporary borings, LHWASW-1 and
LHWANW-1. Table 4 provides the sample names, sample dates, the C-8 concentration
‘measured and comments. The sample nomenclature is similar to that employed for the
‘groundwater samples. The first partof the sample name indicates the investigation and
the sample type (WWO-S; Washington Works, Ohio, soil). The second part ofthe
sample name indicates from which temporary boring the sample was collected (i.c.
LHWASW1 is boring LHWASW-1). The third partofthe sample name indicates the
depth below ground surface where the sample was collected. The Comments column, on
the far right, provides abriefdescription ofthe sample.
The C-8 concentrations measured from the two borings ranged from ND (<2 ug/kg) to
170 ug/kg in LHWASW-1 and from ND to 110 ug/kg in LHWANW-1 (Figure 9). In
general, the concentrationsof C-8 measured decreases with sampling depth in bothofthe
temporary borings. The C-8 concentrations measured in soil from the temporary borings
are significantly lower than the human health protective soil C-8 SL (240 mg/kg or
240,000 ug/kg) that was established by the CATT (WVDEP, 2002).
C8 concentrations measured in soils from the Little Hocking well field are discussed in
detail in Section 6, which presents the site conceptual model for C-§ in soil and
‘groundwater at the Little Hocking Water Association well field.

iSiepont Aor 17.03 s
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6.0 SITE CONCEPTUAL MODEL

6.1 Geology

Using the geologic data available from the temporary borings and the production and test
wells, three cross-sections (A-A’, B-B', and C-C”) were generated for the Little Hocking
well field. Appendix B provides the geologic logs for the temporary borings. Geological
logs for the production and test wells (made available to DuPont by the Little Hocking.
‘Water Association)are provided in Appendix C. The cross-section location map is
provided in Figure 10. Cross-sections A-A’ and B-B" generally run north to south and C-
C runs west to east. Cross-sections A-A’, B-B", and C-C’arepresented in Figures 11,
12, and 13, respectively. These cross-sections show that the stratigraphyofthe Little
Hocking well field is comprised of three lithological units (from ground surface
downward):

Q Holocene overbank deposits (approximately 25-40 feetof a low permeable silty
clay or sandy clay or sand and clay)

Q Pleistocenc glacial outwash deposits (approximately 20-35 feet of sand and gravel
‘which is the site aquifer)

Q Dunkard Group bedrock (shale)
i ‘The compositionofthe Holocene overbank deposits is variable. In the western partof the

well field, silty clay andclayare observed, while in the caster portion sand and clay
and/or sandy clay is found. The contact between the upper silty clay and the underlying
sand and gravel is an erosional surface, characterized in some locations by channels cut
into the sand and gravel (Figure 13). The compositionofthe sand and gravel uni is also
variable, consistingofsand, sand and gravel, silty sand, and clayey sand. Where
encountered in the temporary borings, the underlying bedrock is a micaceous, greenish
gray siltstone. The logs for the production and temporary wells indicate that bedrock
consistsofred and blue shale, redclayand sandstone.

6.2 Hydrogeology
Cross-sections A-A', B-B and C-C" also show the groundwater elevation for August 21,
2002 based on data measured at the production and test wells. At the time water levels
‘were measured, Well #1, Well #2 and Well #3 were being pumped and Well #5 was not
being used. The coneofdepression around these three wells can be seen most obviously
on cross-section C-C' (Figure 13), but can also be observed on B-B" (Figure 12), The
‘groundwater contour map, which also shows the drawdown from the pumping wells, is
provided in Figure 8. The hydraulic conductivityofthe alluvial aquifer in the area
typically ranges from 100 10 300 t/day. Becauseof the high hydraulic conductivity, itis
likely that the coneofdepression shifts its position rapidly with the cycling on andoffof
the four production wells. Ohio River stage, 582.24 f mean sea level, is higher than in
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the test production and test wells. Therefore, water from the river flows into the site
aquifer. Precipitation also is a minor recharge source for the Little Hocking well field.

6.3 C-8 Transport Mechanisms and Migration Pathways
Based on our current knowledge, the following paragraphs describe the transport
mechanisms and migration pathways for C-8 from the Washington Works facility.
A groundwater model was developed for the Washington Works facility as part ofthe
RFI report for Washington Works (DuPont, 1999). The Consent Order required
refinementofthe groundwater model for the facility to re-evaluate the extent of
‘groundwater captured by the pumping wells at the site and to confirm that off-site
migration of C-8 impacted groundwater is not occurring. To meet these requirements,
refinementofthe groundwater modeling work was completed with input, guidance, and
eritical review from the United States Geological Survey, the USACOE, the West
Virginia Departmentof Health and Human Resources, and GIST members during the
‘model development, calibration, and finalization process. The reportoffinal findings for
the revised groundwater model for the facility and the surrounding area was submitted to
the GIST in January 2003 (DuPont, 2003). The revised groundwater model supports
DuPont's previous conclusions that no off-site migration of groundwater is known to be
occurring and that no potential groundwater migration pathway exists beneath the Ohio
River to the Little Hocking well field.
However, DuPont had released, and continues to release, C-8 in air emissions from the

‘ Washington Works facility. C-8 is emitted to the atmosphere in two phases, a vapor
‘phase, and a particulate phase. In May 2002, additional control equipment was installed
at the facility to reduce C-§ emissions. There has been approximately a 65 percent
decrease in total C-8 air emissions since the installation of this equipment compared to
levels measured for 1999, when C-8 emission levels were at their highest. Continued
reductions in C-8 emissions from the facility are anticipated during the next few years as
abatement efficiency improvement projects are completed.
The Little Hocking well field is located directly northof the Washington Works facility
across the Ohio River into Ohio. Wind direction data show that the Little Hocking well
field is downwindofthe facility and the predominant wind flow. Air emissions modeling
by DuPont indicates that some C-8 in emissions from the Washington Works facility
migrate over the Little Hocking well field.
Some C-8 in thevaporand particulate phases, emitted from the facility and transported by
‘wind, is deposited on the surface soil at the Little Hocking well field. The concentrations
of C-8 measured in surface soils (i.¢. 0-1 foot depth) sampled during this investigation
were 110 ug/kg and 170 ug/kg (Figure 11). C-8 is then leached by the precipitation from
surface soils to surface-water bodies and/or infiltration into surface soils.
Dissolved C-8 continues migrating downward in the unsaturated zone with the infiltrating
precipitation. The C-8 concentration in the soils below the surface, in the unsaturated
zone, ranged from 3.4 to 13 ug/kg, almost an order of magnitude lower than the
concentrationsofC-8 measured at the surface (see LHWAN-1 and LHWASW-1 in
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Figure 11). The low permeabilityofthe upper silty clay likely slows the rate of
downward migration of precipitation. In addition, the rate and directionofmigration of
precipitation likely changes with the different lithologies encountered in the Holocene
overbank deposits. For example, precipitation might migrate slowly downward through
thesiltyclay and then migrate laterally in a sand lens at a much faster rate. Soil-type
differences may also be responsible for the highly variable C-8 concentrations measured
within the groundwater in silty clay unit (compare LHWAS-1 with C-8 concentration of
‘nondetectable to LHWAS-2 having C-8 at 78 ug/L). In addition, the rateofprecipitation
‘and the levelofthe water table likely have some control over the rate ofmigration of
dissolved C-8. However, because C-8 is highly soluble (Fluoropolymers Manufacturers
Group, 2001), it does not tend to precipitate or sorb to particles in the soil but it remains
in solution and migrates with groundwater.
‘The concentrationsofC-8 in groundwater at the topofthe water table are higher than the
concentration of C-8 just below at the lithologic contact between the silty clay and the
sand and gravel (Figure 11). These data indicate that the overall the concentrationof C-8
decreases with depth in the water table within the silty clay. Alternatively, these data also
may reflect the increased permeability in the sand and gravel compared to the sity clay.
‘The C-§ concentration measured in a single boring at various depths show that the
concentrationof C-8 in groundwater and soil decreases with depth within the aquifer
(Figure 11) as the dissolved C-8 migrates within the sand and gravel aquifer. However,
the C-8§ concentration at the baseof the sand and gravel aquifer (i.. position of the well

| screens) is somewhat variable and does not seem to show a rend with groundwater flow
direction towards the pumping wells. Table 2 shows that C-8 concentrations are
consistent within a single production well but that the concentrations are different
between the production wells. Well #3 consistently has the lowest C-8 concentration
(less than lug/L) whereas Well #5 consistently has the highest C-8 concentration (ranging
froms.69 10 8.59 ug/L). Because the four production wells are cycled on and off and the
C-8 concentrations measured in the wells are not the same, the C-8 concentration in the
finished water is variable. Table 2 shows the concentrationof C-8 in finished water has
ranged from 1.69 10 4.29 ug/L.
Briefly summarized, DuPont currently believes that C-8 from the DuPont facility is
transported via air emissions by wind and is deposited on the Little Hocking well field
surface soils. Precipitation leaches the C-8 downward through the unsaturated zone to the
aquifer. Dissolved C-8 then migrates with groundwater within the aquifer. Groundwater
containing low levelsof C-8 is then pumped from the aquifer through the production
‘wells. Water from the four production wells is mixed and water containing even lower
levelsof C-8 (the finished water) then enters the Little Hocking Water Association
distribution system. C-8 concentrations in finished water from Little Hocking are
significantly below the human health protective water C-8 SL of 150 ug/L (WVDEP
2002).
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7.0 CONCLUSIONS AND RECOMMENDATIONS
Based on the investigation a the Litle Hocking Water Association well field and otherdata available, the following conclusions can be made:

@ All groundwater results are below the C-8 AssessmentofToxicity Team (CATT)established human health protective screening criteria for water (water C-8 SL;WVDEP 2002) of 150 ug/L.
@ The C-8 concentrations in groundwater decreased with depth within the aquifer.The C-8 concentrations in groundwater at the topof the aquifer, within the siltyclay, ranged from ND (<0.01 ug/L) to 78 ug/L, while C-§ concentrations at thebottomof the aquifer, within the sand and gravel, ranged from ND (<0.01 ug/L) to8.58 ug/L (excluding results for TW).
Q Consistently high pH values measured in TW-4 and other field observationsindicate that this test wells construction i likely compromised, possibly due to afailed grout seal or10a failed well casing. Higher concentrations of C-8 measuredinthis well (ranging from 123 to 37.1 ug/L) are likely attributed to shallowgroundwater that contains higher C-8 concentrations migrating downward into thedeeper monitoring zone or into the well itself, which could happen if the groutseal or the well casing were to have failed. C-8 concentrations measured in thiswell are not likely to be truly representative of the deep aquifer.

| Q Drinking water is pumped from the bottomof the sand and gravel aquifer throughthe four production wells. The highest C-8 concentration measured in the fourproduction wells was 8.58 ug/L, significantly lower than the human healthprotective water C-8 SL. The C-8 results for finished water, a combination ofwaters from the production wells tha s distributed to Little Hocking customers,ranged from 1.6910 4.29 ug/L, also significantly lower than the water C-8 SL.
@ All soil resultsarebelow the CATT-established human health protectivescreening criteria for soil (soil C-8 SL)of 240 mg/kg (WVDEP 2002). Thehighest soil C-8 concentration measured is 170 ug/ke (0.170 mg/kg). Most resusfor soil sampled below the water table are nondetectable
Q Overall, the very low concentrationsofC-8 measured in the soils indicate tht C-§does not readily adsorb to soil, especially soils below the water table.
C8 results for soil and groundwater sampled immediately adjacent to TW-4 donot distinguish this test well a a source for higher C-§ concentrations in soil andgroundwater
Q@ Overall, this investigation as completed, combined with the air emission modelingand groundwater modeling results and the available physiochemical data for C-8,are sufficient to understand the migration pathways of C-8 from the WashingtonWorks facility and within the Little Hocking Water Association well field.

seenpcos
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Q Revised groundwater modeling by DuPont supports the previous conclusion that

no potential groundwater migration pathway exists beneath the Ohio River to the
Little Hocking Well field.

Q Based on the current data available, DuPont believes the following pathway does
exist. C-8 from the DuPont facility is transported via air emissions by wind and is
deposited on the Little Hocking well field surface soils. Precipitation then leaches
the C-8 downward through the unsaturated zone to the aquifer. Dissolved C-8
then migrates with groundwater within the aquifer. Groundwater containing low
levelsof C-8 is then pumped from the aquifer through the four production wells.
Water from the production wells is mixed and the finished water, containing even
lower levelsofC-8, then enters the Little Hocking Water Association distributionsystem.

Q This investigation as completed, combined with the overall understandingof C-8
‘migration pathways within the Little Hocking well field, is also sufficient to
understand the distributionofC-8 in the test wells, including TW-4, in the
production wells and in the finished water that enters the LittleHocking
distribution system.

Q In order to assess the impactofrecent C-8 air emission reductions at the
Washington Works facility, DuPont recommends continuing quarterly monitoring
of C-8 in the four Little Hocking Water Association ‘production wells and finished‘water for a periodoftwo years.

|
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| Table 2
C-81n Production and Test Wells
Lite Hocking Water Association

Washingon County, Ohio
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} Table 2
- C-8 in Production and Test Wells

Litte HockingWaterAssociation
Washingon County, Onio
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i Table 3
Groundwater Elevation Data for Production and Test Wells August 2002

Litle Hocking Water Association
Washington Couniy, Ohio
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APPENDIX A

| C-8 ANALYTICAL REPORTING
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. C-8 Analysis of Water

In October 2001, a new analytical method for analysis of C-8 in water was developed and tested
B by Exygen Research, Inc. (Exygen; located in State College, PA). This laboratory utilizes Liquid

ChromatographyTandem Mass Spectrometry (LC/MS/MS). DuPont adopted the regular use of
LC/MS/MS for C-8 analysis in water in November 2001 and Exygen continues to perform the
water analyses for DuPont.
Exygen reports C-8 results for the laboratory replicateofeach field sample. These results are
evaluated for precision by comparing the field sample result to the corresponding laboratory
replicate result.

Q Ifboth results arc less than the practical quantitation limit (PQL), the replicate sample
for that analyte is considered to have passed the precision criteria.

QIfone or both results arc between one and five times the PQL, the replicate is
considered to have met the precision criteria if the two results differ by less than the
PQL.

Q [fone result is less than the PQL and the other is not, andif the two results differed by
a value less than the PQL, the replicate is said to have met the acceptance criteria.

Q 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 differenceoftwo
‘measurements divided by their average.

When the precision criteria outlined above are met, Exygen reports the averageof the field
sample and laboratory replicate results reported by the laboratory.Ifcriteria for precision are
exceeded, Exygen reports the higherof the sample and lab replicate results. Finally, when one.
result (from the sample/lab replicate pair) is above the PQL and one below, the result that is
above the PQLS is reported. C-8 results are recorded in the Corporate Environmental Database
(CED) and are reported as FC-143 for consistency with historical results.
An aliquotofeach ficld sample is also analyzed as a matrix spike (MS). Results of the MS
analysis are used to assess accuracy. The MS recovery value must fall between 70 to 130%,unless the sample concentration is at least four times the amount spiked. The maximum amount
used to spike field samples is 500 ug/L.
All data packages generated by Exygen are reviewed in-house for compliance with the laboratoryStandard Operating Procedures (SOP) and data usability, using the checklist provided in the
Quality Assurance Project Plan (DuPont 2002a). Resultsof the in-house review indicate that
data reported by Exygen have been generated in compliance with the laboratory SOP, with few
exceptions as noted in the individual review summaries. All data reported by Exygen have been
judged usable for the purposesofthe project. A subsetof the data packages generated by Exygen
have been submitted to Environmental Standards, Inc (ESI) in Valley Forge, Pennsylvania, for an
independent (i.., third-party) quality assurance review. Resultsof the quality assurance review
will be provided when available.
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C-8 Analysis of Soil

“The laboratory performing analysisofsoil samples and associated field blanks is Severn-Trent
Laboratories, Inc., Arvada, Colorado (STL-Denver).
STL-Denver analyzes samples for C-8 according to a laboratory standard operating procedure
(SOP), DEN-LC-0012A. Each sample is tested unspiked, in duplicate (Iab replicate), and spiked
with C-8, using LC/MS/MS.
STL-Denver reports C-8 results for the laboratory replicateofeach sample. These results are.
evaluated for precision by comparing the sample result to the corresponding laboratory replicate
result.

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

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

Q Ifboth results are at least five times the PQL, the replicate is considered to have met
the criteriaif the relative percent difference (RPD) between the two results is less than
or equal 10.20%. The RPD is the absolute valueofthe difference of two

| ‘measurements divided by their average.
‘When the precision criteria outlined above are met, STL-Denver reports the averageofthe
sample and lab replicate results. Ifcriteria for precision are exceeded, STL-Denver reports the
higherofthe sample and lab replicate results. Finally, when one result (from the sample/lab
replicate pair) is above the PQL and one below, the result that is above the PQL is reported. C-8
resultsarecurrently recorded in DuPont's Corporate Environmental Database (CED) and are
reported as FC-143 for consistency with historical results.
An aliquotof ach field sample is also analyzed as a matrix spike (MS). ResultsoftheMS
analysis are used to assess accuracy. The MS recovery value should fall between 70 to 130%,
unless the sample concentration is significantly higher than the amount spiked.
All data packages generated by STL-Denverarereviewed in-house for compliance with the
laboratory Standard Operating Procedures (SOP) and data usability. Resultsofthe in-house
review indicate that data reported by STL-Denver have been generated in compliance with the
Iaboratory SOP. All data reported by STL-Denver have been judged usable for the purposes of
the project. A subsetofthe data packages generated by STL-Denver have been submitted to
Environmental Standards, Inc (ESI) in Valley Forge, Pennsylvania, for an independent (i.c.,
third-party) quality assurance review. Resultsofthe quality assurance review will be provided
‘when available.
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APPENDIX B

GEOLOGIC LOGS FOR LITTLE HOCKING WATER
ASSOCIATION WELL FIELD TEMPORARY BORINGS
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APPENDIX C

GEOLOGIC LOGS FOR PRODUCTION AND TEST WELLS

(PROVIDED BY LITTLE HOCKING)
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‘Well Log and Drilling Report
Page lof| y

Water Wel LogsodDili Rept
wee # | GliaDvisonof Wer

a

Phone: 614-265-6740

mail: clevebrown@darstate Oh.uS.
‘Water Home:htpi/snewdarsateob yshwater

WELL LOGAND. DRILLINGRE
PORT

ogmers AEA
RIGINAL OWNERANDLOCATION

NamesLITTLEHOCKING WATER Lot Number:
yt WASHINGTON nrwkip BELPRE Section Number:

ress:
- StatesOF Zip Code:
tonNumber: 2 SionMi Years 1981 Location Ares:

~ANSTRUCTION DETAILS

} hole Diameter om Depte $04. Deptho Bedrock:

ig Diameters 01n pias, CaingLeugth SLA.

Sates Seren Lengths ete ofCompletion: 112870

iterTypes ters Name: GM. BAKER& SON

i ELLTESTDETAILS

sewater Leva: 105. ether 20pm AssosiatedReports

down: 51. Tei Duration: 404s. NONE

WELLLOG

:

“Formations
From To

AND& CLAY on
SAND& CLAY » %
RAVELSANDICLAY % 40
_AND &GRAVEL 0%
A

5
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ater Well Log and Diling Report Page 1 of

1 wx Wa WellLogsdrlyReport
OhioDepartmentofNur Resources

, wer Division of Water
i fg Phone: 614-265-6740

email shve brow@dn ste ob vs
WaterHome:hisdt sat oh uehwscr

1 WELLLOG AND DRILLING REPORT

| seme OT
{ loriomar OWNERAND LOCATION

| Original OwnerName:LITTLE HOCKING ATERLot Nember:
peWASHINGTON Township: BELPRE Secon Number:
Adres:

cry: States OH 2p Cote:
on Number: 2 Location Map Year: 195]Location Are:

i
| * constructionpETAILS

Borehole Diameter: Total Depth: 0f. DepthtoBedrock:
Lenn Cig Tut Cui ang 31.

| Well Use: Screen Length: Dateof Completion: 11/2870
frre Dell's Name: GA. BAKER & SON

| WELL TEST DETAILS
| sscweerev 6. TestRates 00gm AssociatedReports

| wiomsznn Test Duration: 4 rs. NONE.

“I wELLL0G -
| _ Formations From To
hear 0 7m

+ Nsw Pa
| 1SAND& GRAVEL 3-0
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|fates Wel Log and Ding Report Page of1

I [—L Ohio pet HartRootes
- wee #3 oer DivisonofWate, Phone 6143656740i AVnHS

a} WELL LOGAND DRILLING REPORT

Wet utr 10 ————
{orrGmar OWNERANDLOCATION
OrgiesOwner Name:LITTLEHOCKING WATER Lat Number:
County: WASHINGTON Tomship: BELPRE Section Number:
| nddrems corp 721
cur: Suen Zip Codes

| ecuion Naber Toceton MapYour: Ht LocumAres
L
CONSTRUCTIONDETAILS

| BoreholeDiameter Tow Depths7 DepthtoBedrock
iy Casing Diameter: 12in. Casing Thickness: Casing Length: 34fi

‘Well Use: Screen Length: DateofCompletion: 4/29/76

+ Aquifer Type: Driller's Name: LATNE-OHIO, COLS4
WELLTEST DETAILS

retmeiriin RR
SY wdown: 8i. “Test Duration: 2 hrs. NONE

- WELL LOG
.

Formations From To
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L

=

L
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n WELL INFORMATION - DRIFTWELLS

EL The layne Ohio Company
R | nr cour, We.

EE ar ee
witch aera PERT

= Nameof Job_Little Hocking Water &Sewer Date _ 12-20-85

a CityorVillage _ LittleHocking
- State _Ohio

g| WellNo.: BLU. S orilers: F._Webb & D. Colburn Rigi__45

1 — ye rs -
a Section Twp. Re c

Otherwise located as_AdjacenttoT.H.SandT.W.SA

.
WorkBegan: _12~3-85 ‘WorkCompleted: __12-12-85 WellDepthto Plug: 56"

mB aT, RS
ca rears

je 3s steel wn veledgmurom .

} or i ss steel wn veldedumsron LT
or pinstom .

erent Ton Cook
aot on om
15°' .375 $5.5. with Weldedjoint from 5 w_15

i; ro tte .
Toot soto Goon _5.5. Plate
ot ert

24" inch from 0 © 56"

orton .
[own
} aroun we oe rom B

_4ton x'xi/e" ParryGravel se 21
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WELL LoG
| Fest Fert Desciption

0 to 20 Brown clay

20 © 27 Brown sandy clay

27 © 37 Brown clay with coarse to fine sand

37 to 45 Medium to coarse sand and gravel with’sand fine sand

f 45 57 Medium to coarse sand and gravel

ny —_—
-_—

I - enn
! ©-—
el _—

_——
©A ——by -_—

er Tessin. r————————————————
by Wel Test Data: SateLevel 188";pumping evel31% tier 24 pours pumping _192___
ky Length of test brs. See Wel Tex Data Sheet Dated,

REmARKs:
qh 00

by -_—
| r———————————————————————

re——————rrm————
by

a
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1 yrs» WELL INFORMAT
ION=DRIFTWELLS

g !
Vo Be The layne Ohio Company

a EET
| is AT DRUG + ATER TREAT CQUPHENT

[i] LS + AEPUTS© ona cis (GSES

1 ‘Name of Job Little Hocking
Date _8/31/84

a GityorVillage Little Hocking
Sute _Ohio

i Well No.: TW-1 Drillers: __D. Havens
Rig:__SR_

1 — ww ote om

A sein To. ue CL oo

Oxbernie located si —A50% south of PW 43

9 OO 0

‘WorkBegan: __8/30/84 Work Completed: __ 8/30/84 WellDepthto Plug: __ 55"

RL Ne war =
cain ers

(mm on meme
50° 3" sch. 40 PVC with SCIEW_ joints from o____

wn J—— ee

wi J— -

Screen Record: Type slot .010 ee

J
st 3" .010 PVC with SCTEY joints from o___

i J .

Typeot Sut govom__BYC.

J—
nentom ©
ntrom ©

crm:

Lil Amount Size
‘Source.

From To

- 11008 #4 parry Gravel 58" 30°
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1 welt 106
fo fee Gratien
© w__5 Brown clay

" 5 to 10 Brown sandy clay

10 _ 15 Brown sandy clay, traces of uray clay
15 to 32 Brown sandy clay, layers of sand

32 to 53 Sand and gravel

n 53 to 57 Red shale, blue shale
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I! i WELLINFORMATION—DRIFTWELLS iE

4 " oo B- The layneOhio Company

TR
ry ATER WELLS+ LAY PUMPS»TEST DRILLINGWATER TREATHENT EQUIMENT

| 4821 Vulcan Avenue Columbus,Ohio43228 « (614) 876-1195

[INI  romeots_ Little Wockina owe __8/31/84
| Cityor viinge__ Little Hocking sue Ohio

| ®E  weino: __Tw-z orien: __D. Havens ng SR
I and fu__dotie am

Section Th Co cou
Overvie oonsan 5563 south of pw 3

[Hf  woreegm: 8/30/84 “Work Completed: _ 8/30/84 Well DepthtoPlog: __55*
A essere ade Tomesi round FAT imewllwirrl
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|4 (Am Dia. WiorThickeess Material

J s0 3 sch. 40 VC with Screw jomtiom ©
} with joints from to

TH with Joints from w

{ Saeen Rend: Type __S1ot 010 J -
TH Amon ow. Opening Mert
1 Cs 3" .010 BVC with Screw joints from ©

: with jointsfrom ©

“TH veosetnsonom__BvC
Vole Record:

n re ;
J inch trom ©
a
In Camm Sie Source From To
J 13004 i Parry Gravel ser 30
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I WELL INFORMATION - DRIFTWELLE

I go The layne Ohio Company
II” C—-— ownot

[ WATER SURELY SERVICES
i ATR WELLS « CE FONPS + TEST GRILLING + WATER TREATMENT EQUIPMENT

tv Arent + ConOHO IETS 1198

I Nameof ob__ Little Hocking Date 8/31/84

| Gityorvitage___ Little Hocking sute_Ohio

IW wene: TW-3 outs D. Havens g_SR
| wet Lot: ua ote an
( Seon Tom. Che _ Ga

| i Otherwise locatedas ___300" west of existing wells. Along edge of right-away

[ ee
| 0] WorkBegan: 8/28/84 - WorkCompleted: __8/28/84 WellDepthtoPlug:_55'

Fo IT By
i Casing Record:

I (a on mame ew
mn 50" 3" sch. 40 PVC in SCEEW jgintstrom ©

i wt fis tam -,
In with Joints from ©

} Screen Record: Type __ Slot #.010

i Amount Dia. Opening Material

; stan gold BC we emstem_o_
we ween e_

: Type Sata Botom_ BUC OO
Hole Record: -

1 — »
R— "

I J
Rg OC Amo see Source fom Es

11004 ET Parry Gravel 58" 30"

A . 000510



1
we os : ¢

| Feet. Feet
" Description -

| 0 © 5 Brown clay

) s w__30brownsandclay, traces ofaxavclav10'ssl

| “sowssadadamwa
Te essmuesmwe
=
1 to

®
lf ee

- OO

-
1 we —_ em

vi -—e-
-

I ee-
| ———-

veTegua: Sie owl 2:0: 1! pumping eve afer ___ hours pumping at _ opm

1 Length of test. tus. See Well Test Data Shicet Dated

neMARKs:
ye
-

-1
-

|
-

 __
i
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Gy> WELL INFORMATION = DRIFTWELLS

SE The layne Ohio Company
Lo Lamcwcirincompany we.ee 8eee

rn Teee0AI whTTSAP
Ee

Nameof sob__Little Hocking ome _8/31/84

GityorVilage__ Little Hocking Sue __Ohio

WelNoi ___TW-A_ pile D.Havens©mg_SR

er tain res rere eet
in tne con.
Otherwise locatedas _300"_west of existing wells along edge of right-away

couth of nell to. 3
WorkBegan: _ 8/20/84 WorkCompleted: __ 8/29/84 Well Depthto Plug: 54°errs ——ce?
on oo orien oc

Ly Cee 3 sans mc wesszes Weck .
—— o

_ wr maton o
oem oy _S1o% 1010 Fv
a on owes nein
5 3 .010 PVC with SCTE¥ joint from. ©

_ J. “
Test sets Soom

LY nem
ewe “

Ctrees

| 11008 | 4 Parry Gravel 58 30

IL 000512



- WELL LOG
Feet Feet. Description ‘

” 0 to 5 Brown Clay !

5w__10 Brownsamdyelay0000000000

! 10 w_ 15 Broun sandy clay, traces of eray clay
r 15 w__ 30 Brown sandy clay, trace of sand

| 30 _w__54 _sand and gravel

I 54 w__58 Blue shale
©

[ ©
I ©

©

©

f—_—

\-_0O

WelToone: Sutic Lov!18.6"pumpin _____ sher_ howspumpnon____ gam.
Leogthoftes___ hesSeeWelTemOsuSheeDned
REMARKS:

-— — )

000513



1

1 WELL INFORMATION = DRIFT WELLS

Bs The layne Ohio Company
1 ri ee
J WATER WELLS + LAYNE PUMPS + TEST ORILLING + WATER TREATMENT EQUIPMENToh Bos
<Nemeotsop_Little Hocking Sewer & Water ome 11/2/84

! Cityor Village __ Little Hocking Sute __Ohio

T Weine:__TW=5_ oriters:__D. Havens fig: Rotary

J wy worm J
a — com

Ld Otherwiselocatedas. 300' west of T.H. #3

“Work Began: __ 10/30/84 Work Completed: 10/30/84 well DepthtoPig:__56"AeanSATvim
TS
~ sia $0 PVC win joimutom »

wit piston w
wn eestom____to

Saeen Record: Type ___ Diedrich

7 Amount Dia. Opening Material

. 5 4 -010 PVC win joimstom ©

k with _____ jointstrom ©
! TypeofSealat Bottom PVC plug

_— -
! 77/8 ehtrom 0 . 50°

anton “
[cera

arom o sore rom
I 15008 1/8x1/4 Smith Concrete 30" 56"

I oc C514



Il
| wert tos
- Feet

Feet
Washed

Samples
Description

1 0 _w__28
Brown clay, stiff—_ SRS
d

—I 32 38 prom ssdy clay. soft
1 38 to 41 Gray

sand,
traces

of clay
(more

clay)

= 41 © 56 Sand
and gravel,

fine
sand

1 56 to 60 Gray
shale

© spoons
1 32 to 34 sand,

traces
of clay,

brown

37 to 38 Brown
sand,

traces
of clay

I 38 to 39 Gray
sand,

traces
of clay

| 39 to 42 Washed

- 42 wo __a4 sand and gravel
I: 42 to 47 Washed
) 47 _w_ 49 sand and aravel
I” 41 0__52

Washed
, Bo 3 mma el
SU vel Teon: Suc Let 18.8" pumsing eve stor ___ hours pumping at som

i Lenght tes be. SonWl Tet Dsta hes Oe,
| | REMARKS:

ee—
—
—
—
—

Ny ee
yg —_—

ee
o

_

o

Ny

i] 000515



r TET

Co = The layne Ohio Company
IET eere weaveHiron

- NameofJob_ Little. locking Sewer & Water Date __11/2/84

: Gityor Vilage _Little Hocking sue _Ohio

r Well No.: TW=6 Drillers: D. Havens Rig:_Rotary

— ia tore et
ET (Range C0 County.

- Otherwiselocated as __300' west of T.H. #4

- WorkBegan: __10/31/84 WorkCompleted: _10/31/84 Well DepthtoPlug: 56"RasSA cbtES —I
Tamm oa Wms ees
Fos ewe Le — “
o_o wn emtem_ w_

oo wit pinto w
SweenRecord: Type Diedrich

J
5a 010 Ee we pen w

vit joao w
TypeofSeal at Bottom PVC plug

ar.
7.1/8 inchfrom. 0 © 60°

tom w
J

C: Amount sie Sower From To
1500 1/6x1/4 smith Concrete 300 56°

000516



WELL LOG
: Feet Fen Desripion

0 w_16 Brown clay, stiff :

16 w_ 36 Brown sandy clay with traces of gray clay

36 w__42 sand and gravel (small)

42 w_ 56 sand, some small gravel (mostly sand)

56 w__60 Gray shale

©

©
©
©

msni————————————————————
©

. .

©

WellTex Outs: Stati Lovet 185° 3" pumping eve ater hourspumping at opm.
Length test rs. See Wall Test Data Sheet Date,
REMARKS:

’
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i Cy» WELL INFORMATION - DRIFTWELLS

ia The layne Ohio Company
Il crn ema vsaeWE pO
I. otns1weeer To—
I 4921Vukcan Avenue + Columbus,Ohio43228 «= (614) 876-1195.

| emorsw siete Hocking water & Sever owe 11-25-05
= Ciyorview_yittle Hocking Sue Ohio

L wanes s oe Teen TER —
enon pm a J

Lo secon Tun. hse i) County.
| oer 200-300" northuest of 7a 1

| Work Began: =19=] WorkCompleted: 11-] -85 WellDepthtoPlug: 56"L rerre wo__gpm
I Ame oe Worthen mei

53% 6" 40 P.V.C. with _glue joints from __ 51" wo _ 11"

win J w
weemwen_e____

Screen Record: Type ___Cook

wv
Se 00 Eve wn ita tm >
_ J >
Tyo Set Bove _.v.. can
ote Rn:

8% inch from 0 to 56"

ie tom o
tr
Arun 2 soe fom
600 bs. __#4 perry se 18

000518



r

WELL L0G .

0 o_ 8 wardbrownclay,5000lbs. B.D.
r 8 ©__18 —Med.tohardbrownsandy elay,0-1000P.D.

Tr 8 w_ 28 Soft sandybrownclay,0.0.
. 28 ©__38 —Sandysilt andsoftbrownclay,0P.D.

| an v__s6 sandandaravel,0B.
r 56 %©_  _Grayshale 000000

ermine ¥pmmmestregtri——————ate—————

r-—w

¢p —. -
| ttt meetseverestsemimrem—

yr —_—

6.

Length tet vs. Se Wall Test Data hese ted
REMARKS:

Bencollected watersamplesandvaterstaticlevels

—————————era ———— ee ———ee
—— eee—eesrE—ereeeemeee ——ee
cr ——eteeteregeteeeee een
———rr——eee————
-

000519



L274) Reynolds Supply, Inc.
: LEN COMPLETE MUNICIPAL& INDUSTRIAL WATER SYSTEMS

Uy FORMATION LOG OF WELL

SurtingOste 10/21/81finned1/2/87wenNumber TestHole10

uner LITTLE HOCKING WATER DISTRICT Location .

TOTAL DEPTH FonuaTion

Cs Top Soil and cla
Tow | 5 | cla :
le Is clay

ozo | 5.| ca
as 1 clay

25 - 30 [oc| coarsesand and gravel

To3s |51 coarse sand and Gravel
oho Fine sand and gravel

Jj. - ks Fo Fine sand and gravel i

3 0 5 ne sand dnd some gra

50-53 Sand and gravel -
5 [| sedroa

| 00520
Ce AMON somata weer



*. _.] Reynolds Supply, Inc. :
ERD COMPLETE MUNICIPAL& INDUSTRIAL WATER SYSTEMS

%y FORMATION LOG OF WELL

“aring Oate—10/22/87 Finished 10/22/87ell NumberTestbole11

Swner LITTLE HOCKING WATER DISTRICT|qcuton )

TOTAL OEPTH FORMATION

Lost andy: topsall and
soo 15| cay enna
dots [Ts| senay en i
5-20 Sandy clay
22s |g| sana clay
2, - 30 Sand (wet)
3 [5| Clean sand and araver
3-40 |5 | coarse clean sand and gravel

EH - us Coarse sand and gravel f -
ye Coarse sand and gravel
50 - 55 arse sand and gravel
5-60 Fine sand and gravel
0-6 Fine Sand :

L I ’

r 1

} . 000521
Ta Vater Lever J—



© i3iE) Reynolds Supply, Inc. .
TIRED COMPLETE MUNICIPAL & INDUSTRIAL WATER SYSTEMS

%Y FORMATION LOG OF WELL

“Starting Date 10/28/87 Finished 10/28/87 wellNumper TESTHOLE12

Guner LITTLEHOCKINGWATER DISTRNCT \guyion  v  .

=p— FonuATion

loose Top Soil
TS Sandy clay -

0-1 [5| sandy clay
“a0 | 5.| sedvelay
0 [a| vet sandy clay
25-30 | 5 | uetsaycloy
T0- [5| Coarse sand and gravel

“uo | ¢ | coarse sand and aravel
| Tei ra— I -

EE s Coarse sand and gravel i
0- [5| coarse sand and gravel

Css -59 Fine sand and gravel
5 | secdrom PR -

| 000522


