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RUURIRE

consutants in envuonmental manaqement

September 17, 1985

Mr, Jawmes Wright

Lord Corporation

2000 W. Grandview Blvd,
Erie, PA 16512

RE: . Hydrogeologlc Summary Report, Shope's lLandfill
Dear Mr, Wright:

We are pleased to submit the final copy of the Hydrogeologic Summary Report for
Shope's Landfill, This report describes the hydrogeologic conditiona of the
site with a particular emphasis on contaminant migration based upon existing
and newly conducted hydrogeologic data, 7

A significant finding that has been reported herein is that several of the newly
constructed deep wells including W-3C, W-12C, and W-20C appear to contain low
levels of contaminants. However, due to hydrogeologic con s of the zone in
which these wells are screened, it is believed that theg?gparen; contamination

in these wells is a function of the well construction r an evidence of
actual contamination in the deep groundwater zone, As described in the report,

the aquitard overlying the deep wells represents a significant confining bed

and should control vertical migration of the plume. On this basis, we recommended
that a lithium tracer test be conducted to determine whether or not downward leak-
age through thia well annulus is occurring. -

A lithium tracer test was performed by Lord on deep well W-20C subsequent to prep-
aration of this report. The adjacent intermediate well, W-20B, was purged to
dryness and then charged with a 5 percent LiCl solution. Water was then pumped
from well W-20C, Groups of four replicate samples were collected at various times,
between which the well was continuously pumped. Samples were collected as repli-
cates to identify any natural variability that may be present. The analysis of

the data indicates that the levels of lithium in well ¥-20C increased to levels
significantly above background levels during the purging cycle after the shallower
adjacent well was charged with lithium, This confismi that downward leakage
through the annular well seal i?;ffusing)xhisfhppargg, contamination in the deep
one.. . A ot 4K A En e/

The data are presented as follovs: \

e i AR300003
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Mr. James Wright
Page 2
September 17, 1985

Total Volume Purged (gal) No. of Samples Lithium (mg/1)

Background 0.020 = ,002
5 0.020 2 ,002
10 0.020 * .002
15 0.070 * .001
20 0.180 1 .004

The deep wells in which this apparent annular leakage has occurred have been

constructed in accordance with standard monitoring well installation practices,

However, unusually difficult hydrogeologic conditions, including high downward

hydraulic gradient coupled with the low well ylelds in the relatively impermeable

deep zone, have created a situation in which very small amounts of contaminant

leakage downward through the well seal cap have shown up as measurable levels in
\.“;these deep wells,

i .
& ;y'we are also in the process of evaluating the effectiveness of the remedial measures
\Bﬂ,..ipplemented at the Shope's Landfill, Thus far our evaluation indicates that the
24 plan's effectiveness coincides remarkably well with the predictions which accom-
| panied its design. Water levels beneath the capped landfill have declined very
nearly as predicted in the September 1982 "Flow Net Analysis of the Subsurface
Cutoff Wall and Impervious Cap" report, Moreover, this decline has occurred in
spite of the fact that groundwater levels outside the capped area are generally
higher than the July 1981 levels upon which the flow net analysis was based., For
example, water levels beneath the cap have declined from 2 to 3% feet while outside,
the cap water levels have generally risen 1% to 3 feet. -

As a result of this general decline in groundwater levels, the extent to which the
groundwater table intersects the base of the waste is significantly less than it
was prior to implementation of the remedial plan., As you will recall, the pre-
remedial plan waste/groundwater table intersection was presented in Figure 1 of
the September 1981 remedial action plan report, We are presently studying the
iwpact of seasonal fluctuations in groundwater levels in an effort to estimate |
the actual effectiveness of the remedial in comparison to original projectionst/J

If you have any questions or wish to discuss this further, please do not hesitate
to contact us,

Very truly yours,

AWARE Incorporated

s.Hoaal .

Scott D. MacMillin
Senior Hydrogeologist

"ReX 0L T AR300004

Robert D. Mutch, Jr., P.HG., P.E. \
Vice President ' ' \\’)
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1.0 IXTRODUCTION

The Shope's Landfill dates to the late 1950s when dumping in the rear portion
of Melvin Shope's property began. The waste that was disposed at the site
originated from the Lord Corporation where Mr. Shope was employed in the
maintenance department. The waste consisted of scrap rubber, paper, wooden
pallets, cement, oils, solvents, acids, and caustics, The landfill was closed
after having covered an area of approximately 4.5 acres.(¢“£k‘___

Hydrogeologic work at the landfill was conducted initially in 1979-80 by Dr.
Samuel Harrison of Alleghany College, This work included the installation of
37 wells at well cluster numbers 1 through 11.

Further hydrogeologic work was conducted by Wehran Engineering in 1981 as a
prelude to the development of a remedial program for the landfill, This
investigation was intended to address several data gaps that were vital to the
design of the remedial program, Furthermore, this investigation was intended
to address the existence of groundwater contamination beyond the areas
investigated by Dr, Harrison, This work was accomplished, in part, by the
installation of a number of monitoring wells and piezometers at locations
numbered 12 through 19,

On the basis of this hydrogeologic work, a number of remedial options were
proposed, An option was selected that included the removal of exposed drums,
regrading of the site, removal of standing pools of leachate, improvements to
surface water drainage, installation of an impermeable cap, and construction
of an upgradient groundwater cutoff wall. These remedial measures were
implemented during the summer and fall of 1982,

A consent order was entered into by the Lord Corporation and the Pennsylvania
Department of Environmental Protection (PADER) in which, in addition to the
requirements associated with the implementation of the remedial plan, a
comprehensive groundwater monitoring program was set forth, As such,
quarterly monitoring was conducted for two years, followed by the preparation
of a draft long~term monitoring program in October, 1984, The draft long-term
monitoring plan set forth a major expansion of the existing monitoring well
ne;wgr? in addition to the specification of a sampling and analytical
schedule,

The installation of the new monitoring wells in November and December 1984,
enabled the collection of a significant body of hydrogeologic -data. This
report serves to place hydrogeologic data from previous investigations into
perspective with the newly collected data, In this way, significant
additional conclusions have heen drawn with respect to groundwater, The field
methods utilized during the current work and the interpretation of the
hydrogeologic conditions are discussed in detail in the following sections.

AR300007
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2,0 HYDROGEOLOGIC FIELD INVESTIGATION

A hydrogeologic field dinvestigation of the Shope's Landfill site was
undertaken by AWARE Incorporated during November and December 1984,  The
investigation was predicated upon the following criteria:

1. To construct 19 new monitoring wells and to replace one existing
monitoring well as specified by the draft Long-Term Monitoring Plan,

2, To more fully define the extent and character of the geologic materials
beneath the site,

3. To collect undisturbed soil samples for laboratory permeability testing.

4, To conduct in situ permeability testing on selected newly installed
monitoring wells,

5, To measure static water levels at all new and existing monitoring wells
for use in the determination of groundwater flow directions,

The Shope's site is depicted on the Site Plan, Sheet 1. This map indicates the
location of all newly installed and existing monitoring wells,

2.1 Exploratory Drilling and Monitoring Well Installation

Twenty new monitoring wells were installed at the Shope's site. Fifteen of
these were installed as triplets at five separate locations. These wells are
designated W-20 through W-24 with A, B, and C suffixes corresponding,
respectively, to shallow, intermediate and deep wells, Two wells, W-1WT and
W-25WT were installed as replacement and new shallow wells, respectively, The
remaining three wells, W~3C, W~74, and W-12D were all installed as deep wells
immediately adjacent to existing shallower wells, The drilling and well
installation was conducted during November and December 1984,

All drilling was conducted by Empire Scils Investigations, Inc, of Orchard
Park, New York. The drilling was completed under the supervision of an .
experienced geologist from AWARE. The geclogist maintained a continuous leg
of the work as it proceeded and directed the well installation operation. The
borings were advanced by one of two drill rigs. The drilling at the locations
with the poorest access conditions was performed with a CME Model 45 drill rig
mounted on a trailer that was moved into position with its dintegral winch
and/or with the use of a small bulldozer equipped with a winch, The other
borings were completed with a truck-mounted Acker Model 81 drill rig.

The drilling of all borings was initiated with the use of 3-3/4 inch I.D.
hollow stem augers. Beyond a depth of approximately 60 feet, most borings
vere continued using the mud rotary method with a 3-5/8 inch roller bit, The
drilling fluid was recirculated and a drilling mud consisting of pure
bentonite was used only when required by drilling conditions.

The soils were sampled continuously with a split spoon sampler at all new
boring locations, At the locations of existing wells, samples were collected

at five foot intervals, The soils were visually classified :mql)
according to a system modified after Burmister (1958), q(enp]rese tqgg

"
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portions of each sample were stored in glass jars, Selected jar samples were
subjected to laboratory grain size testing as discussed in Section 2.3,
Complete geologic descriptions of the sampled soils are found in the Test
Boring Logs (Appendix A) based upon both the visual and laboratory
classification.

Undisturbed soil samples were collected from three of the borings. These were
collected by pressing a three inch (I.,D.) Shelby tube into the soils below the
bottom of the boring, Following retrieval, the samples were sealed and
transported to the laboratory by the field geologist., Particular care was
exercised to avoid freezing and excess vibration of the sample, All
undisturbed sample intervals are indicated on the appropriate boring logs.

Monitoring wells were constructed at each test horing location as previously
discussed, These wells were constructed of two inch "black" steel pipe with
welded couplings. Each well was equipped with a five foot length of wirewound
stainless steel well screen with a 0,010 inch slot size. Fach screen was
packed with a uniform medium-grained sand and sealed with bentonite pellets or
a tremie-emplaced bentonite slurry. The remaining annular space above the
bentonite seal was filled with cement-bentonite grout by the tremie method.
Each well was equipped with a lockable cap, Following their construction,
each well was developed with compressed air to remove any fine materials and
drilling fluids that may have been introduced during the drilling process, A
drawing of record for each of the monitoring wells is presented on the test
boring logs in Appendix A.

2,2 In Situ Permeability Testing

In situ permeability tests were performed on selected newly installed
monitoring wells and well points by the use of the "variable head" method, as
described below, The results of these tests represent determination of the
horizontal permeability of the geologic materials adjacent to the screened
interval of each well.

The particular "variable head" borehole test utilized for this project was
developed by Hvorslev for the United States Army Corps of Engineers, and
summarized in Cedergren (1977), These tests were conducted as follows:

The static water level in the well to be tested was measured and recorded.
The water level in the well was then lowered by bailing or pumping, and a
measurement of the depressed water level or drawdown was recorded.

At frequent time intervals, the water level in the well and the respective
time elapsed from the beginning of the recovery period were measured and
recorded,

The method of analysis assumes that the rate of inflow to the well screen
after evacuation is proportional to the hydraulic conductivity (k), expressed
in cm/sec, and to the unrecovered head distance, A plot of the unrecovered
head distance or Head Ratio versus Time (t) indicates an exponential decline
in the recovery rate with time. FEquation 2,1 is used tofhél @lg
permeability,

1§ the page filmed in this faame is not as readable on legible as. this.. B
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v In(L/R)1n H Hy )
A (ty ~ty)

R sand pack radius (cm)

r riser radius (cm)

L effective intake length

tl = time interval corresponding to h1 (sec)

t2 = time interval corresponding to h2 (sec)

h head ratio at t (dimensionless)

1=

hy = head ratio at ty (dimensionless)

2
k = permeability (cm/sec)

The individual permeability plots are presented in Appendix C, The results of
the permeability testing are summarized on Table 2,1,

Several in situ permeability tests were conducted on shallow water table wells

that recovered too rapidly to measure, given the equipment that was employed.

On the basis of past experience, it is believed Eaat the permeability of tlfdge

particular soils is probably in excess of 1 x 107~ cm/sec. .'\ W& WA WL A;X?
S ARNTY 3 X

2,3 Laboratory Soils Testing

L

A number of soil samples were selected for laboratory soils testing. Eleven u§15
split spoon samples were subjected to mechanical grain size testing including
mechanical sieving and K Atterburg limits testing, In addition, four
undisturbed tube samples “were tested for permeability, mechanical sieving,
hydrometer, Atterburg limits, and moisture content,

The soils were tested by the Wehran Engineering Soils Laboratory in
Middletown, New York. The procedures followed in all of the testing performed
were consistent with standard labortory procedures with the exception of the
permeability testing. The permeability tests on the undisturbed tube samples
were performed in a flexible-walled triaxial permeameter under falling head
conditions, This apparatus is considered superior to a conventional rigid-
walled permeameter because it allows placing the soil specimen under a
confining pressure before and during testing. The confining pressure insures
that sample fracturing and effluent bypass will not occur during testing.
Also, the confiping pressure can be adjusted to equal the in situ confining
pressure experienced by the soil under natural conditions, Furthermore, this
system allows application of the effluent under significant back pressures
which insure saturation of specimens prior to actual testing. AR3000 '0

The laboratory test data is presented in Appendix D,

i

A T R T L ‘ . ’ . ST ey
1{ the page fitmed in this frame is not as aeadable .0x Le 2|
Label, 4t {4 due to substandard colox on condition au'thegﬁffsitiztﬁf;.




L
-

i

LN

TABLE 2.1

SUMMARY OF PERMEABILITY
TEST RESULTS

o (' ’ \I .

[ h B

Test Test :
Geologic Unit Boring _Interval _ Type _Permeability (cm/sec)

Maumee IIIC Lacustrine Dep.
(Coarse) . W-12C  15.5-21,5 In-Situ
(Coarse) ™, . ) W~22A 5.5-9  In-Situ
(Fine) =+ 7. ne = {-20B 22-23 Lab
(Fine) 1 /. el we0B 23-24  Lab
Ashtabula Till-Ashtabula
(Fine)
(Fine)
(Fine)

Maumee IIIB Lacustrine Dep.
(Coarse) W-124 49-52,5
(Coarse) W-21B  43,5-49.5
(Coarse) W-22B 43-53
(Coarse) W-24B 54-59
(Fine) Do . J - W-23B 34-37.5

[ v

Maumee IIIA Lacustrine Dep,
(Coarse) . W-21C  101-104,5 In-Situ
(Coarse) W-22C 76-79,5 In-Situ
(Coarse) W-23C 81-85 In-Situ
(Coarse) W-24C 81-87 In-Situ

.
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2,4 Site Survey

Site survey work was completed in conjunction with the hydrogeologic field
investigation by Urban Engineers, Inc. of Erie, Pennsylvania, This work was
conducted during October and December, 1984,

The initial survey work was conducted to provide the locations of the new
monitoring well clusters, W-20 through ¥-25, The locations have been provided
within the context of a site grid, This grid has been referenced to the south
property line which had been surveyed by Weislogel-Billie Associates in March
1983,

The locations of the existing ..nitoring well clusters were not surveyed by
Urban Engineers, Inc. Locations of these clusters have been provided by site
surveys conducted in July, 1981 and August, 1983 by Wehran Engineering
Corporation, Locations of the existing clusters have been placed in the new
grid system with the use of these existing surveys,

A second survey was conducted by Urban Engineering, Inc, to determine the
elevation of all new and existing monitoring wells in the study area. The
elevation of both the ground surface and the top of the well have been
provided. This elevation survey has been referenced to the same datum that
was employed for previous site surveys by Wehran Engineering Corporation,
Wehran had referenced this datum approximately to mean sea level,

AR300012
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3.0 GEOLOGIC CONDITIONS

In' this section, the characteristics and extent of the geologic materials
encountered within the area under consideration are described, In order to
put the site into perspective within the larger geologic framework of the
region and to describe the geologic history that led to the formation of each
of the stratum, a brief discussion of the regional geology is presented. This
discussion of the regional geology is based on the published geologic data for
the area, as well as the results of our field investigation, The geology of
the actual site is then described in detail based upon our interpretation of
the existing data.

et a;,'li7

Pl

=

3.1 Regional Geologic Setting

The Shope's site is situated on the edge of the Lake Plain subprovince of the
Central Lowland physiographic province, The site is underlain by a thick
sequence of glacially deposited materials that is in turn underlain by shales
of Upper Devonian age. The region is geologically bounded to the south by the
escarpment slope of the glaciated section of the Appalachian Plateaus Province
and to the north by Lake Erie.

The bedrock consists of shale of the lower Conneaut Group which is locally
termed the Girard Shale (Tomikel and Shepps, 1967), These shales were
deposited during the Upper Devonian and serve as a transitional zone from fine
grained shales of the underlying Canadaway Formation to coarse grained shales
and sandstones of the overlying upper Conneaut group. The Girard Shale is
locally exposed unly in deeply eroded beds of major streams in the area.

The bedrock is overlain by a thick sequence of glacial material, These
materials are reported by Shepps, et al (1959) to exist at a thickness of 40
to 80 feet, but locally may be significantly thicker. These glacial materials
were deposited by a number of the seven separate advances of the continental
ice sheet that blanketed the area during the Pleistocene Epoch. The glacial
deposits that directly overlie the bedrock were deposited by the early glacial
advances with the upper material being deposited by successively more recent
glaciation,

Glacial till was deposited by the glacial ice which repeatedly advanced over
the region, The materials in the glacial till had been picked up both locally
in northeastern Pennsylvania and from other locations to the northeast. Other
related glacial materials were deposited by meltwater flowing adjacent to or
through the ice or emanating from the front of the ice sheet, Lacustrine
deposits were laid down during interglacial events when lake waters filled
what is now the Erie basin. Table 3.1 provides a perspective as to_the
overall sequence of the glacial advances and associated gla«ﬂa &9@4@
that took place during the Pleistocene Epoch, :
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GENERALIZED DESCRIPTION
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SLACIO-
FLUVIAL
DEPOSITS

Brown f~m SAND, little to and SILT,
Stratified , well sorted,

ASHTANLA

TiLL
(01RARD)

f~m SAND, soms fo ond fm GRAVEL ,
little fo some SILT,non"stratified
poorly sorfed ,

Predominantly coarse grained consisting d
trace fo and SILT, trace to and GRAVEL , freg.
interbedded with SILT & CLAY

occ. fine zones consisting of laminated SILT to
SILT & CLAY, no to and SAND.

ASHTABULA
TILL
(ASHTABULA)

Fine grained zones consisting of CLAYEY SILT,
little to and SAND | trace to little GRAVEL
Coarse grained zones consisting of SAND, liftle
fo some SILT, little o ond GRAVEL .

MAMELIE

eACUSTRING

DEPOSITS

Coarse zones of etratiti ) trace fo soma ?
SILT , trace to and GRAVEL.Fine zones of laminated
SILT, trace to soms SAND,

ASHTABULA
TiLL

(PAINESVILLE)

Predominantly fine greined consisting of CLAYEY

SILT , little to and SAND ,fr GRAVEL greding to

SILT & CLAY, trace to soms SAND, tr GRAVEL.
0Cc. coarss zones consisting of SAND, some SILT
and CLAY , fittle 1o some GRAVEL .

Fine zones of laminated CLAY & SILT, noto
little SAND , no to trace GRAVEL , Coarse
xones of atratified AND Ao to same SILT, 7

ASHTABULA
TILL
(gucLw)

SILT & CLAY, trace to littls SAND, trace
GRAVEL,
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TABLE 3.1
GLACIAL ADVANCES AND ASSOCIATED DEPOSITION IN NORTHWESTERN PENNSYLVANIA
(After Schooler, 1974, and Fullerton, 1980)

GLACIAL GLACIAL Re -()o P
GLACIAL TILL LACUSTRINE AGE
STAGE SUBSTAGE ADVANCE MORATNE UNIT UNIT (BEYONB-1950

Wisconsin [Woodfordian  Ashtabula [Girard Ashtabula 12,950
Maumee IIIC
Ashtabula  Ashtabula 13,600
Maumee IIIB
Painesville Ashtabula 14,100
Maumee IITA
Ashtabula

L Maumee II
Hiram Defiance  Hiram

Lavery Lavery Lavery

Kent. Cleveland Kent

Farmdalian

| Altonian Titusville

Sangamonian?
Illinoian? Maple Dale
Pre-Illinoian? Slippery Rock

AR300015
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Each successive glacial advance extended a lessor distance into northwestern
Pennsylvania, The last three advances--the Lavery, Hiram and Ashtabula~-
extended only a few miles beyond the present Lake Erie shoreline, A series of
closely spaced ridges parallel to the lake shore correspond to the end of each
of these three glacial advances, These ridges, which are termed end moraines,
consist of glacial till that were transported by and deposited at the leading
edge of the ice that corresponds to each of the advances.

The Ashtabula advance had four minor subadvances and associated retreats. As
a result the Ashtabula moraine can be subdivided into four additional moraines
termed (from oldest to youngest) Zuclid, Painesville, Ashtabula and Girard,
This series of moraine ridges was termed the "Lake Escarpment Moraine System"
by Leverett (1902), The Girard moraine was deposited as recently as 12,950
years before present (Fullerton, 1980).

A glacial meltwater lake filled the present day Erie basin contemporaneous
with the Ashtabula advances. This lake, termed Maumee IIT, was dammed by the
Ashtabula ice and drained westward to an outlet at Fort Wayne, Indiana.
Maumee III had a surface elevation of approximatly 780 feet based upon the
elevation of existing beach strand lines and ridges associated with this
glacial lake (Schooler, 1974)., As the Ashtabula ice temporarilly receded, the

vaters of Maumee III inundated the area between the ice front and the
previously deposited moraine into which lacustrine deposits were then laid
down. These lacustrine deposits were, in turn, overun by a successive ice
advance with the deposition of additional glacial till, 1In this manner, a
series of glacial tills corresponding to each of the Ashtabula end moraines
was deposited in the area, each of which was separated by continuous deposits
of glacigiacuscrine material laid down during the inundation by glacial Lake
Maumee III.

The vicinity of the Shopes site is depicted on Figure 3.2, The overlay to
this figure depicts the surficial glacial deposits as they have been mapped by
Schooler (1974), Of primary interest are the Ashtabula and Girard end
moraines and a beach ridge formed along the shorline of the last inundation of
Lake Maumee III,

3.2 Site Geology

Detailed descriptions of the materials encountered on site are presented on
the boring logs in the Appendix to this report., The seil descriptions
presented are based on visual examination, the results of laboratory grain
size analysis, and index testing, The descriptions are in accordance with a
modification of the soil classification system suggested by D, M, Burmister
(1958), An outline of the modified Burmister system used in this study is
presented on the "Key to Soils Identification", in Appendix B. The results of
the laboratory tests are presented in Appendix D, The geologic strata are
graphically depicted on the hydrogeologic cross sections on sheets 5 and 6 in
the map pocket at the back of this report, akaooo 16
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The geologic units that underlie the site have previously been described as
they occur on a regional basis, The following sections will provide a more
detailed description of these units as they were encountered beneath the
Shope's gite, The units will be described in reverse stratigraphic sequence,
that is, in the order in which they were encountered from the land surface.
In generai, these units consist of a sequence of interbedded glacial tills and
glaciolacustrine deposits with minor occurrences of glaciofluvial deposits,
Bedrock has not been encountered in any of the borings that have been drilled,
to date, at the Shope's site,

3.2.1 Glaciofluvial Deposits

Glaciofluvial deposits are found as a veneer of sediments only on the
topographically higher areas of the southern portion of the site, These
deposits range in thickness up to five feet, This unit is composed
predominantly of stratified sand with minor amounts of silt, The
glaciofluvial deposits represent the reworking of the glacial till by glacial
meltwater along the margin of the retreating glacial ice.

3.2.2 Ashtabula Till

The Ashtabula Till has been encountered in all of the areas of the site that
have been investigated. In all, four separate subunits of the Ashtabula Till
have been observed, These subupits correspond to the Painesville, Ashtabula,
Girard subadvances and possibly a later subadvance of the Ashtabula ice sheet
as indicated on Table 3.1, Fach subunit is described as follows:

/.

e

Girard Subunit "

The uppermost subunit of the Ashtabula Till corresponds to the last
readvance of the Ashtabula ice sheet that occurred subsequent to the
inundation by Lake Maumee III, This till forms the Girard Moraine which
is the northern most ridge in the Lake Moraine System. This till has
been observed only at the western limit of the study area in borings
W-22 and W-24 at thicknesses ranging up to 8 feet, This subunit is
relatively coarse grained consisting typically of “SAND, scme to and
Gravel, little to some Silt & Clay," The coarse grained nature of this
till probably represents the scouring and subsequent redeposition of
glacial lake beach deposits, e

Ashtabula Subunit

The Ashtabula subunit was encountered in all of the borings in the study
area, ranging in thickness from 7 to 42 feet. This subunit is
predominately fine grained, consisting of "Clayey SILT, little to and q>
SAND trace to.little Gravel." Laboratory permeability tests conducted on’
this sibunit indicate a mean permeability value of 1.2 x i&@%
Coarser grained deposits within this till subunit were o senved n a
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number of borings, particularly in Qoﬁzﬁgzﬁjportions of the study area
in the vicinity of the disposal area, These coarser grained deposits
probably represent the reworking of lacustrine beach deposits and
consisﬁ typically of "SAND, little to some Silt, trace to little
Gravel”, 2

Painesville Subunit

The Painesville subunit of the Ashtabula till was found to be
substantially more fine grained than the overlying tills with a
thickness ranging from 14 to 41 feet, This till, which was encountered
e deep borings, consists typically of "Clayey SILT, little

to and SAND, Jtrace Gravel", However, occasional coarse grained zones
"SAND, little to some Silt, little to and Gravel" occur

onttfitously within this subunit, It is Believed tha5 the bulk
permeability of this subunit is sofiéwhat "lesS\than 1 x 107" em\sec on
the basis of the visual differences in grain size between this subunit
and the Ashtabula subunit compared to the measured permeability of the
Ashtabula, . /

) "‘,)‘ “ :.. P .//,\o

Euclid Subunit

The upper surface of the Euclid subunit was encountered in only two of
the deepest borings W-20 and W~ 21, However, the entire subunit is
believed to continuously underlie the entire study area, The Euclid was
observed to consist typically of SILT & CLAY, trace to little Sand,
trace Gravel, The permeability of this subunit is presumed to be low,

3.2,3 Maumee III Lacustrine Deposits

Lacustrine deposits corresponding to Lake Maumee III have been observed as
interbedded sequences between each of the subunits of the Ashtabula Till, The
Maumee III has been subdivided, for the purpose of this report, into three
subunits based upon their position relative to the till subunits. These
lacustrine subunits have been designated Maumee III A, III B, and III C, as
indicated on the geologic cross sections, sheets 5 and 6, The subunits of the
Maumee III lacustrine deposits are described as follows:

IT1 C Subunit

— e S—

The III C was exposed at the ground surface and\or was encountered at
shallow depth in nearly all of the borings, This subunit ranges in
thickness from 10 to 31 feet, The III C is predominantly coarse grained
and probably representative of lake shore, beach deposition. It
consists typically of "SAND, trace to and Silt, trace to m ’h"
frequently interbedded with laminations of Silt &B 1]!? g
permeability of the IIT C subunit is approximatly 1 x 10 ™ em\sec,
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Fine grained zones of the III C were also encountered in a number of
borings. These dsposits consist of “laminated SILT & CLAY,'none to and
SAND", The meap ‘/permeability from two lahoratory tests was deveimined
to be 4,8 x 107 k:\sec.' .

T1IB Subunit vk

The IIIB subunit was encountered at intermediate depths beneath the
study area at a thickness ranging between 5 and 24 feet, This subunit
consists alternately of relatively coarse zones gnd fine zones with mea
permeability values demonstrated to be 2 x 107 cm/sec and 1.4 x 107

cm/sec, respectively, The coarse zones can be described as "stratified
fine SAND, trace to some Silt, trace to and Gravel", occasionally
interbedded with laminations of Silt & Clay. The finer grained zones
typically consist of "laminated SILT, trace to some Sand,"

IIIA Subunit

The TIIIA subunit was encountered at the bottom of each of the deep
borings at a thickness ranging from 14 to more than 20 feet, The IIIA
is more fine grained than the overlying lacustrine deposits, and is
probably representative of an off-shore depositional environment.
However, these coarser grained zones were occasionally encountered in
each of the borings in which the deepest wells were screened, The fine
grained zones consist of "laminated CLAY & SILT, no to little Sand, no
to trace Gravel," The coarse zones consist of "stratified fine SAND, no
ig_gome Silt" and possess a mean permeability determined to be 1.6 x

cm/sec, -y

—
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4.0 GROUNIWATER CONDITIONS

The geologic conditions beneath the study area have been described in detail
in ‘the preceeding section. This section describes the occurrence of
groundwater as it is contained within the geologic framework. Groundwater has
been observed to occur within three zones beneath the Shope's study areas ¢
o
¢ 'vlr)'k

1. As an unconfined water table zone within the shallow soils.

2. As an intermediate depth confined zone within the coarser grained soils of
the Maumee III B and the coarse-grained Ashtabula Till,

3. As a deep confined zone within the coarser grained deposits of the Maumee
III A,

Monitoring wells have been installed in each of these zones, allowing the
determination of their respective piezometric surfaces. Groundwater
measurements from all of the monitoring wells are presented in Table 4.1,

Deeper water bearing zones probably exist below those that were studied as a
part of this investigation, These zones may be contained within deeper
glacial deposits and/or bedrock that underlies the site,

4,1 Water Table Aquifer

An unconfined water table aquifer occurs within the shallow soils beneath the
study area and ranges in depth from 15 to 30 feet, These shallow soils
primarily consist of the coarse grained Ashtabula Till and Maumee TIX C
lacustrine deposits but intermittently consist of fine grained soils as well,
In general, however, these shallow soils are among the most permeable thgs

octur at the site, with an estimated permeability of approximatly 1x10
cm\sec,

The unconfined water table aquifer receives recharge predominantly through
direct infiltration of precipitation, As such, the surface of this zone is
especially subject to seasonal variations, )

The surface of the unconfined aquifer occurs at relatively shallow depths ljgum[kv’
beneath the site, ranging from zero to approximately nine feet below ground ’
surface except below the waste disposal area where it is somewhat deeper.,

Contours of equal water table elevation were interpolated from—vater level

data obtained from the wells, The water table surface generally reflects the

ground surface topagraphy with & gradient ranging from 0,03 to 0,07. The

water table surface as shown on Sheet 2 is very similar to that configured by

both Harrison (1980) and Wehran (1981),

The direction of lateral groundwater flow is assumed to be perpendicular to
the groundwater contours as indicated on the water table contour map. Flow is
generally to the north and west, This component of flow presumably discharges
to the north and west of the site, The water table surface i 033;2
nearly coincident with ground surface in the "northeast seep km 2 @
central seep area" and the low, wet area immediately west of the site,

o
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TABLE 4.1
SHOPE'S LANDFILL
WATER LEVEL DATA

Ground- Ground Reference  December 11, 1985 January 16, 1985
Well  water Surface Point Water Water Water Water
Well Depth  Zone Elevation FElevation Depth Elevation Depth  Elevation
# iy

E
OO
- o
N~ O

744,87
785.07
786,84
785,06

811,75
811,01
829,55
814,75
812,82

795,26
795,59
795.64

800,03

779,22
786,26
793.90

804,20
807.00
809,23
811.13

793,40
789.85

804,21
748,56
808,02

W-1 101,5  Deep 789.7 - -
W-1A 28,0  Int, 790.2 791,87 6.6 785,27
W-18 21,0 WI/Int  790.5 - -
W-INT  15.0 WT 790.2 793,26 8.65 784,61

W-2 61.3  Int. 827.3 829.55  17.55 812,05
W-24 52,5 Int. 826,7 829,01 19,78 809.23
¥-28 37,5 WI/Int 8273 829,55 19,4 810,15
W-2C 29,0 WI/Int  827.3 829,55 - -
W-2WT 24,0 WT 815.5 818,72 - -

=
wvise] O~
o =
o™

-

W-3 Int.  799.2 800,66 -~ -
H-34 Int,  799.6  800.79 6,04 79475
W-3B WI/Int 800,0 800,84  5.44 7954
¥-3C Deep  B00.0 800,61 11,85 788,76
WA 13,5 WT 800,2  803.83 - -
™) Int, 797 97,22 1972 775
W-4A Int. 7950  797.06 14,4 782,66
W-GWT 13,5 T 7950 796,70 - -

W-5 Int. 812,5 813.20 13.23 801.97
W-5A Int. 812.5 815,20 9,76 805,44
¥-5B WI/Int  810.9 814,33 806,89
W=-SWT WT 812.8 817.73 -

-
NN B D o

—
NO Wil »uviuk
-

. —
SO O L1 00 o
- e o

Do O ®

W-6A Int. 790,9 793.60 793.00
W-6WT WT 791.6 794,75 -

oo r

W=7 Int, 809.9 811.81 -
W=7A Deep 809.6 812,56 749,41
W-7WT WT 809.4 811,62 -

V-8 794.4 796,86 793,16
W-8A 7944 796,86 793,91
W-BWT 794.6 796,38 - -

W-9 795.2 797.38 790,14
W-9A 795.2 797.38 . 794,68
W-9WT 794.7 797,04 - -

o
W.b\l

196,46
794,18

790,68

794,58
794.44

00023

- . - -
N

W oo Nl
?
o

=
0
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Ground~-  Ground Reference Docembor 11, 1985 January 16, 1985
Well  Water  Surface Point Water Water Water Water

Depth  Zone  Elevation  Elevation  Depth Elevation Depth  Elevatio .
0 X1 et

793.7 795,85 16.82 779.03 0 779.85
193.7 795,85 16,32 779.53 181.45
193.7 795.85 - - 781.35

781.9 785.07 779.17
781.9 785,07 179.07
782,3 784,98 - 779.68

W-10
W-10A
W-10WT

W-11
W-114
W=-11WT

768.8 790,83 783.83
788.9 792,23 183.83
7688.8 791,34 - 780.24
788.2 791.13 774.63 148,13

W-12A
W-12B
W-12C
W-12D

817.3 820,62 820,62 - 807.02

Int,
Int.

WT
Int,
Int,

WT
Int.
Int.

WT
Deep

¥-14 WT

W-15 WT 819.1 820,97 803,57 804,17

WT

WT

WT
Int.
Deep

WT
Int.
Deep

WT

W-16 818.6 820.67 798.17 798,77

W-18 812.4  816.41 816,41 ' 796.21
7.9 790.52 784,92 784,72 (T
%74 790.26 790.26 790,26\
8.1 791,14 778.39 79,2

W-20A
w-20B
w-20C

782.7 786.04 778.06 778,94
782.8 785.33 777.88 778.83
783.1 785457 752,11 752,47

W-21A
w-21B
W-21C

W-22A 775.0 11774 773.34 773.04
w-228 Int. 775.0 777.32 777,20 177.32
w-22C Deep 775.0 177.37 748,05 748.47

W-23A WT 776.5 779.28 775.90 777.18
W-23B Int. 776.6 779.45 773.23 174,55
W-23C Deep 776.4 779.09 144,07 744,39

W-24A WT 783.8 786,66 783.19 782,46
W-24B Int. 783.5 786,47 776,57 m.17
W-24C Deep 7683.1 786.03 743,08 743.43

W=-25WT WT 786.1 789.18 785.48 785.38
Notes: * Groundwater zones abbreviated as follows:

WIsWater Table Aquifer; Int.=Intermediate Depth Confined Zone; Deep=Deep Confined Zone
** Reference points as follows:

-wells with steel protective casings: top of casing with cap off “Raooozu & ‘

-steel vells without protective casings: top of locking cap with cap opened s

-PVC wells without protective casings: top of PVC with cap off.

. e e e - g i
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Therefore, these specific areas are most likely receiving groundwater
discharge from the water table aquifer.

Slight vertical components of flow have heen identified within the water table
aquifer, A small downward flow component is present in the topographically
higher areas and a slight upward flow component is present in the low lying
discharge areas, This vertical flow would be expected to be somewhat more
pronounced in the lower permeability soils but nearly absent in the coarse
grained high permeability soils in which horizontal flow would be predominate.

The rate of horizontal groundwater flow within the vater table aquifer can be
estimated through the use of Equation 4.1

Vs = Ki Eq. 4.1

Ne
Where:

Vs = seepage velocity (cm\sec)

K = permeability (cm\sec)

i = hydraulic gradient (dimensionless)
Ne = effective porosity (dimensionless)
The permeability .has heen estimated to be 1x10'4 cm\sec, The average
hydraulic gradient is 0,05, A typical value of the effective porosity can be
assumed to be 0.3 (Freeze and Cherry, 1979). Insggting the above data in
Equation 4.1 yields a horizontal flow rate of 1,7x10™" cm\sec or 0,047 ft\day.

Vs =(1x10"%) (0.05)

al.7 x 107 co\sec = 17 ft/yr
4,2 Intermediate Depth Confined Zone

Groundwater occurs under confined conditions in a laterally continuous zone
beneath the entire site, The confined zone is found primarily in the coarse
grained soils of the Maumee IIT B lacustrine deposits but is also found in the
coarse grained Ashtabula Till beneath the southern portion of the site, The [3;
geologic . deposits comprising this zone have a moderately low permeabiligg P
shown previously from in-situ test results to be on the order of 2x10°
cm\sec, Further analysis, discussed subsequently, indicates that the actugg bes A m
permeability of this unit is probably somewhat higher, on the order of 5x10 = :f
cm\sec, However this unit camnot truly be termed an aquifer as it probably - '
would not be capable of transmitting significant quantities of water under

ordinary hydraulic gradients (Freeze and Cherry, 1979). Therefore, this unit

will be termed a "water bearing zone", This water bearing zone is almost
completly confined by overlying fine grained till and lacustrine deposits
represented, respectively, by the Ashtabula subunit and the Maumee III B

‘subunit. The permeability of these subunits7haﬁ previously be

laboratory testing to be on the order of 1x10™' em\sec. :

I .
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An area has been didentified beneath the disposal area in which full
confinement of this zone is not afforded, (Cross-Section B-B, Sheet 6). In
this area, the potential exists for hydraulic communication between the
overlying water table zone and the intermediate depth confined zone

The piezometric surface has been defined through the use of water level
measurements from monitoring wells screened in the Maumee III B at elevations
ranging from 723 to 760 feet. The use of water levels from slightly shallower
monitoring wells in the same zone would have yielded a very similar
plezometric surface configuration, The configuration of this surface has been
depicted on the Intermediate Depth Piezometric Surface Contour Map (Sheet 3),
This surface is shown to slope to the north west in a similar but more subdued
manner than that of the overlying water table zone., The configuration of
these contours is very similar to that which was depicted by Harrison (1980).

The intermediate depth confined zone receives recharge from the area south of klwli:
the site where the Maumee III B is believed to outcrop at the surface. Flow .
through the zone is primarily horizontal toward the northwest to a discharge !

area represented by a low lying area beyond the border of the study area, -

The direction of vertical flow through the overlying confining layer tends to ,f%,J‘J,.
be variable and is dependent upon the topographic position of the water table
aquifer, In the topographically higher areas of the site such as beneath the
landfill and the hill at W-2, the water table surface is significantly higher
than the piezometric surface in the intermediate confined zone, This provides
the potential for downward flow through the confining layer and through gaps _ .
in the confining layer that have been identified beneath the disposal area.™
In the topographically lower areas of the site such as the area to the north

of the landfill, the piezometric surface is higher than the water table
surface, In fact, at several locations, such as W-20 and W-22, the
piezometric surface is above the ground surface, Under these conditions, the
potential exists for upward flow through the confining layer. However, the
actual rate of vertical flow through the confining layer is very slow, being
limited by the low permeability of the unit.

The rate of horizontal flow through the intermediate depth confined zone can
be estimated with the use of Equation 4.1, The data required for this
calculation includes the permeability apd hydraulic gradient that have been
determined, respectively, to be 2x107° cm\sec and 0.05 and an effective
porosity assumed.to be 0.3.'/f77bq

Vs = (2x107%) (0.05)
: S
EAT AR

= 3.3x1077 cm\sec = 0,34 ft/yr "

:It‘ﬁs known that the contaminants within this zone have thvolved Y
\Z.SO,Eeet over a period of 25 years, Back calulating oﬁ"the*’b’a)smrgnnﬁzﬁ
te of 8 ft/yr 1ndicater that the in-situ permeability values that have been
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incorporated in the initial calculation may not be representative of the unit
as a whole. A more typical permeability‘galue for the intermediate confined
zone would appear to be approximatly 5x107°,em\sec,

:// Or-

4,3 Deep Confined Zone -

A deep confined water bearing zone has been identified at a depth ranging from
approximatly 75 to 105 feet below the ground surface. This zone is contained
within the coarser grained layers of the Maumee III A lacustrine deposits,
The Maumee III A hassbeen described previously as possessing a permeability on
the order of 1x107" cm\sec., This =zone is fully confined by the tills
represented by 7the ‘Ashtabula  subunit with a permeability anticipated to be
less than 1x107' em\sec, ~

The piezometric surface in this deep zone has been depicted on the Deep
Confined Zone, Piezometric Contour Map (Sheet 4). This map was prepared from
water level measurements obtained from the deepest site wells, However, the
water level datum from one well, W-3, was omitted from this map. This
particular datum is believed to be in error based upon a comparison of water
levels from the other wells on the same date and the data from the same well,
W-3, on subsequent dates, The piezometric surface indicates, contrary to the
shallower groundwater zonés, that groundwater in the deep confined zone flows
tovard the southwest. Furthermore, the piezometric surface in this zone is
very deep, some 25 to 50 feet deeper than that of the overlying 2ones.

The deep confined zone probably receives its recharge through the slow
downward flow through the confining layer that necessarily would occur under
the influence of the considerable downward vertical gradient that has been
identified. The lateral flow direction within this zone was observed to,be
parallel to the strike of the elacial deposition. That is, this groundwater
flow path passes through soii- t.at should he fairly consistent in type and
depth, This flow path is shown to be directly to the regionally low area
represented by Crooked Creek. Therefore, Crooked Creek most likely serves as
the discharge point of this deep confined zone,

“The rate of recharge to the deep confined zone is likely to be very slow on -
account of the low permeability of the confining layer. This rate can be
calculated with the use of Equation 4.1, ?he permeability of the confining
layer is conservatively stated at 1 x 107 cm/sec, The vertical hydraulic
gradient across the confining layer at W-12 is calculated to be 1,0, The
effective porosity is assumed to be 0,3, Op the basis of these dat,
groundvater moves downward through the confining layer at a rate of 3,3 x 10°
cm/sec or 0,001 ft/day.\

Vs = 1}mJ§10“" 92” 0%
.

-

= 3.3 x 107 mhu:OJé&hr AR30002?
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The rate of horizontal flow through the deep confined zone can also be
calculated with the usesof Equation 4,1, The permeability of the zone has
been shown to he 1 x 1077 em/sec, the hydraulic gradient is approximately 0.01
and the effective porosity is assumed to he 0.3, Based upon these data it can
be seen that water moves through this zone at a very slow rate of

approximately 0,001 ft/day, \ 7
_5 : e ﬁ‘w/{ [N /,,de'
V= (1 x 107)(0,01)

= 3.3 5 1077 cm/sec = 0,34 fr/yr

4.4 Hydrogeologic Cross Section

A hydrogeologic cross section has been prepared (Sheet 7) in order to further
define groundwater flow directions and the interrelationships between the
various water bearing zones. The hydrogeologic section is drawn along the
same orientation as the Geologic Cross Section B-B, Of particular note is
that the hydrogeologic section depicts the vertical distribution of potential,
or hydraulic head, through the geologic cross section, It achieves this by
means of portraying lines of equal potential, or head, which are known as
equipotential lines, By knowing the position of the equipotential lines,
directions of groundwater movement throughout the cross section can be
depicted. This results from the fact that the laws of groundwater hydraulics
dictate that groundwater flow must be at right angles to the equipotentials.
Although the exaggerated scale of the section (necessary for clarity) distorts
the orthogonality to a degree, groundwater flow patterns are clearly outlined
by the flow arrows accompanying the equipotentials,

This hydrogeologic section is not intended to be a rigorous quantitative
representation of the actual system, but is intended to qualitatively portray
the direction and relative quantity of groundwater flow,

The hydrogeologic section is based upon a number of assumptions that are
consistent with the previous discussion. These assumptions are as follows:

+ Water table aquifer represented by coarse grained Ashtabula Till and
coarse grained Maumee IIIC lacustrine deposits,

Intermediate water bearing =zone represented by coarse grained
Ashtabula Till and coarse grained Maumee ITIB lacustrine deposits.

- Deep water bearing zone represepted by coarse grained Maumee IIIA
lacustrine deposits, :

Confining layer (aquitards) represented by fine grained Ashtabula Till
and fine grained Maumee III lacustrine deposits, AR300028

Water table surface and piezometric surfaces as depicted on thé
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respective contour maps.

The pattern and rates of groundwater flow can be summarized based upon the
hydrogeologic cross sections, the groundwater contour maps, and the previously
described calculations. Furthurmore, Table 4,2 summarizes the values for
permeability, porosity, hydraulic gradient porosity, and ground water flow
rates for each of the described strata,

A shallow water table aquifer exists within the highly permeable surficial
soils which receive recharge directly from infiltrating precipitation.
Lateral flow takes place to the north and west. Partial discharge of the
water occurs in the low lying areas on the margin of the site.

An intermediate depth water bearing zone is confined by an aquitard that is
nearly continuous heneath the study area, Water enters this moderately low
peremability zone through infiltration of precipitation in a recharge area
south of the site and through leakage through gaps in the confining layer,
Flow within this zone is predominantly in a lateral direction toward discharge
areas located beyond the site margin,

A deep water bearing zone 1is fully confined by a thick low permeability
aquitard, Water enters this zone primarily through slow leakage downward
through the aquitard under the influence of a strong downward gradient but
limited by the low permeability of the unit, Due to the small volume of
recharge to this confined zone, little driving force exists to cause water
movement in a lateral direction, Therefore, lateral flow occurs slowly under
a very low hydraulic gradient toward the southwest to be discharged to Crooked
Creek,

Table 4.2
Summary Of Hydrogeologic Data

Hydrogeologic Permeability Porosity Hydraulic Groundwater
Zone (cm/sec) Dimensionless Gradient Flow Rate
(Dimensionless) (ft/yr)

Horizontal Flow

Water Table
Aquifer

Intermediate
Depth
Confined Zone

Deep Confined 1x10™

Zone

Vertical Flow

Deep Confining / .' AB3QQQZQ

Layer
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5.0 GROUNDWATER QUALITY

The perspective gained from the analysis of groundwater flow conditions has
aided greatly in the interpretation of groundwater quality data, This has
alloved the determination and prediction of groundwater contaminant flow on a
vertical basis as well as a lateral basis, something that was not possible at
the time that the March 1984 Groundwater Quality Study (Wehran) was prepared.

Groundwater samples were abtained from all of the newly installed monitoring
wells during January and April 1985, by personnel from Lord, These wells were
sampled by the means of an ISCO Model 2600 submersible bladder pump, The pump
was decontamination in the field prior to use in each of the wells, However,
tubing used within the pump for the April sampling event was permanantly
dedicated to each well, The sample analyses were performed by Lord, The
parameters for which the samples were analyzed include a 1list of chlorinated
and non-chlorinated hydrocarbons referred to in the Draft Long Term Monitoring
Plan as Category A and C parameters, respectively., In addition, the samples
were subjected to a total volatile organic scan (TVO) and a total halogenated
volatile organic scan (THVO) in accordance with the method described in the
Draft Long Term Manitoring Plan,

Groundwater samples have also been collected and analyzed from selected
previously existing wells, as a part of the current monitoring plan, These

wells were sampled both in December 1984, and March 1985, by personnel from ™
Lord, The samples were analyzed for the same parameters as the newly ./
installed wells in addition to a number of metals and indicator analyses.

The TVO and THYO data from selected wells that were sampled as described above
have been utilized for this water quality evaluation, These data are
tabulated on Table 5.1, The well data have heen separated into those from
wells screened in the water table, the intermediate, and deep zones, In the
case where more than one well is screened in a particular zone, only the data
from the more contaminated well have been presented. Water quality data for
Chloride, Specific Conductance, and metals are not available for the newly
installed wells, Therefore, these parameters have not been wutilized in this
evaluation of water quality,

The shallow water table zone appears to be relatively uncontaminated on the
basis of TVO and THVO data with the exception of the two wells located
immediately downgradient of the disposal area, Wells W-1WT and W-3WT each had
elevated levels of THVO in Dec/Jan at 51.4 ppb and 107,3 pph, respectively,

The THVO in 3WT decreased to BT in Apr vels of TVD in all wells,
including W-1IWT and W-3WT, were below the thresholdy, |, '%,\Q_

In contrast to the conditions in the water table zone, the intermediate water
bearing zone appears to be significantly contaminated. On the basis of the

most recent T¥OXdata, it appears that a contamination plume has spread
approximately eet downgradient of the margin of the waste disposal area,
TVO levels with his plume range from a high of-48,357.5 ppb in well W- .
Dec/Jan downward to the TVO threshold level of 100 /'ppb which is uétﬂbagﬂ W
be the outer margin of the plume, THVO leveld within the plume: closely
- / =
f:) . N

{
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TABLE 5.1
SUMMARY OF TVO & THVO DATA
12/84 - 1/85

Water Table Zone Intermediate Zone Deep Zone
Well ™o THVO Well VO THVO ™o

710
363

51,4 . 1B 378 4.1
107 3 48,400 765
BT 4A 172 173
BT -
BT 64 BT BT
BT -

<

e

b

9% BT BT
10 BT BT
11A 112 169
124 BT
20B 2350
21B BT BT
228 BT
238 BT
24B BT

1 1 1 N7 11 we

—
N
A=}

4/85-5/85

Wt 1B 324
3T BT 3 40,100
4yT BT bA 112
SWT BT -

6T BT -

T BT -

9WT BT -

10WT BT 10

10T BT

12¢ BT

204 BT

21A BT

224 BT

234 BT

244 BT

25WT BT

o

~J
3 1 31 1 3 €3>

NOTES:
*  Indicates data from samples collected 8/83
Bt indicates sample level does not exceed threshold levels, or follows:
TV0-100ppb
THV0-25ppb
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parallel the TVO levels. An exception to this is well W-12A in  which the °
Dec/Jan THVO level of 55,1 was somewhat above the respective 25 ppm threshold
while the TVO level at 66,6 ppb was somewhat below the respective 100 pp@
threshold, suggesting that well W-12A is located on the edge of the existing

~
plume. However, both TVO and THYO in 12A decreased to BT in March/April, The S?() f

contamination plume within the intermediate zone is depicted on Sheet 8 on the
basis of the TVO data,

It is not possible to draw any firm conclusion as to water quality in the deep
water bearing zone on the basis of the available data, It is believed that
this deep zone is uncontaminated due to the fact that it is fully confined by
a thick, continuous low permeability glacial till unit, However, this cannot
be demonstrated at this time because no wells exist in the deep zone in a )
downgradient direction from the site, This 1is so because it has been

wieny

vS 'ﬂ"

determined that the deep zone flows to the southwest, which is nearly opposite Nord
of the flow direction of the overlying water table and intermediate zones. l4k<9 i
. N

Several of the deep wells located to the northwest of the site, W-1, W-3C, and
W-12D, exhibit contaminant levels in excess of the threshold levels, However,
based upon the observed hydrogeologic conditions as previously described, it

is believed that these wells should not be contaminated, / Ape

The elevated levels of TVO and THVO in well W-1 which ranges from 3 éo 7 times

through the well seal. This may be because this is an older well which may

ahove the threshold are probably a result of preferential migration downward CL}C:T\
A

have been installed using methods that would be considered outdated today, and
because this well is under the influence of a significant downward gradient.

Despite the careful drilling and well installation practices that have been
followed in the construction of W-3C and W-12D, it 4is possible that
contaminants could have been carried down to the completion depth of these
wells by the drilling process, Adequate development of these wells has been
difficult to achieve due to the moderately low permeability of the strata in
which they are screened, This has prevented rapid flushing of these wells.
Therefore, it is likely that contaminants carried downward by drilling simply
have not been removed from these wells by the development and well purging
that have been conducted to date, However, continued purging of these wells
over a period of several months has failed to achieve significant improvement
in these wells,

The water quality in both the intermediate and deep zones at well location
W-20B and W-20C, provides a paradox as compared to the other existing data.
The intermediate zone at W-20B is relatively contaminated with a TVO level
ranging up to 2720 ppb. This contamination has been corroborated by noticable
odors in undisturbed Shelby tube soil samples that have been collected at
intermediate depths in the boring in which this well was constructed, It is

difficult to explain this contamination because W-20B is located cross = " -

gradient, not downgradient from the site, Furthermore, the observed

et

-
L

contamination plume epanating from the site is separated from well W-20B by an i

uncontaminated well /'W-9X) which makes it even more difficult k%m&q 32
contamination in thig-well. This data suggests the possibility. ol a séplra

-
o N ‘ D
r
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pi
contaminant source other than the Shope's disposal areas” . !

-—"
On the basis of the observed hydrogeologic conditions, it is most likely that
the deep well, ¥-20C, is not actuallycontaminated, It is possible that the
elevated TVO value of B814,9 ppb is a result of relict contamination from the
drilling process in the same manner as that discussed for W-3C and W-12D, It
is also conceivable that apparent contamination in this well could be
attributed to preferential migration through the well seal,

In summary, groundwater within the shallow water table zone remains relatively
uncontaminated except for that on the immediate margin of the site. The bulk
of the groundwater contaminants have moved downward into the underlying
intermediate zone under the influence of the downward vertical gradient that
has been shown to exist beneath the entire disposal area, Contaminated
groundwater within this intermediate zone has moved laterally to the northwest
of the disposal area, The water bearing zone in the deep zone is confined
fron—the-overlying zones by a thick, low permeability till unit and is
“believed to be unctntaminatéd,’ Groundwater flow in this deep zone is toward
the southwest, - o

.. [ }(’.
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20
6,0 CONCLUSIONS

The most significant aspects of the hydrogeologic investigation are (::b
summarized, as follows:

1) The study area is underlain by a thick sequence of glacial deposits, These
deposits consist alternately of at least four continuous glacial tills
interbedded with at least three continuous glaciolacustrine units,

2) Bedrock exists beneath the glacial deposits and consists of a Devonian
shale, This bedrock has not been encountered during this investigtion on
account of its great depth, .

3) An unconfined water table aquifer exists within the surficial coarse
grained tills and lacustrine deposits, Lateral flow within this shallow zone
is toward the north and west in response to the ground surface topograpﬁy.

4) An intermediate depth confined groundwater zone exists primarily within the
relatively coarse grained materials of an interbedded lacustrine unit, The‘%,_n 0
permeability of this unit is not sufficiently high for this zone to be termed

an aquifer, Groundwater moves through this intermediate confined zone to the

north and west at a relatively slow rate, This zone receives recharge from a
recharge area located south of the site and through leakage and gaps in the
confining layer beneath the disposal area,

5} A deep confined zone exists within a deeper interbedded lacustrine unit.

This unit flows to the southwest to a discharge area represented by Crooked
Creek, C,

6) Groundwater contamination has heen identified in the water table only on
the downgradient margin of the disposal area, Contaminants have moved
downward into the underlying intermediate depth confined zone under the
influence of downward vertical gradients that exist beneath the disposal area.
Contaminants have moved laterally within the intermediate zone to a point
approximately 200 feet northwest of the disposal area. Groundwater within the
deep confined zone is believed to be uncontaminated.

AR300034

S st ks g e bt i T
. label, it 44 due to substandard color ox condition of iheaoalgi::iigiggi':

Ry
)




REFERENCES

AWARE Inc., 1984, Draft Long-Term Monitoring Plan, Shope's landfill, Girard
Twp., PA, unpublished report.,

Burmister, D M., 1958, '"Suggested Methods of Tests for Identification of
Soils", Procedures for Testing Soils, American Society of Testing Materials,

Cedergren, H.R., 1967, Seepage, Drainage and Flow Nets, John Wiley & Sons,
Inc,, New York,

Freeze, R.A. and J.A, Cherry, 1979, Groundwater, Prentice Hall, Englewood
Cliffs,

Fullerton, D.S., 1980, Preliminary Correlation of Post Erie Interstadial
Events (16,000-10,000 Radiocarhon Years Before Present), Central and Eastern
Great Lakes Region, and Hudson, Champlain, and St. Lawrence Lowlands, United
States and Canada, USGS Professional Paper 1089, Washington.

Harrison, S.S., 1980, Final Report on the Hydrogeology of the Shope's
Landfill, unpublished report,

Lord Corp., 1984, Shope Landfill Annual Report, unpublished report,

Schooler, E.E., 1974, Pleistocene Beach Ridges of Northwestern Pennsylvania,
Pennsylvania Topographic and Geologic Survey, General Geology Report 64,
Harrisburg,

Shepps, V.C. et al, 1959, Glacial Geology of Northwestern Pennsylvania,
Pennsylvania Topographic and Geologic Survey, Bulletin G~32, Harrisburg.

Tomikel, J.C. and V.C. Shepps, 1967, The Geography and Geology of Erie Co.,
Pennsylvania, Pennsylvania Geologic Survey, Information Circular 56,
Harrisburg,

White, G,W, et al, 1969, Pliestocene Stratigraphy of Northwestern
Pennsylvania, Pennsylvania Topographic and Geologic Survey, Harrisburg,

Wehran Engineering Corp., 1981, Hydrogeolopic Assessment, Interim Report,
Shope's Landfill, unpublished report,

y 1981, Remedial Action Plan, Shope's Landfill, unpublished report.

+ 1982, The Flow Net Analysis of the Subsurface Cut-Off Wall and
Impervious Cap, unpublished report.,

y 1984, Groundwater Quality Study, Shope's Landfill, unpublished

report,
AR300035

A TT e w1

“'* 14 the page fitwed in this grame is not as aeadable.on e lbu o thiy
Label, it is due to substandard color on condition of khegou'g}i::lt::::




APPENDIX A

AR300036

&

s B T et e sl BT
A,

‘ he: page filmed in this frame is not as xeadable.ox Legibl ¢k
 label, it i4 due to substandard colon ox condition of the’ougi;‘g:‘:ag




B

— T ———

TEST BORING LOG

BORING NO.W-lwT
(Nphumn")

CORPORATION
SREITET —Ewape s Camoris
] )

TYPE & T8
DIAMETER 2

SHEEY WO ol 1 1
6298

. £ MOIRE SO
[INTAKE ]

INTAK
8| STAVLESS

EQUIPMENT . C ms- 45 ( TRARLER

&
CASING {SAMPLER] CORE | TUBE

2"

HSA

T T

LMEOE D

WELL [
CONSTRUCTION

SAMPLE

D%

WELL
.. |72
DATE STARTED, 12/%/fv
DATE COMPLETED: 12./3
DRILLER: Sw/iNNICH

‘ MCMILLIN

%

6

BLOWS

PER
mGlM:MI

CLASSIFICATION

REMARKS

S5 3.1090]

10:9

% $- 2

ss Qn it

10~ 7

o |
|

V-1

%5 [1LX]]

3.4

SS[e=

Beadonder Seal

5.6

SShe¢

FiLe

CLAYOSIET, gome | Send
e Gl Crvarrbed
Glasiel "Tlt)

oce  twood En;nmd-r

12!

d
"sl
P

¥

S [ge 1

vl TN

H-6

S

¥-lo

MAVMEE Tl e LACUSTRING

\artnchJ %'LT. Same S ool
o med SAND .~n4n!;’rlr'. ’

14!

ABHTAB ULA mTiLe

GUT ¢ CLAY mame [ Sadl
fiéble ;F moal .

Enl o,} bDr:rg

.

AR300037

1§ the page 4ilm

ed

in this gaame is not as 4cadab.u.,ou.-lcvgﬂ;jte}.u.,tﬁia.«,;.im.

label, it i3 due to substandard color oa condition of the original page.




TEST BORING LOG BORING NO.W-3C

Y S HOPEL_z ANOFIEC
NT . (ORQ coOgR
 EMPAIRE SOIL EQUIPMENT, AcKea&

RISt Al : R/
BLACK 5TH AiLe CASING [SAMPLER

DIAMETER " [ TYPE (e d | &S

COUPLING — [ciwos0  fuarcos DIAM__|2%" 2"

GHT HO W
consThucTion || sAweLe s

i
- [TvPe 6 Inches

¥] MAVMES I, LACYUSTRINE
5547 5]

CLASS|FICATION REMARKS

laminaded S 1T 4 CCAY,
.'n"lfh"Jd -l ;., SA”D‘

'R
65 7'_2 some it e C(-v’

@q,‘ anm 9rmy :*/-MI'/ becom soturdn)
SIET, somef Senl ea'

(c,)ﬂﬁJ)
5/‘-an, o j SAHDl LHle SIl4,

@1%5.C, become c.m SAND,
hWHie da nn’,; GRAVE(

X
STABULA Tt (Coone) Appartat salvtat

m-& GRAVEC, s0me c.,.\.} odor 197~ 50:

pacome lesr dishiact
ul*‘ﬂ Jl(*“\

Dand, some Bilt € Clay,
non. st MMJ, naa sorded

Cemead- Bentonde Growns

345’
MAUMEE TIT, LACUSTRINEG
F‘;-J’
§ SANG, Litle it strahified
+
W

lanan-‘-(.'ls ;)-'61: Wtle { Sed, Aﬂaoooae.
sec he ‘d‘ ln‘!“l“r * s.-l_

ss us'
ASHTABWA T (Coerse)

g}:‘?\g;"«};’"':‘.j.""r;'\_.j‘,;jl,rrt-‘-:-‘-' e o Co ) F S DA A N
1 I{ the page {ilmed in this frame is not as readable or Legdble ik
abel, it i4 due to substandard color or condition of theganigl::lt:age.

B




TEST BORING LOG BORING NO.w-2¢

_GRRPQRATION A
PROJECT | SMOPES LANOrIEr SHEET W0 Zof 2 |
CLIENT : corQ cogp PROJECT NO. 6218

SAMPLE

NO.(TYPE

T
WELL s CLASSIFICATION REMARKS

CONSTRUCTION R
8 inches

AS HTABULA TiLe (Candid

4 SAND, some § Gomuel,
some Clayey, Silt

@49, become m SAND
draee St nnn-l'fm*'fllj

Claye, SieT, ||“’r,{ Gl
|.‘th SDuJ

+
¢
Ull.
1
Tila
1 a
.;‘V‘
i
U

Bendon:de

@ 79, become, SILT 4 CLAY,
hHle £ 60«" dowce fom

Gravel

+472'
MAUMES JIL 4 LACISTRINEG
(50«0)

med SAND, wall Saeded

_8¥
En) o} bering ,

Sand Pack

AR300039

1§ the pagé filtmed in this frame is not as readable ox Legible.as. thii
Llabel, it {4 due to substandard colon oa iondition of the original page
. ! ) i N ' '




.|BORING .NO.W-7A

SHEET WO, 2 of &
PROJECT NO. &277F

SAMPLE

'mhnenn

%= D
Ss sy TAUMEE 1T @ LAC (Cond'd)

CLASSIFICATION REMARKS

9ray laminaded SieTd
CLAY

@ss,l bluac ‘Ommqb./
ST, 20me Saad

15§

ASHTABUA Tig (Find)
CLA ¢SKT, add f

sAND, ,lH’f,i G ravel

Ce mead- PDeadoasde Goour

;'-—(Couu s 4
SAND seme Clay $Sii¢, Are
FGaal *
@95’ 9reding e £ SAND
Mt ‘S‘ﬂ' C“Y’ 'c“&
Growl

-~ R endomle S larry, Seal

. Qo’
NG
gndes do CLAY ¢ SICT, gome AR3000|50
S S.J' drare an[ memivg ‘ '

f'

e 1 N —— e e

LTS i T e ) \ T
1 the page §ilmed in this faame is nmot as readable on Leglble.as. ehisiiiin i)
tabel, it i4 due to subatandard colox on condition o‘“fhe’oug‘.c’:ai‘:::ﬁ ik

RENIRN




TEST BORING LOG BORING NO.L7A

PROJECT . SHOPES (ANDFILL SHEET NO.2 of 2
CLIENT. LORD CORP PROJECT NO. &2778
SAMPLE
WELL
LASSIFICATIO EMA
CONSTRUCTION NO.|TYPE ¢ i N R nKs

R
6 inches

ASHTABULA TILL (Canl'd)

200 [t

$99’
MAUMEE T & ZACUSTRINE

ny B
CLAYE BT, hte] Sand drece
Gmh" alightly s'h-a/i{h

ITHITIIT

Eni o) Boriny

AR30004 |

14 the gﬁg; fitmed in this frame Ls not as uadabllho&. llc'blbl.dw.axﬂ,:thu‘
Label, 4t i due to substandard color or comdition of the origimal page, :

ERY




.—M———-———
ALUARE TEST BORING LOG  |BORING NO.L-120

CORPORATION
PROJEETT SHOPE ™S L AND Rt .
SUERY T ZoR CORP, o RN
‘Wmm,—n_smp,g'r ._-’Lo,‘ " EQUIPMENT .CME 4% (TRAILEE.
[INTAKE ][ DRILLING METHOD, & o [GROUNDT WELL_JPRGTCd
TYPE LACE STEG [2TAIESS CASING _[SAMPLER 799.2] M0
[ DIAMETER | 2~ 2" TYPE [HoA | S¢S DATE_STARTED. /2 /¢ /84

0 wAROC0  JIDAM 2" 2" DATE COMPLETED.:2/i1% /¢
IGHT 14048 DRILLER: SMITH /

Iy SAMPLE EYY AL IN]MUTEH

BLOWS
PER CLASSIFICATION REMARKS
6 inches

, | TYPE

ASHTABWA Tibt (Fine

QrMd adjaceat 4o
q! exis g Gkl Clushe
MAUMES TIT & LACUSTRING LA 12, A-B-C
F°f' (o,.‘f:lg'k a0l
d¢5cf‘.p+lo<‘ )
0.6%5' ,‘n'k'r\"',
fﬂ;ff 4.3 Mhroo\

£

21!
- Naticabk oder ia
ASHTABULA Tice, (F-M) bobe e CP"‘"‘

ta | .‘m/‘hn’

CC"‘Q-}' Be.do-de Gro~4

AR300042

: 45§
MAUMEES Tt g TAcUSTRING

T{“the page filtmed in this “M; is not as ;cadablc o u 1bl enthL
Label, it is due to substandard color or condition of 't'hegoni;Z::lt:agg,
i :




AURRE  TEST BORING LOG  |BORING NOLZD

|_comsomsmon |

PROJECT | SHOPE' £ AND Fig SHEET NO. of Z
€0__COoRrp PROJECT NO. 6778

CLIENT

SAMPLE

WELL

CONSTRUCTION E"o. TYPE CLASSIFICATION REMARKS

8 inches

MAUMEE Tp LAC (Cont'd)
Eecily

| ASHTABWA TiLL (Rim)
Cl“yty ST GJ m-'}-
DAMD, Arece Sine Grave)

@65: gﬁd:n, da CLAYY 5"7‘,

M' 5o me S-n Shn}'/ i#le J'—\
Graw)

@S] seading to CCATISIT
IMe £ -Sand , LiHle ' <

drace GmuL me uiu

t———Bendoide Sherry Seal

+ 33
MAD ' 9 SACUSTEIN

’ nJ)
5 SAND, | iHl Sii4, gnr {onianiord

Sity Chy AR3IU00LI

Q1,5+ 95"

- ClayTQW‘) ——————

&.2.94, besiint | edinaia CLAY $
)T q7!

&od 0F boring

1§ the page {ilmed in this {rame 44 not as uadqbl.c-m,‘lcgibz;._u.,th B T
Label, 4t 48 due to substandard color on condition of the original page. .

A




TEST BORING LOG

TYPE
DIAMETER

3
2"

BORING NO.L-20A
THEET W1 ol L7

14 --;2’79 ,{\

[FROTEEYT &00pL s CANDE

. FMPIRES "ol

ll
2.

FQUIPMENT ; CM&- WS (TEA
J

CASING

JOER
SAMPLER| CORE | TUBE

TYPE |W.S.A,

WELL
CONSTRUCTION

£

[COUPLING _[cowecpfy [ (e

SAMPLE

DM _ |2 7%4"

IGHT

i

, | TYPE

CLASSIFICATION

DATE STARTED.
ATE ED:
DRILLER ! MiTH

. I'787@

L MACMILLIN
REMARKS

I

d
]

MmAavmes T a LACUS'rmuf

(%na.l)

Edd of

bnrir)_’

For compkde 20
descripition, sce loy
of adjeceat boriny,
w-20¢

AR30004S -

4"the page fitmed in this frame is not as readable ox Legible as thi

b ey

4

§
Label, 4t i4 due to substandard color or condition of the ordginal page.




TEST BORING LOG BORING NO.w-208

. [PROJECTT S 1opis_LANDFIL SHEET WO 1 of 1. |
[CLIENT ; LOR0__CoRP PROJECY NO-p278 |
[ CONTF T EMAIRE S0Ik EQUIPMENT . CM#& 45 (TRAIL&R)

R INTAKE__J[ DRILLING METHOD, AJGe g GUND] WELL
TYPE K 5Tang | BTAINLISY CASING [SAMPLER| CORE | TUBE [ELEV.: [782« 9924
DIAMETER 2" 2’ TYPE |W.5.A,

ST [DATE STARTED /2/v /2y
COUPLING [wwerosd [wivoso HOMM  173%! X DATE COMPLETED: 12

WELL {GHT, PusH _|DRILLER! SmiTH
CONSTRUCTION E SAMPLE WEPEETORT- MELA' e MIZIN ]
0

BLOWS
\

Jrvee| PER CLASS! FICATION REMARKS
] ( Far compleds Sasl

6 Inches

desciphion, see lag
O,’ adjlk‘fn‘.' bon‘r”‘
w-20¢C

Nodicebk odor ‘n
Jubes  when opurl
in |qb,,.“w’

ASHTABULA Tud

<Y
MAUMaE T g LACUSTRING |
o]

AR300045

425’

Ead a,.) boring
“1‘““‘ pdge ﬁlﬁed in thl; frame is not as readabl 04- eod ,
tabet, it is due to' substan able ox Llegible a4 this. -

daad colon oa condition of the ordginal page,
|

'




—TH———
i ALURARE TEST BORING LOG BORING NO.W-20C
CORPORATION
: _Empize SOILS | TACKER
{ A vy Mud 2
YPE ncAk san | STAMS CASING ISAMPLER] CORE NLEV. [790.0] s
DIAMETER | 2+ 2°__ |[YPE [HS5A. | S5 [DATE_STARTED: ()
' > eecos0 oA 1 5% | 2"
constmoenion B[ sameie KHT Lo T
: BONS
G E R CATIO
J\ : o, |vee ‘P:‘m CLASSIFICATION REMARKS
\ v Z.) m LACUST RINE
| [35735 .
r ] O 2 el !
P 55 - 1 #e () , nan.tradihre,
Ut 2 5 @ DS, beomy aAeadifred I
n "
FPI2IS[ET2T 06! becom comf SAND, 4
3t 2= soms fome Gravel Amee b aduoalel@ 7S
il q 55 ’;:: C“"’ Q5§1|4' non .sian-;IvJ coom 3
! o Slosz2
] 3.2
I 6 55 EX]
s 2-
[ | 708501 || @ 2, became
‘ 8|9 [ss ::g Brown §om SAND  no 4o Ja\
ooy I T hHle Db, sdeadifind L
M [ ]9 |55 2-9
Y [
. . -
2 L- [T
i -‘ L 'o kx4 5.5
1 T ——— g . b —— —
! d ; - i |ss ‘;-: @m
, o F-12 Taderbrdded € iade beddud, 9ray
’ '§ :m,z S5 T4 6";‘ wdh SILTe CLAY
. ar & SAND ¢t ST ‘
G| |l
2:12
ACIE] e
- 2-10 5
ol '6-:" ASTAGULA Tt (Fin)
lie|ssHEs .Cl-,;, niT aucc;m.',(
o a9 SAND, Lbkr) Gream
F."o 17 SS 9-6 ‘
-2
18]ss 610 . 38
b L 19]ss :lo ] MAUMEE TIC o LACULTRING
s L) n(%.-n
™ .
+ [20]85 .;-2': 5"‘ SAND, semet) Si i, Aﬂsoool‘g '
[ 21|55 [253L] @40 iy & SAND, dary SiH —
L SoTH ] @UD! gredley 4o BAND, entf
\ 9177155 ::'.;; GRAvec

'

et (Pehe page 4. tne Ceaible x o

page {.&med in this frame is not as readable or Legible i

label, it {4 cue to substandard color ox condltiongﬁ" thcgougi::lt::;; e
\ : LA



© label, it 44 due

—
BUURRE

TEST BORING LOG

BORING NO.-20¢

_CORPORATION
PROJECT | SHoPF’s ¢ ANDFILG

SHEET NO. 2 of 2

CLIENT . LoRD CORP,

PROJECT NO. £27¢

WELL

T&] SAMPLE
CONSTRUCTION E

NO.|TYPE

CLASSIFICATION

REMARKS

5.25
0.4
s~

23 (95

mﬁ' LAC, (Cont'd) ',

@HTS;(bﬂn-n laminadal S1ET,
Whe [ Saal 4a'

YIS

ASTABULA TILL (Fine)

Gray SI1ET ad f SAND

190/0.5"

| Hte ,f Gravel

y
Y
1
d
i
U

> lorry Seal

@63', orediag de Cloy,
SICT, Som: .f 6-./,‘ li#ie

.-; Grovel

———— (Der o de

@73, srwding o CCAYY
SMT, 'I“’f ,; GavlL
Wille g fomSaed

g2’

MAUMES TIT A LACUSTRINE

Eud)
Canrse SAND, hith &) S+ ¢
Clay, el 0.4
|7

L}

Seed Pack

v ASTABUA Tie (Fw)
CLAY ASKT, dmeeh) ‘Groul,
Aroce £ Saud ‘ 2q

MAUMEE TIT & LACUTTANE
. =1 ay

lominadad SieT ¢ CLAY

PRI T o

1§ the

AR30004T

pagé 1iined in this faame is not as uadab‘u...oa:li‘éibie_,;A.,;ltl;' i
to substandard color on condition of the oadginal ng.

T

i, )



REETT

TEST BORING LOG BORING NO.Q-NA

CORFORRTION
[PROTECY T & Hopa's  ZAWOEICe
CUNNY ' Zogo coaP

b 620

TUBE . 6.0
DATE STARTED. il /20]8y
DA ED. /20l
DRILLER: SKJUCA
SAMPLE L MACMIECIN
MOWS
Tee| PER CLASSIFICATION REMARKS
' 6 Inches

ADSTABULA T For comphbk 3ail

descriphon, aec lay
o} adjaceat baring,
w-21¢

gl

UMEE TIT" g LACUSTRING
Sand

&Ead b} boriay

AR300048 |-

{ zhe"';;}l{um An this frame ‘ZQ not as uadabﬂ o Le lbu 4
Label, it {s due to substandard color or condition of thegoug}::alt::;:,




SRITRAL,

Bl

TEST BORING L.OG BORING NO.LJ218

CORPORRTION
[FROTEETT B Tocera ZAWOFICC X
CLIERT | 72080, [-Y-Y-] Y Jul ]
[CONTRACTOR T £meire %oi —EQUIPNENT ' ACkea 92
R m [DRILL! uF,_-g
YPE ¥ STEAL] STAWN, CASING MPLER! CORE | TWBE .. | 7828
DIAMETER 2" 2" TYPE | HSA DATE STARTED. It/zolsy

ke CFD Juwaeeofo  Jloam 2% " [} : 1] 2o/ ¢
WELL IGHT DRILLER: Skuga
consTRuCTion | | SAMPLE AL
ROWS
ﬁ Tree| PER CLASSIFICATION REMARKS
6 Inches

ASHTABULA TiLL

For complide sail
desceiphion, see oy
o} odjacrat Dering,

wr2tc

2

MAUMEE TIT g LACUSTR INE |

Greut

ASHTABUA TiLL

CC—.-* ~ Bendoade

’

35
MAVMEE T g LACUSTRING

—-—1; Beademde S)..,,, SDeal

AR300049

-

o 14 the- pagé dilmed {n this frame i4 not as uadalb’t,c,:ﬁa‘.,vlc ibleut.ﬂ,
Label, it 44 due to substandard color or condition of theoollginaz ::;e.
' I . .




TEST BORING LOG BORING NO.W-2i8

PROJECY | SHOPFS (LAND Fice SHEET NO_Z of 2.
CLIENT: LDRO CORP. PROJECT NO. 6278 b
Ll SAMPLE

WELL
CONSTRUCTION E nofrvee n CLASSIFICATION REMARKS
6 mches .

MAUMEE Ty ZAC. (Cond'd).

A
s

Hq,5’

End o.} bacing

AR300050

e pigra o - AT et

e R i et LT T LT e
SEVTE - the page dilmed in this {xame is not as readable.ox Legible.as.th. g
Label, it i4 due to substandaad colox or condition of the ordginal page; - %

Y




TEST BORING LOG BORING NO.w2IC

D
62

—EQUIPNENT . ACKER

Mud. QOTARY
TYPE ck RG] SrAnuces CASING MPLER] CORE | TUBE MY 3
DIAMETER " " TYPE |HSA. | B5 DATE STARTED. 1 /13/¥y
3y | 2° DA €0 ilin
| 40 DRILLER: Siu2A
50" T MACM KL 1IN

3

wee| PER CLASSI FICATION REMARKS

&HTA@JLA. TG

S5

- Prowa m-J SAND, %omg
S9 r S Gravel il Sikg C'q,'
non weahifie

Ss sabumiri @ 6

S5 9!

P MAUMEE IIT g LACUSTRING |
(Sand)

SS ef‘qu 0-4 gANo' Some ;-m Gmut'

<5 trace(e) [l ¢ Cln’

L“k:—’ Cap

<S e

&N
sS 18’
ss ASHTABWA Tie (Fin

GM" ST ¢ CLAY' s0me(3)
Ss ’g %,J' Arece ] ‘- Growl

Iss

@2‘4; 9ndlf9 o Clﬂyl’
S5 ST 0l fou SAND, toure §
s Growl

SR V. DU K T I N B i BT N

’ G- oad

C¢ —tad - Beodoade

SS
SS
S5

s’
55 MAUMEE 2T 9 CACUBTR NG
ss - (Bi%)
SS Gy laminalel S1ET, drmce
4o lillle Send oce Clay, ¢ Silt
g |8=28 ) acc Clay

laminebioar ‘ RR30005|

S5

.‘Iz, - a— ‘15'
[

I§ the page filmed in this frame is not as aeadable_ ox Legible a4 thu 'v
Label, it 44 due to substandard color ox condition of the origimal page.




ALURRE TEST BORING LOG BORING NO.M?!CL

PROJECT . S HOPES CANDFILL SHEET N0, 2 of 3 vo)
CLIENT,  ZORD _CORP PROJECT NO__ 6278 |~

W] sAMPLE
WELL E CLASSIFICATION REMARKS

CONSTRUCTION NO, i
8 imches

MAUMEE TIL @ LAC, (Cont'd)
and }

@49, bﬂlgn sl find £SAND ol

[? S1eT 4q.5'

ASHTABUA Tite (Fad

[ Gray SICT ¢ f SAND
hroce ; Grant

PN, grading 4o SIET,
Bem 5 Send, drece 4"‘—\
Gmwel

@8 3; anli-\, fo C‘Afo

S1eT, dme 4 Sed,
w undnk;-ld

Beadomile Shurry, Seal

191’

MAUMES TIE @ LACUSTRINE AR300052

(Clyesin) T

ey CLAYE SIET, £ opuat
Gt . leminahoar

‘1§ the page 4ilmed in this frame is not as aeadable_on, Legible. as this
Label, it 44 due to substandard color or condition of the orlginal page.
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A

L SORSOANTIEX)
PROJECT : S HoRE
CLIENT. __ Zo@P__CoRP.

TEST BORING LOG

BORING NC(L.2(C

ANDEIt G

SHEET NO.™ of 3

|

SAMPLE

WELL
CONSTRUCTION E KO,

TYPE

8 meh

W CLASS:FICATION

PROJECT NO. 62 78

REMARK!

AUMEE L ® LAC, (ContW
Clay t Sl c

a5

L

ASTARULA “Tite. (Fiad

210

MAUMEE TIT g LACUSTRING

Bendonile Saa) ——ot—

( Sand
~d- SAND, stinifil ,
1045

ASTABULA - TiLe (Fine)

SIET ¢ CLAY e 5. Sand

Aeoce ;-— Gravel

1M

End o} bOr:nJ

AR300053

1( thé ‘page. filmed in this frame is not as Aeadable .or, umu_,uf:m
label, it i4 due to substandard color or condition of the oalgi(nat page.




' —T
ik yxv - TEST BORING.LOG
" "."I" (=] i}"-sws » CNE.YT KER

1A "8 TER] CONE
DIAMETER | 2% . ].8". HSA. | 5S
. Las, 0 Ay .2

SAMPLE

TAN0 MiC
©

140 0
CONSTRXTION %o'

£
' ﬁ EL ven CLASSIFICATION
a NO. [TPE  nches o

Beaton:de
Ceunat Groat

End of Boriny

LY -

page dilmed in this frame ip not as 'uadabu‘,.o& Legible as this »
label, it 44 due to substandard colon on condition of the oniginal page,




TEST BORING LOG BORING NO.L.228B

PROJECT! S HoPfs LANOFIZL SAEET _NO L of 2
[CLIENY . _coRD_CoORR PROJECT ND.. 627§ -]

. EMPIREC 201¢ EQUIPMENT . CM& <43 (TRAIFR)
INTAKE | DRILLING METHOD. Wotcow s16m AeR WELL {
TYPE K STy | STANKES S CASING [SAMPLER| CORE | TUBE EV.. [775.0 7729

DIAMETER 2" 2" TYPE | sA S5 |DATE STARTED. 11/5/gy
COUPLING ] Wa0eo [ 040 HDM [ 2" DATE COMPLETED: IV
WELL I SAMPLE IGHT jHos DRILLER: S Ku@A

CONSTRUCTION 00 L MAc MizeN
BLOWS
|rvee| PeR CLASSI FICATION REMARKS
6 Inches
55 2.3 TOoPSOIL K
o-1 _ASHTAGULA TILL (Caencl bumbed @21
36 | comef SAND asl GRAUL, becane atuniel ©2
same Silt ¢ Clay ‘ _”H'
MAUMES I o LACUSTRINE (Sand)
Sim SANQ  drecc 4 AL

@S grading 4o fumic SAND

WHle & Gravel, sdrabified

B

95
59
55
3]
55
55
%5 @ 6] becam inderbedided widn

§ SAND, Liefl Sut, draee
55 rs Gm.«l ,

W

Y )
s |
[\

Locking Cop___4

o510 Ia |\ [

ql
_—_(%m)——.————-.—

@q: VBecame indee bedded # indtrlaminaio]
CLAYESIET win SieT

RIS LY

— &
7.
oo |=

o0
<
o

2

3

Y

I 5
[ |6
|7
3

9

R
<5 ASHTAR LA Tie (Fa)
- Clayey ST anl fiae SAMD,
55 Aruce Gmwl' nan 5%»4;;‘11,
55 massive

55
S5

@ 28‘, g radiag b Clay, SieT,
| i (o rf Send, Hrace (41
55 R -4
TG
59 . . bteome inderbedded
witn  adeadified 5”" SAND
S5 N Aracep 4o ae  SHiit

55

E>)
.@ H4O' hecam SAND, sa

SHEaT) T S% Sere | Ge| AR300058

SS Ava- l"ﬂ‘\;"" uy’

55 ‘MAUMES TLg CACUSTRINE

page ﬁlmed in this faame is not as uadable_,on,r‘uvgiﬂb:t;.,‘a) éhio;
¢ 44 due to substandard color or condition of the original page,




— T
ALURRE TEST BORING LOG  |BORING NO.L-28
|_comsomsmon

PROJECT | S HoPfs LANDFILC SHEET NO. 2 of 2
LORD _CORP. PROJECT NO. 627¢

CLIENT.
Wl SAMPLE
WELL § CLASSIFICATION REMARKS

CONSTRUCTION [TYPE R
6 inches

MAVMEE TIT p LAC, (Cond'd)
softed T ilifid fem SAND, o 4a

" LWHie Sk
55 IOO/‘ ¢¢Cl‘7°"""7 ,-,,krbﬂ‘l’f/ —idh

§ SAN0 € ST drecens £
Graucl, non sorded

PP
ASTABULA TiLe (R
Claycr ST n»/g SAUQ Y

.{ G rauel

60’

End o,} Boring

AR300056

~1 E’thc page filmed in this frame {4 not as readable.or Legible, L
Label, it is due to substandard color or condition of 'thccoug‘l::it:::::x.

A




TEST BORING LOG BORING NO.w-22C

ORE & CFItG

: ’ LoR) CcoRrRP 0
. EMRIRE 0L EQUIPNENT . CM& 45 (TRAILAR)
WELL

ROTARY

ISER INTAKE L , M
TYPE BeAck A [sTAME S8 CASING [SAMPLER] CORE | TURE |ELEV.: [775:0 7723
TYPE |HSA | S5 [OATE STARTED, 11/3/8¢
[DATE COMPLETED: 11]12]39

DIAMETER 2" 2
COUBLING Jweeoen | cufc0s0 HDIAM [ | 2"

we Tr I%PT Tqo™ DRILLER: SKURA
CONSTRUCTION SAMPLE 5o * T MACMICLIN
BLOWS

PER
TFE 6 inches

CLASSIFICATION REMARKS

1

Locking Cep_//

TOP%GIL 1,0'
ADSTABULA TiL For complede 2o}
descriphion, sec lag
.0 94 all“\ONn* bar.’n"
MAUMES TITc LACUSTRING | (W-228
(50«!)

LN

AS WTABULA Tiic

AR300057

Yu'
MAUMES" TN g LACUSTRING
1%-,4

(7t'he~' pagé filmed in this {rame s not as uadabu,»ou'u ivblcr.;u.v y ;
label, it {4 due to substandard color ox condition of thegoa'iginaz't::;u




— s
ALLARE TEST BORING LOG  |BORING NOL-Z2¢

| GOACONATION

PROJECT : ~ SHOPA'S LANDFKC ‘ SHEET NO.2 of 2
CLIENT R0 _CORP. PROJECT NO. 6278
SAMPLE

WELL
SSIFICATIO

CONSTRUCTION | B |No.[rvee| "PER CLASSIFICATION REMARKS

6 inches

o w—

JMAUMEE TIT g LAC, (Cond'd]

ASHTARULA Tt (Find

GM; Clm,q., gl‘-'r' I e f4)
gn-\-c Snn" 4m<q(~) »{GMV'|

+ 67
MAUMEE TIT A LACUDTRING
(chh/ ¢ Sult)
CLAv ¢ ST, veey :L‘_,'u‘l,

'an.’.«‘fl

——

T Band)
S SAND(,—""N S;“/ lo\Jffb'JJ"
l.—/ C'l-; ¢ S+ lqvi,:

CLATY SIET, Jaminaled

£m‘ OJ bam'n,

AR300058

TIREL TR S T T e e A _
1% the page dilmed in this frame is not as xeadable_on Legible. as thi.ibii
Label, it {s due to 4ubstandard color or condition of t"he'ou‘.gi::i't:::(ﬁ i




TEST BORING LOG BORING NO.lv-22A

P BLACK 3
| DIAMETER 2"

ATAIVLES, CASING

! O MORILL NO. 0
- %ﬁ:{—; i_:fgog;ai conf' PRORECY NO.. g2 7 |
T &§MPIRE _&OIL EQUIPNENT . C & &5 (TRAICER
N Jsga WELL

SAMPLER] CORE | TUBE
2" |[TYPE |R.5.4,
BA

[
oonmnu%Lﬂm

w080

wMoee JIiaM  [B7%.*
SAMPLE DRILLER. Sco i iNIEH

IGHT.

DATE STARTED: 11/29/ 8y

L 776 28
ED: \t/20] 0w

. MACMILL I
—

TYPE,

BLOWS
PER CLASStFICATION
6 inches

REMARKS

£
:
o

TOR®OI1L

MAUMES TIL g LACUSTRING

Ead o,.} boring

For complede 2e))
clescription see
3 o) edjecet
nar.'ﬂJ' .28 ¢C

AR300059

Y T

the ‘pag'e. fitmed in this grame is not as uadablek._oa.'lebg"ibu..u.,thu: :

Label, it {4 due to substandard color or condition of the original page.




——M——-—-—
ALURRE TEST BORING LOG  [BORING NO.#738

[FROJECT: S roPes CANDRLL
[ CLIENY . Z0R0  corP
\ EMAIRE Do EQUIPMENT . cM& 45 (TeAiLeR)
[ INTAKE ] JGEE LL

INTAKE i

TVPE o« stee | SrAocess] JCASING JSAMPLER] CORE | TWBE [BEV.. [776.6
DIANETER | 2° 2" J[TYPE |noA o |DATE STARTED, (/2 e/ 24

DATE COMPLETED 11/ /7

WELL ORILLER ! SciuNicH

consTRucTion || SAWPLE TP AAC ML TN
BLONS
= Irveel PeR CLASSI FICATION REMARKS
6 inches

SHEEY NO |_of |
JECT NO.. 62077

PL LA Beo  |wascoen B

For complede 0
deseiption see oy
24 @8 mcend bar.'n,’

W-23-C

Nn'\i“l’k odor ia

Aube  Men apfn!‘
\qbﬂl-"ﬂf’

A

, 23!
ASPTABLULA TiLe

Siir

Sa.d Bk

325

End O} bi’r‘iﬂ)

AR300060

T T§uthe page filmed in this frame is not as readable_ox Legible.ds. this:
Label,i it is due to dubstandard color or condition of thegougiualt:::h

Y




WEHRAN ENGINEERNG [TEST BORING LOG
CONSATING ENGREERS BORING NO, 16
D PROJECT  Shopa's Landfill Hydrcgeologic INVestiGATLOn, EXie; FR |SHEET NO
CLIENT . Loxd Corporation, Exie, PA
BORING CONTRACTOR: Empire Soils Inve

[GROUND WATER
[DATE [ TIME [WATER EL. |

L_SCREEN
15.8'-17.8" J3az4n] 2"

WT. 1408 [INSPECTOR gon Stoufer
FALL 30"
WELL  [enl—BAMPLE
o=
CONSTRUCTON EEB1 wo [rvee wiows re CLASSIFICATION REMARKS
[
Id [ FILL:

At 10', encountered

[ Rubber waste and yellowish brown| a liquid that smelled
7 || c-f SAND, little Silt. similar to acetone
1 ]ss 5 .
40/0.2 13,5 At 12.5', encountered
black rubbery materiall
GLACIAL TILL DEPOSIT: (rubber cement?) the

consistency of jello

[ ’ 10 - 6)| |Gray SILT & CLAY, some £. Gra=-
2155 75 - 1f |vel - saturated, stiff
| 12
3[S5] 41 17.0'
~. Lie
i 5 e
- I N O R END OF BORING
[
]
7] 20
1’. |
o] [+ V]
31 §°
3 & a
80 0
o ~
& ™R I
wl [V ]
Exdl
g’ﬁmm
8804
A'U" 30
ﬂ%Ho |
R
-] N
RN
Q ™ N
b 38

5 | AR30006

L]

w14 the gage.'ﬂlmed in this §rame is not as uadabl_.r.“oa,‘,lc.gzbui.‘j.c...thu .
Label, <t 44 due to substandard color o condition of the origipal page. | -




WEHRAN ENGINERNG TEST BORING LOG
CONSATNG ENGEIRS ]BORWG NO, 37
PROJECT : Shope's Landfill Hydxogeologic Investigation, Erie, PR

CLIENT i lord Corporation, Erie, PA

BORING_CONTRACTOR: Prpire Soils Investigations, Inc.
GROUND WATER CAY
TYPE | HSA

et

DIk, 3 as4"
WT.

FALL 30"

SAMPLE
wo, |rype Srous een CLASSBIFICATION REMARKS

2 =2
S5 M GLACIAL TILL DEPOSIT:
ss = Gray SILT & CLAY, some to and
= £. sand ~ medium, saturated
ss = below 1',

3.0'

ALLUVIAL DEPOSIT:

Brown £-m SAND, trace (+)

Clay Silt - medium dense, sa-
turated; at 5' becoming brown
m-f SAND, trace Silt-~saturated

6.0' e

END OF BORING Below 1', the samples
had an organic solvent
odor.

Sand pack
1 3/2" 1.Dp. steel casing

2 1/4™ 0.D. stainless steel screen

Cement & bentonite grout
bentonite pellet seal

AR300062

{ page ‘14tm¢d in this rame is not as 4e¢d¢b¢g oa lc ibl;-
labcl, it is duc to substandard colon or condition of thegoutg4::zt::;¢.‘




Q-‘?," DAy

WEHRAN ENGINEERING TEST BORING LOG
CONTING ENGHEERS BORING NO. 18
PROJECT : ' ogeoloqic Investigation, Erie, PA |SHEET NO. | _OF

CLIENT ' 1ord Corporxation, Erxie, PA 02361137
BURING CONTRACTOR: r 1s Investigations, Inc. ELEVATION 810.7

GROUND WATER I I3 “21=81 ]

(DATE | | WATER EL. EN__ITYPE ATE FINISHED _ 7-21-8

- ]87 DIA, I3 i Joe Genovese
wT

. 1408 NSPECTOR Ron Stoufer |
FALL 30"

|__SAMPLE

CLASSIFICATION REMARKS
| N0, [rvpe [BLONS FEN

FILL:

Black rubber, paper, and sand,
predominantly paper below 9',
wet below 13'

-3 1

155!

=3 1~

GLACIAL TILL DEPOSIT:

Gray with mottled yellowish
brown CLAY & SILT, trace c.
Sand-moist, stiff :

[N

18.0!

END OF BORING \_

(D O 1> f & U0 N0 (WD in

o) > fn (& O I i o |9

Sand pack

Cement & bentonite grout
1 1/2” 1.D. steel casing
2 1/4” O.D. stainless steel

AR300063

I¢ the' pagé dilmed in this frame is not as uad&bl.c.bon.'te ibuut '-
label, it {4 due to substandard color or condition of thego&iginaz :ﬁ;e.

'




CONSATING ENGREERS BORING NO, 19

PROJECT | Shope's Landfill Hydrogeologic Investigation, Erie, PAJSWEET NO. oF 1

CLIENT: __Lord Corporation, Erie, PA 02361137
AORING_CONTRACTOR 1 augere ELEVATION 8] .3

T I'-I‘!T;'”'!AIEQ EL. | ScREEN _JTveE OATE =218

2.2'-3.5" § DIA n_Stoulexr
WT, INSPECTOR Ron Stouf.
FALL

[ sAMPLE I
CLASSIFICATION REMARKS
wo, [rvee [SORS N

GLACIAL TILL DEPOSIT:

Brown CLAY & SILT, at 0.8' he-
coming brown £. SAND, trace
Silt, trace f. Gravel.

3.5!

END OF BORING

1 1/2" slotted PVC screen

backfill with cuttings —
1 1/2" PVC casing

Sand pack

AR300064

e £ M-

1§ the page filmed in this frame is not as 2 te_on Legible. as
] tadable ox, Legible.qs.
label, it i4 due to substandard color ox comlli.uon of thtgoai:i::tt::a“,




" Well Lty

#
! S,S AMarntpw
f 9/te(80

l7
AL Guaen T
O'?%'_ -~ brovmagr matthd 2andy lyom,
Sws avanls coliesive!
Yeadie 4o Line brown rand

Z—’.l‘ Cluae thll "%/NM
q ond 4?\\:’:‘?»( (.;#.'E:‘i)
GLACIO-LACUSTRINE (SieT)
2".&(9' qu-;ﬂj 3uwl(3 s/t leam
(bounces)

ik
0-10"  brom c,ww// Sardl foam
’ﬁl\f' 1025 §% p“?nw/{', Loam: Swiel/

GLACAL Ttk

——

Acao.%’r:e INE (S AW

=27 ?C&Mj setid m P?uﬂ dvlld
oo‘\") gw#(ly foe S‘au‘(’ [ogm
to Lonm OoT very P"mufé; a
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GLOSSARY

alluvium ~ A general term {or deposits resulting from the operations of modern
rivers, These include deposits of riverbeds, (lood plains, lakes, and
fans at the foot of steep slopes,

anisotropic - having physical properties that vary in different directions.

annulus ~ The circular opening around a pipe or tube placed into a borehole;
that area between the outside of the pipe and the sides of the borehole.

aquifer - A distinct water-bearing zone or stratum capable of producing water,

aquifer, artesian - An aquifer which is confined under pressure by impermeable
formations above and below and from which water levels
(hydrostatic head) in wells will rise above the base of the
confining bed,

aquifer, unconfined - An aquifer in whiéh the ground-water table s open to
the atmosphere, i.e., the aquifer is not under pressure
from confinement,

aquitard - A saturated formation which vields insignificant amounts of water
compared to an aquifer, but through which considerable leakage of
water occurs,

basalt ~ An extrusive rock composed primarily of calcic plagioclase and
pryoxene, with or without olivine, More generally, any fine-grained,
dark-colored igneous rock,

bedding plane - dividing surfaces which separate individual units within
sedimentary or stratified rock; or a tendency for massive
rock (no beds) to split generally parallel to ground surface,

bedrock - solid rock exposed at land surface or overlain by unconsolidated
material.

bentonite - A clay mineral which is an altered volcanic ash, It exhibits an
unusual praperty of expanding several times its original volume
when mixed in water, For this reason, bentonite is used to seal
the annulus around piezometers and wells to prevent interaquifer
exchange or contamination by surface waters.

diabase - A rock of basaltic composition, consisting essentially of labradorite
and pyroxene, and characterized by ophitic (coarse-grained) texture,

dip - The angle at which a unit layer or planar feature is inclined {rom the
horizontal, The dip occurs at right angles to the strike,
AR300070
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fluvial = of, or relating to, rivers, or produced by river action,
fractures ~ breaks in rocks due to intense folding or faulting.

glaciolacustrine ~ pertalning to lakes produced by glacial action or materials
deposited from them.

ground water ~ Subsur{ace water occurring in a zone of saturation,
in situ = In {ts natural position or place.

interbedded - occurring between beds, or lying in a bed parallel to other
beds of a different material.

joints ~ fractures in rock, more or less vertical or transverse to bedding,
where no movement has occurred,

joint sets ~ groups of generally parallel joints.

lacustrine - praduced by, belonging or pertaining to, or growing (forming)
in lakes.

lens - a body of sand or rock thick in the middle, thinning at its edges.

lignite - A brownish=black coal in which the alteration of vegetal material
has proceeded further than in peat but not so far as sub-bituminous coal,

litho-stratigraphic - based only on the physical and petrographic features of rocks.
metamorphic ~ Includes all those rocks which have formed in the solid state in
response to pronounced changes of temperature, pressure, and
chemical environment.
moraine = An accumulation of drift having Initial constructional topography,
built within a glaciated region chiefly by the direct action of
glacier ice,

NX bit - part of the drilling apparatus uses ‘n test borings. Consists of a
hollow core 2 1/8" in diameter which makes a hole 3" in diameter.

outwash - Sediments deposited by streams originating from glaciers.

peridotite - A coarse-grained, ultramafic rock consisting of olivine
and pyroxene with accessory constituents,

permeability - The ability of a porous medium (i.e., soil, rock) to transmit
water,

piezometer - A tube or pipe placed into water-bearing zones in soil or rock
to enable measurement of water level,

plezometric surface - The surface to which confined water will rise if
its full head, i.e., the level which water will rism:ﬂmo'] ‘
well or plezometer placed at the bottom of a confined
aquifer,
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porosity - Ratio of the volume of space in soil or rock not occupied by sofl
particles or rock to a total unit volume of soil or roek, usually
stated as a percentage.

PYC well screen ~ A slotted well point or perforated pipe which is installed
below ground surfece at a depth to collect ground water
inflow and keep out sediment, PVC is the abbreviation
for polyvinyl chlaride, the material of construction,

sill - An intrusive body of igneous rock of approximately uniform thickness
and relatively thin compared with its lateral extent, which has been
emplaced parallel t- the bedding or schistosity of the intruded rocks.

slickensides - polished and striated (scratehed) surfaces resulting from
friction along a fault plane,

splt¢ spoon - drilling tool used to obtain & sample, standard size 2 feet
: long, 1 1/2 inch inside diameter; pushed into boring with
hammer.

static water level - The elevation at which the water surface equilibrates
in a well or piezometer,

stratified - formed or lving in beds, layers, or strata,

strike - the course or bearing of the line generated by any imaginary
horizontal plane (e.g., the earth's surface) intersecting an inclined
bed or other structural plene, The bearing of a horizontal line
in an inclined plane, Strike is always perpendicular to the dip
of the inclined plane.

till - Heterogeneous, non-stratified sediment deposited by a glacier, It is
characterized by its wide spectrum and variable ratio of soil particle
sizes and by its high density.

time-stratigraphic = Term applied to rock units with boundaries based
on geologic time. )
unconformable ~ A distinct break in the continuity of deposition of
successive strata; not succeeding the underlying strata
in immediate order of age or in parallel position.

varves - Sedimentary beds or laminations deposited within one year's time;
or a pair of contrasting laminae representing seasonal deposition
k within one year.

water table - The upper surface of the zone of saturation when the aquifer is
unconfined as measured by the water levels in wells, Unconfined
water in which the hydrostatic pressure is equal to the atmospheric

pressure,
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47, well cluster - Two or more well points set within the same boring, but sealed
off from each other in order to monitor ground water at different
depths. Also, separate wells in adjacent borings intended to
monitor different zones of saturatian,
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AWARE 4 INC -
VARIABLE HEAD FIEZOMETER NO. W-22A
T"\ FERMEABILITY TEST

PROJEGT NO ITEST DATA
|

CLIENT: LORD CORF {ELAPSED TIME | HEAD RATIQ
{ [V 1,000
GEOLOGIC UNIT: MAUMEE T11. LAGUSTRINE ! &0 0,303
(SAND) ! 0 0,182
SOIL | 120 2,091
CLASSIFICATION:  f-m SAND tr Silt,grading tol 180 0,079
fme SAND, little f Gravel |

TESTED BY: FOM

1
|
|

; |

DATE OF TEST: 12-12-84 |

1 |
!
|
|

GRAPHICAL ANALYSIS
(HVARALEY, 1988)

BIAR RAND (MVN)

L SN DR S U (I T 1
[ [ ] 100 130
ELAPEED TiME (M )

METHOD:

k = g2 . In(L/R) 1n(Ha/Hz)
2(ta - t4) ’

Where:

K= permeability in cm/sec 9. 2E-04 cm/sec

r = well radius 2,54 cm

R = bore radius 10,16 cm

L = sand length 198.12 cm

2! head ratio at ti 1 (dimensionless)

1 = elapsed time at H1 ) seconds

H2 = head ratio at t2 0. 182 (dimensionless) AR30007S
t2 = elapsed time at H2 90 seconds t e

1§ the'gﬁgé 1lined in this aaan¢,i¢,not as xcadablcﬂpafiihiﬂlichuth44
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AWARE , INC .
VARIABLE HEAD FIEZOMETER NO.
FERMEABILITY TEST

PROJECT NO3: 6279 {TEST DATA
!

CLIENT: LORD CORF {ELAFSED TIME | HEAD RATIO

| 0 1.000
200 2,992
600 0.987
00 0.982
1900 0.976
2400 0.941
HO0N0 0943

GEOLOGIC UNIT: MAUMEE [IIE LACUSTRINE :
|
!
1
!
! 7800 2. 904
!
!
!
!
!
!
|

(SAND)
soIL
CLASSIFICATION: m~f SAND,grading to f SAND
and SILT

12840 0.895
22440 0.768
84240 0.387
75640 9. 340
108540 0.293
168360 0. 144

TESTED BY: FDM
DATE OF TEST: 12~12-84

GRAPHICAL, ANALYSIS
(HVORBLEY, 14AS)

LIS ASRE B M | T

& e ' # 1
. :umn"r"ﬂ?{&%nn)

METHOD:
k = r2 In(L/R) 1n(Hi/Ha)
2L(ta -~ ta)
Wheret
K= permeability  ipn cm/sec 8. 26-07 cm/sec
r = well radius 2.54 cm
R = bore radius 10.16 cm
L = sand langth 213.36 cm

H1 = head ratio at t1 0.387 (dimensionless)

tl = elapsed time at Hi 84240 seconds ;
H2 = head ratio at t2 0.131 (dimensionless) AR300076¢
t2 = plapsed time at H2 183180 seconds o .-

o~
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AWARE , INC. fem
VARIABLE HEAD FIEZOMETER NO. W~22~B
FERMEABILITY TEST

FROJECT NO: 6279 ITEST DATA

-

CLIENT: LORD CORF {ELAFSED TIME | HEAD RATIO
oo 1,000
120 0.935
240 0,886
420 0.8164
720 Q. 733
1220 0,510
2640 0,285

GEOLOGIC UNIT: MAUMEE l!lﬁ LACUSTRINE [ t
! |
| !
! |
! {
! !
! 940 1 . 0,028
] |
! !
| |
! !
| !
| !
| |

(SAND)
SOIL
CLASSIFICATION: f~-m SAND, no to little Silt
interbedded with f Sand %
Silt, tr Gravel (BT

TESTED BY: FDM 18720 0,008

DATE OF TEST: 12-12~84

GRAPHICAL ANALYSIS
{uvoamEy, (988)

LA 1 T T T T T
]

10
:umé?&ﬁ&'?nom)

METHOD:
k = 2 __1n{k/R) In(Hi/Ha)
Atz -~ 5y)
Wheret
K= permeability in cm/sec 2. 1E-05 cm/sec
r = well radius 2.54 cn :
R = bore radius 10.16 cm
L = sand length 198,12 cm

Hil = head ratio at ti 0.510 (dimensionless)

t! = elapsed time at H1 1320 meconds

H2 = head ratio at t2 0.285 (dimensionleas)

t2 = slapsed time at H2 2640 gseconds 53300077
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AWARE , INC.
VARLABLE HEAD FIEZOMETER NO. W-2%H

FERMEABILITY TEST

PROJECT NOt ' ITEST DATA

i "READ RATIO
! P 1,000
| P 0.997
i L 0,997
| b 0,993
i 1840 1 0.990
! o940 | 0.983
: 11040 1 0,960
! 72840 | 0.727
z |
| |
1 x
n |
! |
| |

N :

-
CLIENT: LORD CORF |ELAFSED TIME
[¥]
&OD
00
1140

GEOLOGIC UNIT: MAUMEE Ille LACUSTRINE
(S1L.T)
SOIL .
CLASSIFICAT I0ON: massive SILT, interbedded
with SILT % CLAY and with
6T

84540 0.691
97740
167440
165240

TESTED BY: Fom
0. 651
0.494
0.473

DATE OF TEST: 12~12-84

s 1o

GRAPHICAL ANALYEIS
(HYORMLEY, 1088)

- -]
-
-4
-4
-4
-
-
-l
-
-4
-t

:unnn e O l)mounl)

METHODR:
k = r2__ __1In/R) In(Hy/Hz)
: Atz ~ ta)
Where:
k= permeability in cm/sec 1.8E-07 cm/sec
r = well radius 2,54 cm
R = hore radius 10.16 cm
L = sand length 243.84 cm

Hi = head ratio at tit 0,993 (dimensionless)

t1 = elapsed time at H1 1140 seconds

H2 = head ratio at t2 0,451 (dimensionless)

t2 = elapsed time at H2 97740 seconds AR300078
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AWARE , INC.
s["\‘ FERMEABILITY TEST

VARIAELE HEAD FIEZOMETER NO.

W-~24H

FROJECT NO: Q277 | TEST
!

DATA

CLIENT: LORR CORF
!

GEOQLOGIC UNIT: MAUMEE IIIB

SOIL

CLASSTFICATION: m~f SAND, trace to little
Silt

TESTED BY: FDM

!
|
|
!
|
!
!
|
!
DATE OF TEST: 12-~12-84 !
|
|
i
|

]

300
a0
900
3120
76800
117300

|
!
]
!
|
|
!
I
!
|
|
!
!
|

{ELAFSED TIME | HEAD RATIO

1.000
0,948
0. 927
0.913
0.B16
0,056
0,031

GRAPHICAL ANALYSIS
(HvaRmL.Cv, 1088)

1,000

o704 !u
0.0
' 0801 ~
(PO
o318 ~
LTI
ax00
XTI
[ RETRE
0,400
0nre -
0.088
0,080
o

MEAS RARD {Sv/Me)

o082

0,019 T T T T T T
a0

P 0 . a0 400
:un:é?ﬁ?uranmnq

-

METHOD:

k = r2 . 1In(L/R) In(Ha/Ha}
2L(tz - t4)

Where:

K= permeability in cm/sec K= 2. 6E~D6

r = well radius 2.54 cm
R = bore radius 5.08 cm
L. = sand length 152.4 cm

H1
‘ t1
‘ H2

|
|

head ratio at t1 0.814 (dimensionless)
elapsed time at Hi 3120 seconds
head ratio at t2 0,056 (dimensionless)
elapsed time at H2 76800 seconds

cm/sec

AR:00079

TSI
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AWARE , INC.
VARIAELE HEAD FIEZOMETER NO. W-21C
PERMEABILITY TEST

FROJECT ND: ITEST DATA

| HEAD RATIOD
! | 1. 000
| | 0.989
| ! .97
| | 0. 950
| a300 0.908
| 11160 0.863
! 24600 0.767
| azean | 0.392%
| !
| |
| |
| i
| !
| !
| {

|
CLIENT: LARD CORF |ELAFSER TIME
[¥]
120
60
2040

GEOLOGIC UNIT: MAUMEE 111, LACUSTRINE
(SAND)

SOIL

CLASSIFICATION: m SAND, trace SILT

TESTED BY: FoM 74260 4347
107160
165642

174660

0.302
0.161
0.150

DATE OF TEST: 12-12~84

GRAPHICAL, ANALYSIS
(HVORALEY, 1088)

8:.»-,«:“
METHOD: '""‘“‘L“

k = r= In(L/R) 1n(Hs/Ha)
2A(ta -~ t,)

Where:

K= permeability in cm/sec ?.7E~07 cm/sec
r = well radius 2.54 cm

R = bore radius 5.08 cm

L = sand length 106,68 cm

H1 head ratio at ti 0.393 (dimensionless)
;l elapsed time at Hi 82860 secands
2 = head ratio at t2 0,150 (dimensionless)
t2 = elapsed time at H2 1746460 seconds “3300080

O

priromraraLn

T R~ " .
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AWARE 4 INC.
VARIABLE HEAD FIEZOMETER NO, W~22

FERMEABILITY TEST

ot o 1 P e O e P e e o 8 o L e

FROJECT NO3 K279 ITEST DATA

I, e
CLIENT: LORD CORF {ELAFSED TIME | HEAD RATIO
| 0 | 1,000
H 00 0.957
| F0O0 0.962
| 1800 0.948
| 3640 0.924
! 7200 0. 6882
| 16720 0.763
| 81940 0.346
1
!
|
|
|
t
|

BEOLOGIC UNIT: MAUMEE IIIA LACUSTRINE
(SAND)
SOIL
CLASSIFICATION: f SAND, trace Silt
interbedded with Clay &
8ilt

0900 04299
103200 0. 261
167140 0137
170700 0. 126

TESTED BY: M
DATE OF TEST: 12-12-84

GRARHICAL. ANALYBIS
{HVORBLEY, 1088)

METHOD:
k = rx 1n(L/R) In(Hi/Ha)
2L(ta ~ t,)
Where:
K= permeability in cm/sec 1. 1E~04 cm/sec
r = well radius 2,54 cm
R = bore radius 8.08 cm
L. = sand length 106.48 cm

Hi = head ratio at t! 0.763 (dimensionless)

t1 = elapsed time at H1 16920 secands )

2 = head ratio at t2 0.126 (dimensionless) AR300081
= @lapsed time at H2 170700 seconds . -
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METHOD:

ko ' AntlzRY IngHy /H
: ~ )

Where:

k= permeability 1n am/sec t 1. 1604 cm/see

r = well radius 2.54 cm

R = bare radius 5,08 cm

L = sand length 1&7.64 am

HI = head ratio at t} 0. 45% (dimensionless)
t1 = elapzed time at Ht &Ny seconds

H2 = head ratio at t2 0276 (dimension)ess) ‘ P
ti = elapsed time at H2 900 seconds ARSUOOBZ {

N\
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GRAPHICAL ANALYSIS
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1,000 E

0704 ~

WEAD RAYID (w/Me)

T L] L) T ) L T L} T T
a 100 120 140
{Mau nc?
ShAPREQ) nus'zm Baames)
h -

noronne e el lalel]

METHUD:
ko= L2 e NLZR) 20 (Hy fHz)
.tz =~ t,)
Where:
k= permeability 1n cm/sec - i BE-Q7 cm/sec
= wall radius 2594 em
\ = bore radius S.08 em
= sand length 182.88 am

= head ratio at ti 461 (dimensionless)
= glapsed time at H! 131460 seconds
= head ratio at t2 G261 (dimensionless)

2 = elapsed time at H: 178940 seconds AB3OUDQ3
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TEST DATA !

CLIENT: LORC CORR.

ELAPSED _ TIME

JOB NO: 6279

Ches)

HEAD RATIO g
hy / b)

DATE OF TEST: —7/22/%9!

(RS, - tug) 0.00

SCREENED INTERVAL:
MAVMES T B8

(Caa r-n)

0.7%
|6l
Y42

METHOD:

r’l

2L ("‘:-4.)

K

la (L/R) 14 (M /H,)
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q.72
4,03
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. 89
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HEAD RATIO (h, /h

|

IS SPOT N NS EVNTY B L
L

RO S I O )

1

L

0l..
.0

A 3
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v O sce
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"1 "the pa
Label, it is due

ge filmed in this frame is not as neadable qx. Legible

.aé. th
to subsatandard colox or condition of the original page.

T aaa

TP



—THE——

RALUJRRE

CORPORRATION

" VARIABLE HEAD
"} PERMEABILITY TEST
PIEZOMETER No. (/12 B

PROJECT: <>HopPE's ¢ANDEILL

TEST DATA

CLIENT ! LORD CORP.

ELAPSED - TIME | HEAD RATIO

JOB NO: 6274

CHn) (0 /0

DATE OF TEST: 7/22/8 (R.S . we)

SCREENED INTERVAL:
ASHTABULA Tie ~ASHTAGULA ( Fiine)

0.co
0.62
1,46 , 8%
518 s

{,00
L

METHOD:!

L (L/R) Iu CH./H,)

6,98 57
9,57 M6
i\, 8% Y

HEAD RATIO (b, /B,}

Ry
.3'.

el 4

ol.. i1 Lt e A e

o

A 7
ELAPSED TIME (H.)

CALCUL ATIONS:

K. (.9

& \rq Cm ( )

] ‘002 [N
|22 Cw
|.00
Osec
Yo

. 9,57k 3 BHYYO 3o

], (122/102)
2 (122)(3 4440 ~0)

K, %% x10~?

-(5%)

AR300085

cm /9‘&

' ‘\
e —— e

1§ the
Label,

page ﬁatmed in thla trame ia not as readable_or legtblc as th44a.wﬁn‘
it 4s due to substandard color or condition of the oalginal page.




—THE~——— VARIABLE HEAD

AR PERMEABILITY TEST

CORPORRATION PIEZOMETER No. (W-12C

PROJECT: SHOPES LANOFILL TEST DATA
CLIENT: LORD ¢ oRP ELAPSED TIME [ HEAD RATIO “...

JOB NO: 62714 Min) (hy / )
DATE OF TEST: 7/221%] (RS - el 0.0 1.0
SCREENED INTERVAL: '
2,0 a4
MAUMES T ¢ (Coarn) 7.0 1
12,0 .72
2,0 . L8

31,0 . R0
[ (L/RY 1a CH, ) oL "

METHOD:

HEAD RATIO (b, /h.)
o
w

o
~

R e e

20 by (=]
ELAPSED TIME (M:-)

CALCULATIONS:

K. (1.9) (a1 /0.2) |, (,_oi>

v L9 cm 2 (21)(1300.0) 30

R: 10,2¢~

L: Qlea

H,» {00

$, = O
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PERMEABILITY TEST BY TRIAXIAL CELL WITH BACK PRESSURE
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- - -2 76
Volume 257 /3/57717 1,3 47/45"5&
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Back Pressurc: : 40 psi Efft. Confinin D e
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. - oo -QxLxRt
Saturation /6012% Ko *"axAxt
o;o.“f_,',;’-?I

Trial 1 Trial 2 Trial 3 Trial 4
Qcc 132p08 By " 37n b e k@

Lems 10/ to /G (0. /¢ 0 /0
_Rt (Temp /£:3) (1043 (043 {:0«3 1 0g 2
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Project:
Sample No.

Dimensions of Specimen:

Height Diameter

Tnches)  {Inches) -
1.3‘7/0 102‘?0(0

2,278 9, 2F70

Welght of Speciment

Initial Welght £87 7 Grams

Lbs

Final Weight $43.5 ‘C‘irams
bs

LAY ‘{__Grams
Lbs

3,318 3.2768
4, 37 AR946
5, 27175 2479
370621, Ave, 2'72%%p,
G A 54 CMS F- 47754 CMS
prea 4o 6152 1 426787 st
Volume 24+ £834. 3. 00423y,
t3a:7 pef
70 _psi

Dry Welght

Il

236 %
2755 %

Moisture Content:

Initial

Avg.
Final

(32§ pef
(075 pef

Density, Wet [nitial
Density, Dry

E{ft. Confining

Pressure:

_%xbxm
K:!O' XAXL

Density, Wei Finals

Back Pressure: —_
&3 ot

-~

Saturation: 100Ny
§h g 722
.,/ 2' S

Trial §

Trial 4
S prh

Trinl 2 Trial 3

Q cc

¢ /571‘

c ri,.L

)

Leoms

7 1i4 '3 D49

90t 396

993775

Rt (Temp /£.)

[ O

LR

/' 0ér 3

XL

[: 063

h_ems

——————

17¢ (4t &

70 /U403

N I

S YR

é &. cms

G 8787

21 GIF T

G2 6789 "

Xy

ST

H2:6762
" Fale

/Cdfps - '

K,0 em/sec

290250 7.

A 748507

e 2
ATpr0m7

INITACRE

Remarks: ‘ﬁ')dy/ﬁ’g, dﬁ‘!ym/ ot /,’Jd/(, d-u7' San~d. ) W “yaunes
A% .
X ' i E??Agg =7

)
1 —_ S&un
%;‘2«»{, $e f"'/' Kzo AVg- cm/s\ef .

L aud pesTieg ' ‘ o

agre—T —— [ [,

I1¢ thé pvage'iumed in this frame is not as ale'ad;btc,nﬂ. lcgl'bl,cu,u,kthum..
Label, it 44 due to substandard colox ox condition of the ordiginal page.
b - ,




S

B

CONSLLING ENGINEERS

WEHRAN LOG OF UNDISTURBED 30IL SAMPLES

o

| _Propct AWREE A 6278 Project Number LESL #- zsq“:/*‘m

| _Client t“élﬁ 13.5' Dig, 3 Inchas

.

Sompla UD~ 70 | Recovery 7! ! >

Dote |~ |S—-KY . Remarks

R

TYPE OF TEST |
PERFORMED

23

SRR

Bram c--F"'Sa«J,, Strot SI T

21

T e mA{mbve . .

A

K 1esy

4B ST, oo £ Sandl
Sl Sknton s deffd ) op

R,

 Cnbrose oy i it

I

b £ Soudl | fro 7 ramd

?‘E'C\f--=;339’\’ »> H

< S

e—-

A - n‘l-v‘ \./

(B

d0TTON QF
SFMPLE

§ the page 1lln¢d in this trame is not as aeadableuon:lealbl¢_¢4
la?e{.‘4t {4 due to substandard color o condi{@on of the oﬁlglnal'page.

L)y

AhLaZil

A

[




WRHRAN ENGINEERING SOILS LAB
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