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EXECUTIVE SUMMARY
DuPont conducted a field investigation ofthe Little Hocking Water Association well field

in August 2002 in order to delineate ammonium perfluorooctanoate (C-8) concentrations
in soil andgroundwaternear atest well, TW-4. Groundwater sampled from TW-4 in

2002 showed a C-8 concentration range of 12.3 to 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

Departmentsof Environmental 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-8 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 migrationof C-§ 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 Assessment of 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 topofthe aquifer, within the silty.
clay, ranged from ND (<0.01 ug/L) to 78 ug/L, while C-8 concentrations at the
bottomofthe 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 well’s construction is likely compromised, possibly due to a
failed grout seal or to a failed well casing. Higher concentrations of C-8 measured
in this well (ranging from 12.3 to 37.1 ug/L) are likely attributed to shallow
‘groundwater that contains higher C-§ concentrations migrating downward into the
deeper monitoring zone or into the well itself, which could happenifthe grout
seal or the well casingwere to 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 bottomofthe sand and gravel aquifer through
the four production wells. The highest C-§ 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, acombination of
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waters from the production wells that is distributed to Little Hocking customers,
ranged from 1.69t0 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) of 240 mg/kg (WVDEP 2002). The
highest soil C-8 concentration measured is 170 ug/kg (0.170 mg/kg). Most results
for soil sampled below the water table are nondetectable.

Q Overall the very low concentrations of C-8 measured in the soils indicate that C-8
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-§ 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 pathwaysof C-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 facilityistransported via air emissionsbywind 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
levelsofC-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
Tower levelsof C-8, then enters the Little Hocking Water Association distribution
system.

Q This investigation as completed, combined with the overall understandingofC-8
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 Inorderto 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 fora period oftwo years.
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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. The
PWS sampling was performed under the directionof the 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 locationsof the 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)weresampled in December 2001. The C-8 concentrations measured in the
production wells ranged from 0.844 t0 7.66 ug/L. To better understand the distribution of
C-8 in the Little Hocking well field, a more extensive sampling event was conducted in
January 2002, that included the sampling of finished 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-§
in finished water and booster station sampling points ranged from 1.69 to 1.94 ug/L. The
C-§ concentrations measured for the production wells ranged from 0.744 10 6.22 ug/L.
‘The C-8 results for nineofthe ten test wells ranged from 0.364 to 4.48 ug/L. In test well
4 (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 elevated result at
TW-4 compared to the surrounding wells, the Ohio Environmental Protection Agency
(OEPA) requested that DuPont conduct a focused field investigation to delincate C-8
concentrations in soil and groundwater near TW-4.
Tn 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
Q Continuously monitored geologic information during the advancement of the ten

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

depths within the temporary borings

Sieport Aer 17.03 1Winingon, OF 000307
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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 Assessmentof Toxicity Team (CATT), was assembled as required by the
Consent Order to establish human health protective screening criteria for water (water C-
8 SL) andfor 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 water
C-8 SL at 150 ug/L and the soil C-8 SL at 240 mg/kg (WVDEP, 2002).

Following the completionofthe field activities at Little Hocking, groundwater samples
‘were analyzed to measure C-8 concentrations. C-8 analytical results for groundwater
‘were then compared to the CATT-established water C-8 SL. In August 2002, an
analytical method for measuring C-8 in soils was still under development; therefore, soils
‘sampled during the investigation were placed on-hold in a secure manner. The method
development was completed in February 2003. C-8 analytical resultsfor soils were
finalized 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 with
geologic data available from Little Hocking Water Association and with geological data
obtained from the temporary borings. A site conceptual model was then developed.

‘Thisreport documents the field investigation activities and the resultsofthe
investigation. In this report, the following sectionsare 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)
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2.0 ENVIRONMENTAL SETTING

21 Geology
‘The Little Hocking well field is located in the Ohio River Valley and consists of
Quatemary alluvial sediments that overly the Permian-aged Dunkard Group. The two
predominant faciesof the Ohio River alluvium that have been identified in this area
include coarse-grained Ohio River Alluvium (Pleistocene-aged glacial outwashdeposits)
and fine-grained Ohio River Alluvium [Holocene overbank deposits (Simard, 1989).
‘The Pleistocene deposits consist primarily of coarse-grained sand and gravel while the
Holocene deposits consist primarilyofinterbedded and laminated silt, clay and fine-
grained sand. The Dunkard Group (bedrock)consistsprimarilyofred and varicolored
sandy shale; gray, green and brown sandstone; gray and light-gray siltstone; and minor
‘bedsofcoal, claystone, black carbonaceous shale and limestone.

‘The faciesofthe Ohio River Alluvium formed in response to the glacial advances and
retreatsofthe pre-, early- and late-Wisconsinan and were deposited as successive phases
ofaggradation and degradation ofriver valley alluvial materials. Thecoarse-grained
Pleistocene 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 cyclesofthe Pleistocene, theglacial
outwash sediments were partially removed, re-worked and then redeposited to a lower
elevation than the previous cycle, thus forming a terrace. This process formed a series of
Pleistocene-aged terrace surfaces within the Ohio River Valley. These surfaces were
designated (youngest to oldest) as S4, S5, and S6 by Simard. With each‘subsequent
degredation/aggradation cycle, additional fines were incorporated into the Pleistocene
deposits due to continual influx of finer-grained fluvial sediments from tributariesof the
Ohio River. As a result, the Pleistocene deposits become more ‘highly re-worked and
progressively finer-grained toward the centeroftheriver valley, particularly in locations
downstreamofsignificant tributaries (Simard, 1989). The total thickness ofPleistocene
sediments at Washington Bottom (located immediately south across the Ohio River from
Little Hocking in West Virginia) ranges from about 80 feet beneath thehighest
Pleistocene terrace surfaces to about 15 feet beneath the current channel of the Ohio
River.

‘The Pleistocene alluvial deposits are overlain by the finer-grained Holocene sediments.
‘The silts, clays, and fine sands were deposited on the surface ofthe Pleistocene terraces
as well as on a series ofmore recent floodplains, which formed in the centerofthe Ohio
River Valley during the Holocene. The thicknessofthe Holocene sedimentstypically
ranges from 5 to 15 feet over the Pleistocene terrace surfaces and 25 to 35 feet over the
Holocene floodplains. Simard designated the Holocene floodplain surfaces as S1 through
$3 and the modern floodplain of the Ohio River as S0. Figure 4, modified from Simard
(1989), is a block diagram and idealized cross-section through the Ohio Rivervalley
depicting the complex set of Pleistocene terraces and Holocene floodplains which have
formed in th valey.

Smee
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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 centerofthe river valley.
‘The alluvial terrace deposits are underlain by a flat, river-scoured bedrock surfaceof the
Dunkard Group that rises steeply and forms the valley walls to the NorthofLittle
Hocking Water Association and to the southof the Washington Works facility (Figure 1).

2.2 Hydrogeology

Groundwater supplies in the region are obtained from the Dunkard Group bedrock and
Ohio River alluvial terrace deposits. However, 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 (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
10 the surfaceofthe underlying Dunkard Group bedrock. Numerous pumping tests have
been completed in the alluvial aquifer in the Washington Bottom areaaspartofwater
supply investigations. The hydraulic conductivityofthe alluvial aquifer in the area
typically ranges from 100 to 300 f/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 5 fd (Kozar and Mathes,
2001).
Natural recharge to the alluvial aquifer comes from various sources, including:

Q Infiltration ofprecipitation falling directly on the alluvium
Q Lateral movementofthe river water through the alluvium
Q Seepage from stream tributaries that discharge to the Ohio River
Q Surface run-offfrom the outcrop areas of the Dunkard Group, which form stecp

slopes adjacent to the uppermost Pleistocene terrace.

stem ror — — aWimingon.
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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-8.
concentrations in groundwater near thi test well. This sampling plan was developed with
assistance from the OEPA and was submitted to and approved by the OEPA in carly
August 2002 (DuPont, 2002a). 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 each segment,
soil and groundwater or only groundwater were sampled from the temporary borings.
Figure 5 shows the locations of the two borings where soil andgroundwaterwere
sampled and the locations of the eight borings whereonlygroundwater was sampled. In
two borings where soil andgroundwater were sampled, sampling was planned at the
following depths from ground surface.

Q Soil

«atthe surface
«at 5-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 50 to 55 feet below grade)
at the geologic interfaces

Q 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 feet below grade).
+ atthe geologic interfaces

At all 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.
‘bottomofthe sand and gravel aquifer (estimated at 50 to 55 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.

TeenpesWiniogon, OF .
000311
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40 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 Litle Hocking Water Association Well
Field (DuPont, 20024). Appendix A provides information on C-8 analytical reporting

4.1 C-8 in Groundwater from Temporary Borings
Groundwater sampled at various depths from the ten temporary borings was analyzed for
C8. Table 1 presents the C-8 results for the groundwater samples. The first partofthe.
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.c. LHWAN is boring LHWAN-1; see
Figure 6 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, samples were collected 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 (stabilizationof 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-§ 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 SLof 150 ug/L. In general, C-8
concentrations are higher at the fist water encountered than at greater depths within the
aquifer or atthe bottomof the 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 Litle Hocking.

42 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
bottomof Table 2 are data from finished water and booster station sampling points
‘Theseare samplesof the water that is being distributed to Little Hocking Water
Association customers. Finished water was inadvertently not sampled during the well

Tor ros — 5
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field sampling. Table 2 also provides data from the 4Q02 and the 1Q03 PWS sampling
events in which thefour production wells, TW-4 and finished waterwere sampled.
During the well sampling and PWS sampling, allof the 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 rangeofC-8 measured at each production and test well using all the
data for each well summarized in Table 2. The highest concentrationof C-8 measured in
a production or test well, excluding TW-4, was 8.58 ug/L.

C-8 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 0 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 provides the pH data for the groundwater sampled collected from the production
and test wells. The pH measured for all production and test wells, exceptforTW-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 comparisonofgroundwater analytical
results between TW-4 and Well #2, oneofthe four production wells, also shows that
‘TW-4 has approximatelytwiceas much calcium and three times as much iron and
aluminum than Well #2 (OEPA, 2002).

Field activities show that a three-inch pump that fits in the upper portion of the 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 bottomofthe well. This observation
indicates that the PVC pipe is not completely straight. A bent PVC pipe may indicate a
problem with the joint between lengthsofPVC pipe that could allow grout contamination
into the well. Furthermore, particlesof acrusty, 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 frequentlya milky to grayish color.

‘The consistently high pH values, water chemistry, and other field observations from this
‘well likely indicate the integrityofthe well is compromised, most likely bya failed grout
‘sealor a failed well casing related to the bend in the PVC pipe. A failed grout sealor 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, it is likely that samplesofgroundwater from this well are not representative of
typical conditions within the deeper portionsofthe sand and gravel aquifer.

FE
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‘The distributionofC-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
stage is also presented in this table.
Figure § presents the groundwater elevation contour mapofthe Little Hocking well field
for August 21, 2002. The pumping ofthe production wells results in the development of
a coneofdepression surrounding the production wells with groundwater flowing towards
the production wells from all directions. Becavse the four production wells are cycled on
and off, the coneofdepression shift 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-§ in soil and groundwater at the Little Hocking well field.

Uisieport Apr 17.03 — 8Wining, 08 000314
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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 employedfor the
groundwater samples. The first partofthe sample name indicates the investigation and
thesample type (WWO-S; Washington Works, Ohio, soil. The second partofthe
sample name indicates from which temporary boring the sample was collected (i.c.
LHWASW!1 is boring LHWASW-1). The third partof the sample name indicates the
depth below ground surface where the sample was collected. The Comments column, on
the far right, provides abriefdescriptionofthe sample.
‘The C-8 concentrations measured from the two borings ranged from ND (<2 ughkg) to
170 ug/g in LEWASW-1 and from ND to 110 ug/kg in LHWANW-1 (Figure 9). In
general, the concentrationsofC-§ measured decreases with sampling depth in bothof the
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 ugg) 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-8 in soil and
‘groundwater at the Little Hocking Water Association well field.

Ay 7.03 0003S 5
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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 comprisedof three lithological units (from ground surface
downward):

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

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

Q Dunkard Group bedrock (shale)

‘The composition of the Holocene overbank deposits is variable. In the westem partof the
‘well field, silty clay andclayare observed, while in the eastem portion sand and clay
and/orsandyclay 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 compositionof the sand and gravel unit is also
variable, consisting of sand, sand and gravel, silty sand, andclayey 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
consists ofred and blue shale, red clay and 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 cone of depression 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 conductivityof thealluvial aquifer in the area
typically ranges from 100 to 300 ft./day. Becauseofthe high hydraulic conductivity, it is
likely that the cone ofdepression shifts its position rapidly with the cycling on and off of
the four production wells. Ohio River stage, 582.24 ft mean sea level, is higher than in
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‘Sampiog Investigation Resuts Site Conceptual Model

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 Worksfacilityas partofthe
RFI report for Washington Works (DuPont, 1999). The Consent Order 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 confirm that off-site
‘migrationof C-8 impacted groundwater is not occurring. To meet these requirements,
refinementof the groundwater modeling work was completed with input, guidance, and
critical review from the United States Geological Survey, the USACOE, the West
Virginia DepartmentofHealth 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 migrationof 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 intwo phases, a vapor
phase, and a particulate phase. In May 2002, additional control equipment was installed
at the facilityto reduce C-§ emissions. There has been approximatelya 65 percent
decrease in total C-$ air emissions since the installationof 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 ield 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 downwind ofthe 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 the vapor and 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.c. 0-1 foot depth) sampled during this investigation
were 110 ug/kgand 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-§ measured at the surface (sce LHWAN-1 and LHWASW-1 in

Gren or 7.03 ~ a
000317



‘Sampling vestatin Resuts Site Conceptual Model

Figure 11). The low permeabilityofthe upper silty clay likely slows the rate of
downward migrationofprecipitation. In addition, the rate and directionofmigration ofprecipitation likely changes with the different lithologies encountered in the Holocene
overbank deposits. For example, precipitation might migrate slowly downward through
the silty clay 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-§ at 78 ug/L). In addition, the rateofprecipitation
and the levelofthe water table likely have some control over the rateofmigration 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 concentrationsof C-8 in groundwater at the topofthe water table are higher than the
concentrationof C-8 just below a 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. Altemativly, these data also
‘may reflect the increased permeability in the sand and gravel compared to the silty clay.
‘The C-8 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.. positionofthe well
screens) is somewhat variable and does not seem to show a trend with groundwater flow
direction towards the pumping wells. Table2 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 to 8.59 ug/L). Because the four production wells ar cycled on andoffand the
C8 concentrations measured in the ells are not the same, the C-8 concentration in the
finished water isvariable. Table 2 shows the concentrationof C-8 in finished water has

rangedfrom 1.6910 4.29ug/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 unsaturatedzone 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-§ 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 at the Little Hocking Water Association well fieldandother
data available, the following conclusions can be made:

Q All groundwater results are below the C-§ Assessmentof Toxicity Team (CATT)
established human health protective screening criteria for water (water C-8 SL;
WVDEP 2002) of 150 ug/L.

Q The C8 concentrations in groundwater decreased with depth within the aquifer.
‘The C-8 concentrations in groundwater at the topofthe aquifer, within the silty.
clay, ranged from ND (<0.01 ug/L) to 78 ug/L, while C-8 concentrations at the.
bottomofthe 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 wellsconstruction is likely compromised, possibly due to a
failed grout sealor to a failed well casing. Higher concentrationsof C-8 measured
in this well (ranging from 12.3 to 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 happenifthe grout
seal or the well casing were to have failed. C-8 concentrations measured in this
well are not likely to be truly representativeofthe deep aquifer.

Q Drinking water is pumped from the bottomof thesand and gravelaquifer through
the four production wells. The highest C-§ concentration measured in the four
production wells was 8.58 ug/L, significantly lower than the human health
protective water C-§ SL. The C-8 results for finished water, a combination of
waters from the production wells that is distributed to Little Hocking customers,
ranged from 1.69 to 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/kg). Most results
for soil sampled below the water table are nondetectable.

Q Overall, the very low concentrations of C-8 measured in the soils indicate that C-8
does not readily adsorb to soil, especially soils below the water table.

Q C-§ 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 pathwaysof C-8 from the Washington
Works facility and within the Little Hocking Water Association well field.

Sor 207.08 3Wimingon
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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
levelsofC-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 understandingofC-8
‘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.
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Table 2
C-81n Production and Test Wells
Lite Hocking Water Association

‘Washingon County, Ohio
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Table2
G-8 in Production and Test Wels
Litt Hocking Water Association

Washingon County, Ohio.
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Table3
Groundwater Elevaion Data for Production and Test Wells August 2002

Litt HockingWaterAssociaton
Washingion County, Ohio
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C-8 Analysis of Water

In October 2001, a new analytical method for analysisof C-8 in water was developed and testedby Exygen Research, Inc. (Exygen; located in State College, PA). This laboratory utilizes Liquid
Chromatography Tandem Mass Spectrometry (LC/MS/MS). DuPont adopted the regular use ofLC/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.

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

QIfone 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 Ifboth results are at least five times the PQL, the replicate is considered to have met
the criteria ifthe 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 averageofthe field
sample and laboratory replicate results reported by the laboratory.Ifcriteria for precision are:
exceeded, Exygen 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 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 aliquot ofcach field sample is also analyzed as a matrix spike (MS). Resultsof 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 laboratory
Standard Operating Procedures (SOP) and data usability, using the checklist provided in the
Quality Assurance Project Plan (DuPont 20023). 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 beenjudged usable for the purposesof the project. A subsetof the data packages generated by Exygen
have been submitted to Environmental Standards, Inc (ESI) in Valley Forge, Pennsylvania,foran
independent (i.¢., third-party) quality assurance review. Resultsofthe quality assurance reviewwill be provided when available.

Roped A 000342 Page 1



C-8 Analysis of Soil

‘The laboratory performing analysisofsoil samples and associated field blanks is Severn-TrentLaboratories, Inc., Arvada, Colorado (STL-Denver).
STL-Denver analyzes samples for C-§ according to a laboratory standard operating procedure(SOP), DEN-LC-0012A. Each sample is tested unspiked, in duplicate (lab replicate), and spikedwith C-8, using LC/MS/MS.
STL-Denver reports C-8 results for the laboratory replicateofcach sample. These results areevaluated for precision by comparing the sample result to the corresponding laboratory replicateresult.

Q Ifboth results are less than the practical quantitation limit (PQL), the replicate samplefor 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 isconsidered to have met the precision criteriaif the two results differ by less than thePQL.
Q Ifone result is less than thePQLand the other is not, andifthe two results differed bya 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 metthe criteria ifthe relative percent difference (RPD) between the two results is less thanor equal to 20%. The RPD is the absolute valueofthe differenceoftwo

measurements divided by their average.
‘When the precision criteria outlined above are met, STL-Denver reports the averageofthesample and lab replicate results. If criteria for precision are exceeded, STL-Denver reports thehigherof the sample and lab replicate results. Finally, when one result (from the sample/labreplicate pair) is above the PQL and one below, the result that is above the PQL i reported. C-8results are currently recorded in DuPont's Corporate Environmental Database (CED) and arereported as FC-143 for consistency with historical results
An aliquotof each field sample is also analyzed as a matrix spike (MS). Resultsofthe MSanalysis 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-Denver are reviewed in-house for compliance with thelaboratory Standard Operating Procedures (SOP) and data usability. Resultsofthe in-housereview indicate that data reported by STL-Denver have been generated in compliance with thelaboratory SOP. All data reported by STL-Denver have been judged usable for the purposes ofthe project. A subsetofthe data packages generated by STL-Denver have been submitted toEnvironmental Standards, Inc (ESI) in Valley Forge, Pennsylvania, for an independent (i.c.,third-party) quality assurance review. Resultsofthe quality assurance review will be providedwhen 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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«WellLogand Drilling Report
Page lof 1”

wen # | EEREDivisionofWater
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z
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WELLLOG AND DRILLINGREPORT.
y

iam959 I
1

RIGINALOWNERANDLOCATION
i
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omnsbip: DELPRE Section Number:

adress:
»
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ONSTRUCTION DETAILS
orcholeDlameer:
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Fraer ‘Well Log and Drilling Report Page 10f1

1 xT Water WellLog ndDringReport
OhioDepsrtment ofNatural Resources

wer Divisionof Wale
i Phone: 614-265-6740

cnsil:lvebrown@ sacob.us
i WistrHome:bit:awe darss ohwheter

A WELLLOGAND DRILLINGREPORT

ett unr: 555 S———
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1 SAND& GRAVEL ne

C 000361
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ol ‘WellLogandDrillingReport
Page 1 of1

ol WaceWel Log ndDin Report
OleDeparment ofNetra Resorts

wee #3 Divison of Wate
ol

Phone: 614-265-6740
cn clev browniessachsWate Home:bp darste ohsss

ol WELLLOGAND DRILLING REPORT
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BoreholeDiameter: TotlDepts S74. DepthtoBedrock:
WlCagDameters 1210. CutogTica CutagLong 45.
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WELLTEST DETAILS
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of WELL LOG
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4
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WeLL Log
/ Feat Feet Oecription

0 to 20 Brown clay

20 to 27 Brown sandy clay

27 to 37 Brown clay with coarse to fine sand

37 to 45 Medium to coarse sand and gravel with’sapdf: ne sand

I 45 ©o__5] Medium to coarse sand and gravel
| -weno
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Gyry WELL INFORMATION = DRIFT WELLS0 4
oe The layne Ohio Company

0 WATERSUPPLY SERVICESee
Tr VEL © IE Fo OA « WATER TERT COUNT

0 omen memes
Name ofJob Little Hocking Date _8/31/84

Hl ity or Village Little Hocking sate _Ohio

gee ome bmi wr _sn
oemwi_etwe_ me
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Otherwise locatedss 356%southofPW$3
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i WELL 10G |

. ar - oman
0 to S Brown clay

" " 5 to 10 Brown sandy clay

10 w_ 15 brown sandy clay, traces of aray clay
15 w__32 brown sandy clav, lovers of sand

+] 32 to 53 Sand and gravel

53 w_ 57 med shale, blue shale
w -

w

Well Test Data: Static Level 7";pumping level. afer hours pumpir pn| Tego Snot 12.2 persis J ws
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L B- The layne Ohio Company
B - pio

[ Lac cour, we
WATER SUPPLY SERVICES

[Bl WATER WELLS * LAYNE PUMPS * TEST DRILLING o WATER TREATMENT EQUIPMENT

[| - 4921VulcanAvenue + Columbus,Ohio43228 - (614) 876-1195
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I ee :
Fee Feet Description

I 9 w__S Brown clay

| 5 w__30 Brown sandy clay, layers of sand

i 30 w__55 Sand and gravel

| 55 w__ 58 Red shale and blue shale
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[ WELL INFORMATION = DRIET WELLS

[ Bs The layne Ohio Company
I} . «bwinotavr coum, we
| WATER SUPPLYSERVICESme
ll WATER WELLS + LAYNE PUMPS + TEST DRILLING + WATER TREATWENT EQUIPMENT
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Feet Feet Description -

I 0 to 5 Brown clay +

5 t_ 30 Brown sand clay, traces of gray clay 10' = 15t

| __30 w_55 sandandgravel

( __55 w__58  Blueshale

- e

y ——m———————————
ee

oe
-——

wo___..

WW —r—
eo ——

yo —
ee
oe
ee—————————

I l Well Test Data: StaticLevel 3-0-1"_;pumping level after hours pumpingat _ gpm.

ere Rel..f mmm HAEres _
| | Lengthoftest hes.See Well TestData Sheet Dated,

REMARKS:
I

.
I-
Ny —

rr———————
EE
———,,—rr——

NW _-  __
I 000370



y ma
"GD WELLINFORMATION = DRIFT WELLS ¥

Ys The layne Ohio Company
Lc Lacwarimsour, we

WATER SUPPLY SERVICESmee
q men WELLS + UAE FUNPS » TEST DRILLING.» WATER TREATHENT EQUIPMENT

tv A+ ClonONo4730 (61018761195

N Nameof Job__ Little Hocking
Date _8/31/84

Gityor vite_Little Hocking ute Ohio

N WellNo: Tw-4 Dies: __D. Havens Rig:___SR

wi Locator wd ote Jr—

oq ‘Section. Tw. (____). Range J) County.

Otherwiselocated 3s _300"_west of existing wells along edge of right-awa

Lm —
HN WorkBegan: _8/29/84 Work Completed: _8/29/84__ Well Depthto Plug:__ 54"

erdE rom iting rou Fe tnewel we rl,
Cuing Ror ;

5 Amount Dia WoorTHcos Mah
54 _3% sch. 0 _BVC_ wihgcrew  jnstom .

n vor ston .
i with ois tom -

Svenfens: Type_Slot $010 PVC

BH ion on Opening Me
5 3" .010 PVC \nSCEEY join fiom »

LI wr ten .
Type of Sut at Bottom _BVC _
Vol Recor

tem ©
ten »

Horns
[8 Amount Size. Source From To

1 008 __sa Parry Gravel s8 30

T 00037

PL



{ .

WELL L0G :
Feet Fear Ouiripion
© w__ 5 Brown Clay :
5 w__ 10 Brown sandy clay

. 10 w__ 15 Brown sandy clay, traces of aray clay
, 15 ©__ 30 Brown sandy clay, trace of sand
L 30 w__ 54 Sand and gravel
L 54 _©__58 Blue shale—54w__58 mlueshale0000

©_—
OO| © —

© .EE
._—

| © _—
©_—

| ©_—
©

_—
| 000

WellTesOna: Stati Lovl_1@a.10"_; purpio eve, ater hourspumping at. som
| torsnotsen Pe Se WelTos Duta She De,

REMARKS:

-_—
_—
_—
_—
-_—
_———

— ~ — )EE

600372
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4 WELL INFORMATION-DFT WELLS !

ie The layne Ohio Company
WATER SUPPLY SERVICESme

Jd WATER WELLS  LAYNE PUMPS » TEST DRILLING * WATER TREATMENT EQUIPMENTA Bo
| temeotne Little Hooking Sever & Water owe 11/2/84

City or Villsge__ Little Hocking Swte __Ohio

J Wine: TW-5 odie ___D. Havens Rig:_Rotary

serie rea ote ant
de rem cnn
1 Otherwise located as. 300' west of T.H. #3

1 Work Began: __ 10/30/84 WorkCompleted: __10/30/84 ‘WellDepthtoPlug:_ 56"aSTiresmo onSATAN =Cirras
er

& ww. i 0 PVC with jintstrom ©
1 I .
1 with jim trom ©

‘Screen Record: Type. Diedrich

I am oa [ER —
5* 4 +010 PVC with _____joints from -

] I .
1 Typeof Seal at Bottom PVC plug

ers :
1 77/8 nchtiom o w BO

ton “
I crn
IC Amount Size ‘Source: From To

15004 1/8x1/4 Smith Concrete 30 56"

I 000373



4
1 WELL LOG

Feet ice Washed Samples Deen
I 0 w__28 Brown clay, stiff

28 to__32 Brown sandy clay :

4 32 30 brow sandy olay. sos
38 w__ 41 Gray sand, traces of clay (more clay)

1 41 w__56 Sand and gravel, fine sand

1 56 _w_ 60 Gray shale

© spoons

4 32 w_ 34 Sand, traces of clay, brown

37 _w__ 38 Brown sand, traces of clay

1 38 w__39 Gray sand, traces of clay

1 39 w__ 42 Washed

42 w__44 sand and gravel

1 42 to__47 Washed
47 w__49 sand and gravel

1 47 _o__52 Washed

5.36 Gia Te

§ Lengthof test hes. See Well Test Data Sheet Dated,

0 REMARKS:

——eeeeA————————eereet

Rg
ro———————————————eeeee ———eSE——————

Fy —
—————————————7"————————emeee

FE —
1 FE —————

1 000374



; WELL IromuATION = DRIFTWELLS oh

Co = The layne Ohio Company
2 ACES cour, WeWATER SUPPLY SERVICESmm‘ WATER WELLS + LAYNE PUMPS + TEST DRILLING » WATER TREATMENT EQUIPHENT
J 1621 Vuk Avr Colin,ON 43228 + 610) 761195

1 Nameof ob___ Little. bcking Sewer & Water Date __ 11/2/84

d Gyorvike_ILittle Hocking sw_ohio
WallNo: __TW=-_ orile:__D. Havens nig_Rotary

= Well Location: amd fti___dofthe cornerof

sein Tn, Romie «0 Counny.
Otherwiselocated ss __300' west of T.H. #4

WorkBegan: 10/31/84 WorkCompleted: 10/31/84 wellDepthtoPlog:__56"~ Aessenad rom existing rou ia at tawel was Ged.
Casing Record !

(Am ve Weim ew
° 51 a 40 PVC win jeinstrom ©
- with ____ joins from ©

with _____ joirs trom ©
= ‘Screen Record: Type Diedrich

Amowt Di. Opening Mater
st 4 .010 PVC wih joiotstrom .

- with ___ jintstrom ©
TypeofSealat Bottom_ PVC plug

Hols Record:
1.7/8 inch from 0 to 60"

inch from. ©
Gove Pack Record:

Camo Sie Sour from To
1500 1/8x1/4 Smith Concrete 30" 56"

000375
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|

| WELL LOG
Feet Feet Description

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

©

©

©

©
©

©

WollTet uta: SticLvl 18" 3"; pumping lve ster hourspumpingat apm.

Lengthoftest rs.See Well TestDataSheet Dated,

REMARKS:

)

000376



ATT Te
1 i : :

1G» WELL INFORMATION - DRIFT WELLS :
Bs. The layne Ohio Company

I eSSINR tvsSOI rT —_— ECm—aaon eins
| ers sate tocktng nates & sever owe 1128-85

Ciyorvile_yrittle Hocking swe ohio
I werner EE r_notary

a — yma get, cree
J notoem — com
crm SG Tl

i Work Compt 11-19-85 wettest: 351om som ro ALES weSe
rom Oa Werth wi
53% ud 40 B.V.C. _ with _glue joints from _ S1' w_ 11"

—_— wememe
ptm w

sent Tom_coo
rn On, pn wa

© se ow vc we pisses “
—_— wh emstem_ ow

© Typeof SealatBottom _P,V.C. cap _—_—

dram
: 8% inchfrom 0 to 56"

. wit “
Grete ee

Aron " sour om ”
600 bs. 4s Perry 56° LY



wet os
feu fee Descriion
0 to 8 Hard brown clay, 5000 lbs. P.D.

8 to 18 Med. to hard brown sandy clay, 0-1000 P.D.

18 © 28 oft sandy brown cla 0 P.D.

28 o__38 sandy silt and soft brown clay, 0 P.D.
4a o__s6 Sand and gravel, 0 ».n.
ww Grav shale

-
! © _ EE _ _

| ee
| © _—

i — eee ———————————————
i
—Aee——————————————————————=

_ _

Vo sommes: summit aint sir... ssssimsingn som
[ee He. SesWell esDtShes Oe,

newARKs:
r BEN collected water samples and water static levels

r P.D. = Pull Down on drill bit

r 000378



Li Reynolds Supply, Inc.
Fagin ‘COMPLETE MUNICIPAL& INDUSTRIAL WATER SYSTEMS
ha 2 FORMATION LOG OF WELL

surtiogOate—0/20/87 finsheq 10/21/80NymberTestHole10

Ouner LITTLE HOCKING WATER DISTRICT |ocuion .

ToTAL oEPTH FORMATION
PE Top Soil and cla
5-10 [soa

Zo [sola
520 |5.| clay

Comes IT oy
25-30 [5| coarse sand and graves
Sos Coarse sand and Gravel
i= ko [51 Fine sand and raver -

_bo_- us Fine sand and gravel :Is ne sand dnd sone gra
50-5 Sand and gravel
8 [7 eearoa

"Stic Water Level—_—-—ee OewDown



i i) Reynolds Supply, Inc.RD COMPLETEMUNICIPAL & INDUSTRIALWATERSYSTEMS
%y FORMATION LOG OF WELL

“tarting Date10/27/87Finished 10/22/82weil NumberTest Hole 11 -

Swner LITTLE HOCKING ATER DISTRICT {cation ._LITILEHOCKING VATERDisTRICT _—

CosaIos |G
So rite and 1a

Jos [5| sandy erm
5-20 Sandy clay
2-25 [eT sandy ctay
2, - 30 sand (vet)
3 = [51 Clean sand and gravesIs ter a
wo us 5 Coarse sand and gravel } :
4 50 5 Coarse sand and gravel
0-55 [5 Coarse sand and gravel -
5 6 Fine sand and gravel
60-6: [31 Fine sand
= LT hedrock - rea cra

= [— i :

r a
[1 660380

Bowell omwoew



(i) Reynolds Supply, Inc.
FER COMPLETE MUNICIPAL & INDUSTRIAL WATER SYSTEMS

yy FORMATION LOG OF WELL

Starting Date 10/2878, Finished 10/28/80jun mor TESTHOLE 12
Owner _LUTILE HOCKING WATER DISTRICT (oepion .

Tos sr Top Soil
cto | 5s | sendy clay

o- Sandy clay
Soo | 5.| sensei

0-25 |5 | vet sandy clay
25-30 | 5 | Wet sandy clay
To [5s| Coarse sand and gravel

“wo || coarse sand and areverTe me aan -Tw osrse sand and gravel :
0 [5| coarse sand sng gravel

csso59 |00 Fine sand and gravel
5 1 oedrou .

: 1] —

I. — - :

I

! |

I” 1
1 000381
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