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ECKENFELDER INC.,

January 17, 1990

Mr. Eugene A, Miller

Lord Corporation

2000 West Grandview Boulevard
Erie, Pennsylvania 16512

RE: Revised Lord/Shope Remedial Investigation Report
Dear Mr. Miller:

We are pleased to present Volumes I and II of the revised Phase 11 Remedisl
Investigation Report (RI) for the Lord/Shope site located in Girard Township,
Pennsylvania.  These volumes include the text and the hydrogeclogic maps,
respectively, The Phase 11 RI report was originally submitted on July 10,
1989 in accordance with the Propcsed Work Plan for a Phase 11 Remedial
Investigation Study, dated April, 1988, This report has been revised to
incorporate the comments received in a letter from the Pennsylvania Department
of Environmental Resources (PADER) on December 6, 1989, The Appendices
contained in Volume I1I have not been transmitted as they were not revised.

All of PADER's comments regarding the R1 were addressed in the revised
submission, These have been incurporated into the RI in the form of text
revisions, changes to several tables and figures and additions to each of the
sheets,

If you have any questions regarding this or any other muiter, please do not
hesitate to contact us,

Very truly yours,

ECKENFELDER INC,.

I

séoft D, MacMillin
enior Manager

W

Robert D. Mutch, Jr., P.Hg., P.E,
Executive Vice President
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EXECUTIVE SUMMARY

This report presents the results of the Phase 11 Remedial Investigation of the
Shope's Landfill site in Girard Township, Pennsylvania, The site was
previously owned and aperated by Melvin Shope, who disposed of various
industrial wastes that originated from two Lord Corporation plants located in
Erie and Saegertown, Pennsylvania. The site, which was operated until 1979,
received waste rubber scrap, demolition debris, and drummed waste consisting
primarily of spent adhesives, waste paint, and paint sludges plus some smaller
quantities of solvents, cooling oils, acids and caustics.

A remediation of the landfill was voluntarily conducted in accordance with an
Administrative Consent Order by Lord Corporation in 1982-83, This included
removal of exposed drums, construction of & composite landfill cap, the
construction of an upgradient groundwater cutoff wall and the regrading and
revegetation of the landfill, The stated objective of this work was to reduce
the generation and release of new leachate by 99 percent, Post construction
monitoring data have indicated that this reduction has taken place, based upon
the assumptions presented in Section 2.2,

Numerous site studies have been conducted since 1980, These studies included
the investigation of groundwater, surficial soils, deep soils, surface water,
and the water quality monitoring of site monitoring wells and nearby
residential water supply wells,

A two-phased, comprehensive field investigation has been conducted in
conjunction with the preparation of this Phase II Remedial Investigation
Report.’ " The Phase 1I field investigation included the drilling of test
borings at seven locations., Nine new, individual wells or piezometers were
installed bringing the site total to 92, Other activities included hydraulic
conductivity testing on numerous wells and piezometers, and the sampling and
analysis of soils, surface wvater, sediment and numerous npew and existing
monitoring wells, The data from this 1n§c|tig|tion have been.combined with
the substantial existing database, including the data from the Supplemental
(Phase 1) Remedial Investigation, to provide this comprehensive sita docwment.
Finally, the resultant datsbase has been placed into perspective.as to ‘the

£S-1 .
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existing and potential future impact that the site may have with respect to
publie health (presented in a separate report),

By way of summary, the following conclusions regarding the hydrogeologic and
environmental conditions of the Shope's Landfill site can be drawn:

The site is underlain by & thick series of glacial deposits, These
deposits include at least three laterally extensive glacio-
lacustrine deposits interbedded with intervening glacial tills,
Minor amounts of glaciofluvial deposits were observed at the surface,
Bedrock was not encountered in any of the borings.

Discrete, laterally continuous water-bearing zones have been
identified that correspond to the coarse-grained subunits of each of
the glacio-lacustrine units and to sdjacent coarse-grained tills,
These water-bearing zones have been termed Water Table, 1nterm|d1¢§|
and Deep.

None of the water-bearing zones except for the surficial Water Table
Zone and one area of the Intermediate Zone north of the landfill can
be termed an aquifer due to their relatively Jlow hydraulie
conductivities, Likewise, the groundwater flow rate in most of the
Intermediate Zone and in the Deep 2one is relatively slow, The
groundwater flow rate in the water table is significantly more rapid,

Groundwater within the Water Table and Intermediate =zones flows
toward the north and northwest in response to the site topography.
The Deep zone flows toward the southwest,

Vertical hydraulic gradients between the Water Table Zone and the
underlying Intermediate Zone are downward beneath the landfill and
upward north of the site, Vertical gradients from the Intermediate
Zone to the Deep Zone are strongly downward throughout the site area,

»
Surficial soils are found to contain volatile organic compounds

around the immediate perimeter of the landfill, These correspond to

gs-2 AR30|589
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wet "seep" areas and to an area of possible waste spillage to the
southeast of the site. Volatile organics in this southeastern area
have been observed to extend to a maximum depth of 30 feet,

A well defined groundwater plume has been identified consisting
primarily of non~halogenated volatile organic compounds, but also
containing halogenated volatiles, The plume is restricted primarily
to the Intermediate zone but is also found at lower concentrations in
the water table zone, In general, the plume has migrated
approximately 150 to 600 feet toward the north and west. An
exception is a plume extension north of the landfill that has
migrated approximately 1400 feet from the landfill in an area shown
t-. have u higher hydraulic conductivity.

Elevated levels of metals have also been detected in the Water lele
and Intermediate Zones including barium, cadmium, chromium, cobalt,
copper, mercury, and zine, However, most of these metals are
restricted to the wells located close to the landfill,

Relatively low levels of semi-volatile organics have been observed in
only a small number of wells, primarily located at the landfill}
margin.

PCBs and pesticides have not been observed in any samples.

No evidence of landfill-derived constituents has been observed in the
deep zone downgradient of the site,

No residential wells have been affected by the groundwater plume,

Small volumes of surface water containing volatile organics have been
identified in the "seep" areas immediately adjacent to the site.

However, no observable flow emanates from these wet areas,

No indication of landfill derived organic compoundsﬂ\ﬁs%ere? ved
in the two small streams in the vicinity of the site, There‘is some
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RAECIEty A

evidence of elevated metals {n the small stream located north of the
landfill.

Low levels of tetrahydrofuran and several metals were detected in
several of the Intermediate Zone wells located east of the landfill
in a cross~gradient direction., The presence of these compounds in
cross-gradient wells is attributed to spillage that may have occurred
along the site access road. The landfill is not considered to be a
viable source of these compounds at this location,

Improvement of water quality in water table and intermediate zone
wells located downgradient of the site provides a further indication
of the benefits of these remedial measures, However, fhese measures
have not addressed the existing groundwater plume located further
downgradient of the site,

30163)
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1.0 INTRODUCTION

This report presents the results of both phases of the Remedial Investigation
that has been conducted at the Shope's Landfill site in Girard Township,
- Pennaylvania, This site was formerly owned and operated by Melvin Shope, who
disposed of industrial waste generated by two Lord Corporation Plants located
at 12th Street in Erie, and in Saegertown, Pennsylvania. Lord has taken over
the property and is now responsible for all aspects of the site, including

environmental remediation.

The Phase 11 Remedial Investigation (RI) has been conducted on behalf of Lord
Corporation in order to supplement the existing data that were collected
during previous investigations, This work included two hydrogeologic
investigations conducted in 1979-80 by Dr. Samuel Harrison followed by
additional hydrogeologic work by Wehran Engineering in 1981. A number of
remedial options were evaluated on the basis of those hydrogeologic data, An
option was selected that included the removal of exposed drums, construction
of a composite cap, an upgradient groundwater cutoff wall, and improvements to
site drainage. Those remedial measures were voluntarily implemented during
1982-83, A consent order was entered into by Lord Corporation and the
Pennsylvania Department of Environmental Resonrces (PADER) which included, in
addition to the requirements associated with the remedial action, the
development and implementation of a monitoring program. Additional monitoring
wells were installed by AWARE™ in 1984 in order t: expand the existing
monitoring well network, A hydrogeologic summary report was prepared in 1985
on the basis of data collected from these newly installed monitoring wells.

A considerable body of hydrogeologic and water quality data was in place as a
result of the above-described programs, prior to the initiation of the subject
Remedial Investigation (RI), This current investigation, which has been
conducted in accordance with the RI guidance under CERCLA, has addressed these
existing data in addition to presenting the new data, In this way, this
report serves as a comprehensive report of the field investigations that have
been conducted at the site by ECKENFELDER INC. (formerly AWARE Incorporated),

AR301693
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The investigation described in this report was conducted in two phases. The
initial phase of work (Fhase I RI) was conducted during 1986 and 1987, and was
reported in the Shope's Landfill Remedial Iavestigation Report (AWARE, 1987),
The second phase of work (Phase 11 R1) was conducted during 1968 and 1989,
This Phase 11X report contains the new data collected to date and is
essentially an update of the original 1987 report. The RI report primarily
addresses the hydrogeologic characterization of the site.  However, other
media such as site surface water and air quality have been addressed as well,
In addition, a Biota Study and a Revised Baseline Public Health Evaluation

have beep conducted and are presented as separate reports.

This report is contained within three volumes. Volume I contains the Phase II
Remedial Investigation Report, As previously stated, this report is an update
of the 1987 RI report, 1In addition, the RI report has relied extensively on
the existing Hydrogeologic Summary Report (AWARE, 1985) and the Remedial
Effectiveness Report (AWARE, 1986b), much of which are contained within. The
hydrogeologic maps are presented in Volume I1I as a bound set of 2' x 3' sheets,
The Appendices are found in Volume I11.
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2.0 SITE CHARACTERISTICS

2.1 SITE OPERA&QN AND DESCRIPTION
-

In this section, the location, physical features, and a brief history of the
operation of the landfill are presented.

2,11 Site Location

The Shope's Landfill site is located in Girard Township, Erie County,
Pennsylvania (Figure 2-1). The property encompasses approximately 25.2 acres
and is situated between U.S. Route 20 to the north and Interstate Route 90 to
the south. The property is bounded on the east by two residential properties
including that of Melvin Shope, an apple orchard and vineyard to the south, an
evergreen nursery to the west, and an overgrown cornfield to the north, The
nearest population center, Girard Borough, is located two miles to the
northeast, The only nearby residences are located along Pieper Road, to the
east and portheast and along Route 20 to the north. The Overlake Golf Course
is located close to the site, to the north,

2.1,2 Site Layout

The landfill occupies approximately four acres of the central portion of the
property'(Sheet 1 of 21). The remainder of the Lord property includes mowed
grass on the east and forest on both the north and west,

The property ranges in elevation from a maximum of 820,]1 feet on the landfill
cap to less than 780 feet in the northwest corner of the property. The
landfill itself is manifested as a grass covered mound, rising a maximum of
20 feet. The adjoining land slopes gently to the north and northwest,

2.1,3 Site History and Waste Components

The Lord/Shope site was formerly used as an industrial waste landfill, The
site was owned and operated by Melvin Shope whose wife still ARQ“':&QB
east of the landfill, Mr. Shope, who worked for Lord Corporation in the

v 2-1
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Maintenance Department, hauled and disposed of waste generated from Lord's
12th Street, Erie and Saegertown plants. No waste other than that generated
by these Lord facilities is reported to have been disposed at the Shope's site,
The landfill was operated from the late 1950s until its closure on June 26,
1979,

The waste contained in the landfill was disposed of directly on the original
ground surface, On this bas{s, the thickness of the waste does not exceed a
maximum of 20 feet, The approximate landfill base grade is presented on
Figure 2-2. This map was prepared on the basis of borings drilled through the
landfill and a pre-remediation (1982) site topographic map.

The waste contained in the landfill reportedly consists mostly of waste rubber

scrap, demolition debris, pallets, and paper. However, drummed chemical
wastes consisting primarily of spent adhesives, waste paint, and paint sludges
vere also disposed in the landfill, These primarily contained non-halogenated
compounds including xylene, .vnrious ketones, toluene, and naphtha and only
small proportions of chlorinated compounds.  Minor quantities of drummed
wastes including chlorinated paint and degreasing solvents, non-PCB cutting
oils, and miscellaneous acids and caustics were also deposited in the landfill,
Disposal of drummed waste was discontinued following a fire that occurred at
the landfill on June 26, 1971,

2.2 SITE REMEDIATION

A remedial action was undertaken in 1982 and 1983 in accordance with an
Administrative Consent Order, The remediation included the removal of exposed
drums, the construction of a composite cap, the construction of an upgradient
cutoff wall, and the regrading and revegetation of the site, The
effectiveness of this remedial lction has been evaluated and it is believed
that it has been approximately 99 perccni effective.  The covaluation of
effectiveness is presented in detail in Appendix H.

The stated objective of the remedisl work was to reduce the volume of new
leachate that was generated and released from the landfill. lLatdrmiw |
generated through the percolation of incident precipitation through the

2-3
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landfill surface and from groundwater inflow through the landfill, The cap
was intended to virtually eliminate the infiltration of precipitation

into the landfill. The cutoff wall was intended to reduce the volume of

groundwater inflow into the landfill from upgradient sources.

The effectiveness of the remedial work has been evaluated on the basis of pre-
and post~construction monitoring data, These data indicate that approximately
87.5 percent of the leachate had been generated through the percolation of
precipitation in the landfill.  This source has been almost completely

" eliminated by the construction of the landfill cap, Furthermore, direct
groundwater flow through the base of the landfill has been reduced
approximately 94 percent through the combined effect of the upgradient cutoff
wall and the landfill cap, The actual combined effect of these improvements
is difficult to sssess; however, it is believed that an estimated 99 percent
reduction in leachate raduction has taken place. (Appendix H)

2.3 ENVIRONMENTAL SETTING
2,3.1 Land Use

The area surrounding the Shope's landfill is primarily rural. Figure 2-3
indicates that the area within the vicinity of the landfill is predominantly
used for agricultural purposes. With the exception of a number of scattered
residential areas bordering the roads, the only other significant land use is
that of the golf course located to the north and north-northeast of the site.

The scattered residences within the vicinity of the site are supplied with
vater from private wells and use septic systems. The nearest residences which
are ip downgradient directions from the landfill are located at least
3,000-4,500 feet away, '

Zoning regulations exist in Girard Township. The zcning in the vicinity of
the site is depicted on Figure 2-4, The site and the adjacent land to the
south is presently zoned A-1 (Agricultural). The udjoininé land to the north
is zoned R-3 (High Density Residential), although it is prele)f}i vacant,
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2.3.2 Climate and Meteorology

Climatological data have been recorded at the NOAA measuring station located
at the Erie International Airport, approximately 1l miles northeast of Shope's
Landfill. The climate in this part of the state is characterized as
continental; however, the presence of nearby Lake Erie is a major factor with
regard to the overall climate., The lake generally moderates the temperatures
and produces an excess of cloudiness and frequent snow and rain squalls,

Temperatures (Table 2-1) range from a normal daily maximum of 78.2°F in July
to a normsl daily minimum of 17.7°F in February. The precipitation
(Table 2-2) {s relatively evenly distributed throughout the year with the
highest mean monthly precipitation being recorded in September at 3.66 inches
and the lowest mean being recorded in February at 2.39 inches, The most
significant snowfall occurs in January with an average monthly accumulation of
21.6 inches, A summary of the monthly wind data is presented on Table 2-3,

On an annual basis, the prevailing wind direction {s from the south on lh

average of 11,2 mph,
2.3.3 Surface Water

The land in the vicinity of the Shope's site is drained by two unnamed streams
that are tributaries of Elk Creek., Elk Creek is a major stream that drains
directly into Lake Erie, approximately two and one-half miles to the north,
Both of these streams likely represent man-made drainage channels excavated
many years ago to provide site drainage for agricultural production in this
area. The larger of the two streams, termed "unnamed" tributary, originates
approximately 2/3 miles southeast of the site and flows around the south,
west, and north sides of the site. A smaller stream originating immediately
north of the site flows north to a point where it joins the unnamed tributary.
Neither of these streams flows directly on the Lord/Shope property,

The unnamed tributary flows continuously throughout all periods of the year in
the vicinity of the site, However, the upper 1,000 feet of the smaller stream
flows only seasonally in periods of wet weather, The locationﬂﬂSﬁe‘ng«a

streams are designated on Figure 2-1,
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TABLE 2-1
TEMPERATURE DATA SUMMARY
ERIE, PENNSYLVANIA
(1951 ~ 1980)

Normal Normal Normal
Dally Maximum  Daily Minimum Monthly
(Deg. F) (Deg. F) (peg, F)

January
Febuary
march
April
May
June
July
August
September
October
November
December

oNNDmNLocoDODULmOWL

WU WU & W
QOO LU Wt

e
~
o

Annual

source; NOAA (1984)

AR30170H

T tk‘e'::kﬁ'g;“"limed in this uauo.f;;{aﬂnot, uuadab{; ’
gqbe{;‘ﬁt‘lo‘duc Lo substandard color or condition od‘th:.ggfsz;ait




TABLE 2-2
PRECIPITATION DATA SUMMARY
ERIE, PENNSYLVANIA
(1873 ~ 1984)

Mean Mean
Precipltation Snowfal)
(Inches) (Inches)

January
Febuary
March
April
May

june
July
August
September
October
November
December
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Annual

Source; NOAA {1984)
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TABLE 2-3
WIND DATA SUMMARY
ERIE, PENNSYLVANIA
(1873 ~ 1984)

Prevailing
Mean Speed Direction
(mph) (through 1963)

january
Febuary
march
April
May

June
July
August
September
October
November
December

- - -t
W = DWW WOO 2Nt
MIOMN OOVOUVONNNW

-
-
»

Annual

Source; NOAA (1984)
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2,3.,4 Site Drainage

Surface drainage of precipitation on the landfill cap is now well controlled
by drainage improvements constructed as a part of the remedial action in
1982-83, Cap runoff {s directed through several swales off the cap and around
the perimeter of the landfill towards the woods west of the site. Most of
this runoff likely recharges the water table in this area west of the aite,
However, some of this flow also moveﬁ'directly to a poorly defined swale that

flows in a northwesterly direction from the site.

Prior to the construction of the site cap and the associated drainage swales,
a significant quantity of uncontrolled surface flow occurred to the north of
the site into the small stream. In an effort to stem this flow, s shallow
drainage swale was copstructed by the northern, adjacent property owner, This
swale was constructed parallel to the present northern property line to direct

the flow in an easterly direction toward the small stream.

Several areas adjacent to the site are seasonally wet. These areas have
previously been termed "seep" areas by representatives of the Pennsylvania
Department of Environmental Resources (PADER), However, for the most part,
they are not truly seeps as no flow is observed to emanate from these areas.
Rather, these ‘'seeps" represent areas in which the shallow water table
intersects the ground surface in low lying areas. The degree to which
standing water exists in these areas is reflected in the seasonal position of
the water table, That is, the "seep" areas are observed to be wettest in the
spring and early auﬁmer. The locations of the designated "seep" areas are
indicated on Sheet | of 2],

2.4 DEMOGRAPHY
As described in the previous section, Girard Township is in a predominantly

rural part of Erie County, Pennsylvania., Demographic data for the Township
has been characterized on the basis of 1980 census data.

AR301707
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‘ The population of Girard Township has steadily increased since 1930, The
projected population in 1986 was 4,380 as compared to a 1930 population of
1,465, The most rapid growth occurred from 1970 to 1980 during which the
population increased from 3,074 to 4,306, The census projections indicate
that the Township will continue to grow due to large amounts of land that are

available for development,

The age distribution in Girard Townahip in 1980 was relatively young with a
median age of 27.7 years. A complete compilation of the age distribution is
presented on Table 2-4,

The household and ethnic composition of Girard Township from 1960 to 1960 is
presented on Table 2-5, During this period, the number of households has
increased by 65 percent, while the number of persons per household has
decreased by 15 percent.

The total labor force of people residing in Girard Township in 1980 was 2,106;
Manufacturing and retail trades represent the predominant occupation of
Township residents, Additional data on labor and employment are presented on
Table 2-6.

The total number of housing units available in Girard Township in 1980 was
1,587, as presented on Table 2~7., The number of vacant units was 100. The
median value of the houses at that time was 544,200 (Table 2-8).
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TABLE 2-4

1980 AGE DISTRIBUTION DATA
Girard Township, Pennsylvania

Female Total Percent

94 197
146 286
316
415
332

Total

Median Age

Source: 1980 Census, Erie County, PA
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TABLE 2-5

SUMMARY OF 1960, 1970, and 1980
POPULATION CHARACTERISTICS

1960 1970

Total Population 2,432 3,074
Msle Population 1,262 1,535
Female Populstion 1,170 1,522
White Population 2,425 3,068
Black and Other Population 7

Median Age NA

Percent 18 and Under NA

Percent 65 and Over

Number of Households

Persons Per Household

Source: 1980 Census, Erie County, PA
1979 Girard-Lake City Area Background
Analysis and Comprehensive Plan
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TABLE 2-6

GIRARD TOWNSHIP
EMPLOYMENT AND LABOR FORCE STATUS
16 YEARS AND OVER
1980

Total Labor Force

Employed
Unemp loyed

Not in Labor Force

Employed Persons_by Industry

Agriculture, Forestry, Fisheries, Mining
Construction
Manufacturing:
Nondurable Goods
Durable Goods
Transportation
Communication, Other Public Utilities
Wholesale Trade
Retail Trade
Finance, Insurance, and Real Estate
Business and Repair Services
Personal, Entertainment, and Recreation Services
Professional and Related Services:
Health Services
Educational Services

Other Professional and Related Services

Public Administration

Source: 1980 Census of Population and Housing, Erie County, PA AR30 ‘7 l l

i 2-16

the-page Yitmed in this ‘aau s, nots-as. neadable  on. ¢
L, 4t 44 due to substandard color or qondl.t,lq;“ahz' th




TABLE 2-~7

GIRARD TOWNSH1P
INCOME PROFILE

Per Capita lncome

1981} 1983!

7,296 7,660

Earnings
Wage or Salary
Non-farm Self-Employment
Farm Self-Employment
Interast, Dividend, or Net Rental Income
Social Security
Public Assistance

All Other

Hean
$20,526
§19,170
§15,311
$ 5,666
§ 1,25
§ 3,728
$ 1,888

§ 2,075

Source: 19680 Census of Population and Housing, Erie County, PA

! Projected Data
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TABLE 2-8

GIRARD TOWNSHIP
ROUSING INFORMATION
1970 and 1960

Total Housing Unitsl
Median Value

Median Contract Rent
Number of Vacant Units?

Number of Occupied Units?

1970
1,011

§13,749

§ 78,00
N/A
N/A

1980
1,587
§44,200
§1668,00
100
1,419

1 Including vacant seasonal and migratory units
Year-round housing units by occupancy status
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3.0 HYDROGEOLOGIC INVESTIGATION

3.1 METHODS AND PROCEDURES

A two phased hydrogeologic field investigation was conducted as a part of the
Remedial Investigation, in accordance with the two Proposed RI/FS work plans
(AWARE, 1986a, 1988a). The methods and procedures utilized during the
investigation are described below:

3.1,1 Drilling and Well Installation

An extensive drilling and well installation program was conducted from July to
December 1986, in July 1987, and in November and December 1963 as a part of
the Remedial Investigation (RI).  The objectives of the program are as

follovs:
To provide a background monitoring well cluster
To define the plume extension north of the landfill
fo provide wells and piezometers to be utilized for aquifer testing

To provide additional detection monitoring wells immediately
downgradient of the plume

To provide a secondary ring of monitoring wells between the plume and
groups of residential water supply wells.

Drilling was conducted primarily by Pennsylvania Drilling Company, Ine, of
Pittsburgh, Pennsylvania, using an Acker Model! 81 truck-mounted drill rig.
Gne .well, (W-34) was drilled in June, 1987 by Empire Soils Investigations,
Inc, of Orchard Park, New York, also with the use of an Acker drill rig.

All drilling was completed under the continuous supervision of an experienced
geologist from ECKENFELQER INC, The geologist maintained a canbtmuous log of
the work as it proceeded and directed the well installation operation.

i 3-1
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Soils were sampled either continuously or at five foot Intervals at all boring
locations! Soils were visually classified in the field according to a system
modified after Burmister (1958), Representative portions of each sample were
stored in glass jars for later observation. iogu for wells and test borings
are presented in Appendix A.

The following section describes the rationsle for the installation of wells
and piezometers during each of the phases of drilling. The specific drilling
and well installation methods are described subsequently in Section 3.1,1.3,
The locations of all of the tast borings, wells and piezometers, except the
early varning wells, are depicted on Sheet | of 21.

3,1.1,1 Phase I Drilling (1986-1987)

Background Well Clusters

Well cluster, W-26 (A, 5, C), was installed at a position that would serve |ﬁ
background location for the water table and intermediate zones, as shown on
Sheet | of 21, This new background cluster replaced two existing well
clusters, W=7 and ¥-8, that had previously been utilized for the determination
of background water-quality conditions. The new cluster, W-26. consists of
three single~cased monitoring wells constructed in the water table,
intermediate, and deep water-bearing zones. The wells have been constructed
according to the specifications contained in Sectien 3.1.1.3,

Definition of Plume Extension

Additional work was conducted in order to define the lateral extent of
the plume in the intermediate water-bearing zone. This was done with a series
of test borings conducted in two ‘phases followed by the installation of two
monitoring well clusters.

Seventeen test borings were drilled in the area north of the landfill in an
effort to delineate the extent of the plume, Split-spoon ‘'samples were
collected continuously to & depth below the intermediate water-hearing zoma.
These soil samples were visually classified in order to identify 'aRy

3=2
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stratigraphic characteristics that could have influenced contaminant flow
toward this area, The oamples ware also analyzed in the field for volatile
organics with the use of an HNU Model PI~10] photoionization trace gas
detector as per the method described in Section 3.1,1.3. The selection of
successive boring locations was determined in a stepwise manner dependent upon
the field determinations from the previous borings., In addition, selected
samples were analyzed in the laboratory to confirm the HNU results, This was
continued until the areal extent of the plume extension was determined.

Two of these test borings were completed as small dismeter (1-1/4 dinch)
plezometers, These piezometers, desjgnated PZ-~1! and PZ-13, are intended for

water level determinations,

Wells W-20B and W-~20C were originally installed as piezometer detection wells
in an area that was previously believed to be uncontaminated, However, levels
of organic contaminants have been detected at this location.

On the basis of the observed hydrogeologic conditions, it was concluded that
the deep well, ¥-20C, should not be contaminated, This conclusion was
supported by lithium chloride tracer testing that suggested that annular
leakage in Well W-20C could have occurred, This would have allowed small
quantities of contaminants from the Intermediate Zone, in which W-20B is
screened, to migrate into Well W-20C. On this basis, W-20C was completely

removed, The borehole was subsequently reamed and grouted.

Perimeter Well Installation

Two additional perimeter well clusters were installed at locations north of,
and downgradient of, the plume extension as identified by the test borings.
These wells have been designated as W-27 (A, B, and C) and W-32 (A and B).
These were installed as well clusters in the same water-bearing zones as the
existing monitoring wells, The shallow water well was installed as a
single-cased well. The intermediate and deep well in each cluster were

‘constrvucted as double-cased monitoring wells, The drilling and well
construction specifications are described in Section 3.1.1.3, Aﬁao l 7 l7

3-3
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Residential Early Warning Wells ('.b
"

.
Monitoring wells were installed at three locations between the landfill and
groups of downgradient residences with domestic water supply wells. These
vells, designated as W-29, W-30, and W-31, are located 1000 to 2000 feet
downgradient of the existing plume and serve to provide additional protection
as an "early warning" in the extremely unlikely event that contaminants from
the landfil] were to migrate as far as these residences. The wells have been
placed in locations such that if contamination occurred, a sufficient amount
of time would remain, on the basis of known groundwater flow rates, that an
alternate water supply could be secured before the domestic water supply wells
would become contaminated. It should be noted that groundwater from the
vicinity of the site would require a lengthy period of time to reach the
nearest downgradient domestic wells, based upon existing groundwater data for
the area near the site, Furthermore, natural attenuation mechanisms would

probably prevent any contaminants from moving this great a distance,

The early warning wells have been installed at the same depth as the domestic
wells in each group of homes. For this purpose it was necessary to determine
the depth of these wells, The domestic well construction specifications were
determined from existing recorde, where possible, However, since little data
exist regarding these wells, a house-by-house telephone survey was conducted
to contact most of the homeowners, In addition, discussions held with area
“drillers who installed each of the wells yielded additional data regarding the
depth and construction of the wells,

One early warning well was installed upgradient of each of three groups of
homes at locations as shown on Figure 3-1, It was not necessary to install
multiple depth wells (clusters) at any of the early warning well locations
because it was established that the depths of the domestic wells were fairly
uniform. Each of the wells was installed as a two-inch diameter single-cased
monitoring well, The wells were installed as per the specifications in
Section 3,1,1.3,
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Aquifer Test Pumping Wells and Piezometers

Two large diameter (4 inch) wells were installed for the purpose of conducting
long term (72 hour) pump tests, One well, W-28, was installed in the
Intermediate Zone in an area that is typical of stratigraphic conditions
beneath the majority of the site, The other well, W-33, was installed in the
most coarse-grained materials in the center of the plume extension. This area
is stratigraphically distinct from the rest of the site,

Three additional piezometers, P2-18, PZ-19, and PZ-22, were installed in the
vieinity of well W-33, These piezometers were intended for water level
determinations during the aquifer'test. Test borings B-86-20 and B-86-21 were
not completed as piezometers, as had bean intended, due to the insufficient
thickness of the coarse~grained deposits at their respective locations.,

Well W-33 was installed approximately six months prior to initiation of the
squifer test. It was discovered at the time of the test that the efficiency

of the well had declined to the point where the well was incapable of :
sustaining a sufficient yield for the pump test, On this basis a new well, (ZD
W-34, was installed in July 1987, adjacent to W-33, as described in
Section 3.1.1.3,

3.1.1,2 -Phase IT Drilling (1988)
Definition of Plume Extension

Three additional monitoring well clusters were installed in the Plume
Extension area, located north of the landfill. One well cluster, W-37 (A,B),
vas installed outside of the probable extent of the plume in the golf couise
to the east. This cluster is intended to be ﬁlad in concert with the existing
Perimeter~Datection wells to monitor the leading edge of the plume. Two other
vell clusters, W-36 (A,B) and W-39 (A,B), were installed within the probable
area of the plume in order to better define water quality conditions along its

AR301720

Each monitoring well cluster consists of two wells constructed in the Water’ Q_)

perimeter.

Table Zone and Intermediate Zone, respectively, The wells were constructed
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according to the specifications contained in Section 3.1.1,3, The
Intermediate Zone well was constructed with a double casing.

Residential Early Warning Wells

An additional Early Warning well cluster, designated W-35 (A,B), was installed
between the landfill and the Pieper Road residencea, This cluster is intended
to provide additional protection as an "early warning" in the unlikely event
that contaminants from the landfill were to migrate in a cross-gradient
direction toward these residences, The early warning well(s) were located to
provide sufficient advance warning to protect the quality of existing,
domestic water supply wells.

The early warning wells were installed at the same approximate depths as the
domestic wells in this group of homes based upon a survey of the residential
vells, In this way, a monitoring well couplet was installed with wells ip
both the water table and Intermediate Zone. The shallow water table well was
installed as a single-cased well. The Intermediate well was instalied with a
double casing, The wells were constructed according to the specifications
described in Section 3.!}.1,3,

Deep Zone Perimeter Detection Wells

A deep, confined water-bearing zone has been identified at a depth of
approximately 75 to 105 feet below the ground surface, This unit is confined
by a low hydraulic conductivity aquitard that is believed to protect this zone
from landfill-derived contamination, However, unlike the shallower

water-bearing zones that flow toward the north and northwest, the Deep Zone

has been shown to flow toward the southwest,

On the basis of the demonstrated direction of groundwater flow, no true
downgradient wells have previously existed in the Deep Zone. Therefore, a new
monitoring well was installed in the Deep Zone at the location of the existing
W-6 cluster, designated W-6B, This well was installed as a double-cased well
as per the specifications in Section 3,1,1.3, ARBO l 72l
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Well Abandonment

Two existing deep wells, W~l and W-3C, have previously exhibited the presence
of landfil)l contaminants, These wells were screened immediately below the
most highly concentrated portions of the plume and were believed to have
leaking annular seals, as was the case of deep well W-20C, Wells W~ and W-3C
were installed at the same or at an earlier time, using the same methodology.
The well seal methodology in use at that time did not employ an oversized
borehole and the use of double casings as has most recently been employed.
Therefore, it is likely that contamination that has been observed in the deep
wells had resulted from movement downward through a leaking seal under the
influence of the strong downward hydraulic gradient,

Wells W-1 and W-3C were permanently abandoned. This was accomplished at W-3C
by drilling around the well casing with hollow-stem augers and pulling out the
well casing. The barehole was subsequently reamed and then sealed with
cement /bentonite grout emplaced by the tremie method,

This procedure was not possible with well W-1, This small diameter well
appeared to be constructed within an ungrouted six-inch steel casing driven
into an undersized borehole, presumably by the cable tool method: An attempt
to pull both the small diameter PVC riser and the steel casing was
unsuccessful, Both broke off a short distance below the ground surface, It
was not possible to drill over the six-~inch casing with augers as was done in
the case of W-3C, due to its large diameter,

Due to the difficulties in removing the casing, the only remedy available for
the abandonment of W-l was to f£ill the PVC riser and the annular space between
the riser and the steel casing with grout. This should be adequate ip that it
is believed that a bentonite pellet seal exists immediately below the steel
casing, and that the steel casipng is sufficiently close to mecﬁinicnl contact
with the formation to limit vertical movement, Details regarding each of the
vell abandonment procedures are found on the boring logs (Appendix A),
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Background Area

The piezometric data indicated the existence of an apparent groundwater divide
in the Intermediate water-bearing zone, located between the background wel],
W-268, and the site, The elevation and location of this divide is important
in the evaluation of Well W-26B as a background well, Accordingly, a
piezometer was instailed,

A piezometer, P2-38, was installed at a location between W-26B and the site,
This piezometer is intended to be used only for the measurement of water lavel
data in the Intermediate Zone in order to demonstrate the presence of this
apparent divide. This piezometer was installed in the ssme manner as a
single-cased monitoring well. '

3,1.1.3  Drilling and Well Installation Methods.. Pilot borings for the
installation of monitoring wells were performed using one of several drilling
methods, These included hollow stem auger and water rotary. The drilling
equiphant was decontaminated prior to use on the site, including all augers,
rods, split-spoons, and other tools that may have been introduced into the
subluiflce. The decontamination effort involved steam cleaning with a
portable unit.

Single~Cased Monitoring Wells

Each single-cased monitoring well was constructed with a two=-inch diameter,
five-foot long wire-wound, stainless steel well screen installed on & two-inch
diameter black steel riser (Figure 3-2). Clean, coarse sand was placed in th;
annular space around the well screen and riser from the base of the screen to
at least two feet above the screen, A layer of bentonite pellets, two to five
feet thick, was placed above the sand pack, To prevent preferential migration
of surface water or groundwater through the well annulus, a cement/bentonite
grout was placed by the "tremie" method from the top of the bentonite pellet
seal to a point several feet below che existing ground surface, A lockable

protective casing consisting of four-inch diameter steel pipmawja set in
(Y2

bi723

concrete approximately three feet below grade,
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Double~Cased Monitoring Wells

Each double-~cased monitoring well was'constructed as a two~inch diameter well
within an exterior steel casipg which serves as a double well seal. The
double seal is intended as extra protection against annular leakage
(Figure 3-3),

A ten~-inch minimum diameter borehole was drilled to a point at least ten feet
below the top of the aquitard, A six~inch diameter steel casing was then
pressure grouted from the bottom of the borahole, After the initial grout
seal had set, a five and one-half inch diameter borehole was continued to the
desired completion depth, A two-inch well was installed in the completed
borehole., The well was constructed with a five-foot long stainless steel,
wire-wound well screen on a two-inch black steel riser, Clean, coarse sand
was placed in the annular space around the well screen and riser from the base
of the screen to at least two feet above the screen, A layer of bentonite
pellets, two to five feet thick, was placed above the sand pack. To prevent
preferential migration of surface water or groundwater through the well
annulus, a cement/bentonite grout was placed by the "tremie" method from the
top of the bentonite pellet seal to the existing ground surface. A lockable
cap was then welded to the top of the outer steel casing.

A concrete pad was constructed at least three inches above grade and was
mounded to direct run-off away from the well, Each newly-installed monitoring
vell was fully developed upon completion by repetitive surging with oil-free
compressed air,

Test Borings for Chemical Analysis

Test borings were utilized in order to collect soil samples for chemical
analysis,  The test borings were drilled with hollow stem augers, Soil
inmplel for chemical analysis were collected at specified intervals with a
large diameter (3-inch) split-spoon sampler, Each soil sample vas placed in
two glass jars, each equipped with aluminum foil-lined lids. One jar was used
for analysis in the field and then discarded, Each of the aecoqi jar samples
from each boring was stored for potential confirmatory laboratory anaiymis,
3-11
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The analyses were performed with an HNU Model PI~101 photoionization detector
(PI1D) trace gas meter, equipped with a 10.2 eV lamp, referenced to benzene.
The data presented in Section 7.0 indicate that this {nstrument {s
sufficiently sensitive to the majority of the volatile organic parameters
present in the groundwater plume,

The sampling devices (i,e,, split-spoon) used to collect soil samples for
chemical analysis were thoroughly cleaned prior to each use as described in
Section 3,1.3.4. Each test boring was pressure grouted upon its completion
with cament/bentonite grout.

The field analyses were conducted by the head space method using the PID meter,
The sample vaa allowed to equilibrate to a standardized temperature, typically
20°C, The lid was then removed from the sample jar, thus exposing the foil
which was then piarced by the analyzer probe to allow a trace gas measurement
to be taken.

3.1.2 Aquifer Testing

Aquifer tests were conducted on wells W-28 and W-34 in order to achieve the
following objectives:

To evaluate the water-bearing zone characteristics such as hydraulic

conductivity (k) and storage coefficient (s).

To provide estimates of the naximum safe yield of these and any

subsequent recovery wells,

Tests on each of wells W-28 and =34 vere conducted on two separate occasions,
For each test, the well was pumped with a 1/2 horsepower, four inch diameter
submersible pump which was operated by a diesel-powered portable ;en;rltor.
The discharge from the wells was maintained at a constant rate which was
determined by measuring the amount of time that was necessary to fill a known
volume and/or with the use of an in-line flow meter, The discharce, was
subsequently pumped to a 10,000 gallon capacity swimming pool, [veates mear
well W-9, where it was temporarily held for transfer to tank trucks for
disposal at a waste-water treatment plant in Albion, Pennsylvania,

AR301727
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Prior to the commencement of the aguifer tests, In-Situ, Inc. Model SE~1000B
environmental data loggers (Hermits) wera installed in selected pimzomerers
within the vicinity of each of the pumping wells, These data loggers
monjtored the water levels in the piezometers at short term intervals for a
number of days. In addition to the data loggers, a cohtinuous recording
barometer was also set up on the site in order to measure the changing
barometric pressure before, during, and after the pump test. A review of the
barometric data allowed for the determination of any corresponding changes in
the water levels which were a result of the changing barometric pressure.
These data were umed to determine the barometric efficiency of the aquifer
which i{ndicates the degree to which the water level in the piezometer will be
affected by changes in the barometric pressure. These data can be used in
order to adjust changes in water levels which are a . result of barometric

pressure changes as opposed to changes imposed as a result of the pump test,

Prior to the commencement of each aquifer test, a yleld test was conducted at
each of the wells in order to determine their respective maximum yield, This
test consisted of pumping the well for a limited amount of time (minimum 2-3
hours) and measuring the resulting drawdown in the well, This test indicated
a sustainable pumping rate of 0.25 to 0.5 gal/min for W-28 and approximately
0.5 to 1.0 gal/min for well W-33, The resulting yield in W~33 was far below
the lnticipltad yield of 15 gal/min which was estimated from the scil samples
collected during the drilling and the in-situ recovery tests which were
conducted on the well shortly after its completion. This i3 believed to be
due to clogging of the well screen by iron bacteria, An extensive effort was
made to redevelop and trest the well in order to obtain the expected yield,
These efforts, however, were not successful, and further recovery tests
indicated that the hydraulic copductivity measured at ¥W-33 hed decreased by
approximately one and ona half orders of magnitude. As A result of these
findings, it was determined that it would be unproductive to conduct the
squifer test utilizing well W-33, On this basis, it was decided to install and
develop an aedditional well adjacent to W-33, designated W-34, Subsequent
yield tests indicated the maximum yield at W-34 was approximately 10 gsl/min,
This value was deemed to be reasonable with respect to the observed

hydrogeologic conditions, ARSB I 728
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Data Collection

The pump test on well W-28 was conducted at a pumping rate of 0.25 gal/min.
This low volume was obtained by using a recirculation drum. This
recirculation system consisted of a 55-gallon drum equipped with a valve
located approximately one half the distance from the top of the drum and a
discharge hose located approximately one quarter of the distance from the top.
Water was pumped from W-28 with the one-half horsepower submersible pump at a
rate of 5 gal/min directly into the drum. The valve was adjusted to allow for
a discharge of 0,25 gal/min, The remaining 4.75 gal/min of flow was
recirculated back down the well, Thus, the effective discharge rate from the
well was 0.25 gal/min.

The resultant 0.25 gal/min discharge from the well was temporarily stored in
additional 55-gallon drums and then perjodically pumped to the swimming
pool with a small centrifugal pump.

buring the aquifer test, water levels in the pumping well and selected wells
and piezometers were monitored at regular intervals, These data were
subsequently used to determine the characteristics of the water~bearing zone
which are presented in detail in Section 3.4,1,1,

The aquifer test on W-34 was conducted at a rate of 7 gal/min., The discharge
rate was monitored continuously using an in~line flow meter, This discharge
was periodically confirmed by measuring the volume discharged in a given
amount of time. The discharge from the well was pumped directly to the
swimming pool, The water in the pool was subsequently pumped to the tank
trucks at approximately 10~hour {ntervals,

Water levels in the pumping well and selected wells and piezometers were
monitored throughout the pump test at regular intervals, These data were
subsequently used in the calculations to determine the characteristics of the
water-bearing zone and are presented in detail in Section 3.4,1,1,
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T e il T T ettt

14" the: page {4l ' : readabe o

oo

vage {twed in this (rame s not us readable_on, Leglbls. o bhibs
Label, it is due to substandard colox or condition of thegou'gi:al ::4“1., :




3,1,3 Groundwater Quality Sampling

Numerous groundwater quality samples have been collected prior to and during
the course of the Rl1, Many of these samples have been collected as a part of
the ongoing routine groundwater monitoring program, as described in
Section 3,1.3.1,  However, samples have also been collected to provide
spocific data for the RI, as described in Sections 3.1.3.2 and 3,1.3.3, On
this basis, numerous groundwater quality data are available from the
background, perimeter, and selected plume wells, The laborstory analyses
performed on all samples collected prior to July 1988, included a group of
volatile orgenics determined by gas chromatography (GC), a group of five
metals, and a number of indicator parameters (Table 3-1).  The {ndicator
parameters included a total volatile organic (TVO) and total halogenated
volatile organic scan (THVO) by GC. The particular laboratory methodology
utilized for the TVO and THVO scans is very sensitive, while providing an
excellent indicator of the presence of volatile organic compounds, For these
reasons, the TVO and THVO data have been previously relied upon in tﬂo
inspection of earlier water quality data.

All samples collected subsequent to July 1988 have been analyzed for Target
Compound List (TCL) parameters following Contract Laboratory Protocol (CLP) or
equivalent. This list of parameters is significantly more comprehensive than
that previously employed, The specific analytical methodologies are described
in detail in the "Quality Assurance Project Plan for the Recharacterization of
and Interim Monitoring of the Lord-Shope Landfill Site, Girard Township -
Pennsylvania" (QAPP, Lord, 1988). The laboratory analyses and Quality
Assurance/Quality Control (QA/QC) procedures have been conducted by Lord

Corporation, or their contract laboratory, according to the methods described
in the QAPP,

All of the water quality data, along with the routipne monitoring data, have
slloved for the detailed evaluation of the position of the plume as it relates
to the perimeter wells, A summary of these data is presented in Appendix F
and on tables in Section 5.0, ThF complete. field and laboratory data for

AR301730

these samples, including QA/QC, are on file at Lord Corporation
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TABLE 3-]
ANALYTICAL PARAMETERS
PRIOR TO 1988

_ Catepory A

Chlorinated hydrocarbons

vinyl chloride
chloroform

carbon tetrachloride
methyl chloride
trichloroethylene
tetrachloroethylene
1,1 dichloroethylene
1,1 dichloroethane
1,2 trans-dichloroethylene
methylene chloride
1,1,1 trichloroethane

Category B

Heavy Metals

arsenic
barium
cadium
chromium
lead

Category C

Non-Chlorinated Hydrocarbons

methyl isobutyl ketone
methyl ethyl ketone
acetone

4-methyl, 2-pentanel
tetrahydrofuran
benzene

toluene

xylene

Category D

Indicators

pH

conductivity

sulfate

total dissolved solids (TDS)

chemical oxygen demand (COD)

chloride

total volatile organic scap (purge and trap GC with FID Detﬂﬁaﬂ'! ?3 l
total volatile halogenated organic scan (purge and trap with EC or Hall

Detector) |
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3.1,3,1  Interim Groundwater Monitering Program, A periodic groundwater (‘.h
.

monitoring program has been in effect for the duration of the RI, It is
intended that this interim program will remain in effect until the operation
of additional site remedial measures takes place, at which time the monitoring
plan may be modified.

The specific details of the Interim Monitoring Program have changed somewhat
over the course of the RI, However, the basic objectives have remained the
sume. The objectives of this program are as follows:

* To monitor background water quality conditions

To track the physical boundary of the perimeter of the plume, both
laterally and vertically

To provide an "early warning" system between the site and groups of
downgradient domestic water wells '

To directly monitor selected domestic water supply wells,

Phase 1 ~ Interim Croundwater Monitoring

The monitoring during Phase I consisted of the sampling of thirty~five wells,
These include a background well cluster and seven clusters of
perimeter-detection wells located downgradient of the site, 1In addition,
early warning wells have also been monitored, These consist of wells located
between the site and downgradient residential water supply wells, Early
warning wells are also located between the site and one group of
cross-gradient residences. Finally, a number of residential water supply
wells have also been monitored, Table 3-2 lists the identification of each of
the wells in the program. The well locations are depicted on Sheet 1 of 2]
and Figure 3-1,

Samples were collected and analyzed semi-annuslly using equipment that has

been dedicated to eyach monitoring well in order to eliminate the po ?ﬁ f6732
cross contamination, The specific sample collection methodology is described * (::)
in the following section,
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TABLE 3-2
R1 = PHASE I
REVISED INTERIM MONXTORING PROGRAM
MONITORING WELL DATA

Monitoring Geologic Well Depth
Well Number Well Group Zone (ft)

Maonitoring Wells

W-26A Background Water Table
W-26B Background Intermediate
w-26C Background Deep

W-IWT Early Warning Water Table
w-7 Early Warning Intermediate
w-7A Early Warning Deep

w-29 Early Warning WI/1Int

w-30 Early Warning WI/Int

w=-31 Early Warning WI/Int

W-20A Perimeter-Detection Water Table
w-21A Perimeter-Detection Water Table
Ww-21B Perimeter-Detection Intermediate
w-21C Perimeter-Detection Deep

Ww-224 Perimeter-Detection Water Table
W=22B Perimeter~Detection Intermediate
w=22¢C Perimeter-Detection Deep

W-23A Perimeter-Detection Water Table
w-23B Perimeter~Detection Intermediate
w-23C Perimeter-Detection Deep

W=244 Perimeter-Detection Water Table
W~248 Perimeter-~Detection Intermediate
W=24C Perimeter-Detection Deep

W=25WT Perimeter-Detection Water Table
¥-27A Perimeter-Detection Water Table
w-278 Perimeter~Detection Intermediate
w=27¢C, Perimeter-petection Deep

W=324 Perimeter~Detection Water Table
w-32B Perimeter-Detection Intermediate
w=374A Perimeter-Detection Water Table
w-378 Perimeter-Detection Intermediate

Residential Water Supply Wells

Barto
Carey
Frey
Gilbert
Kinear

Srowart. AR301733
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The Phase 1 analytical parametera are listed on Table 3~1. Briefly, the
samples were analyzed annually for the Category A, Chlorinated Hydrocarbons; (T-D
Category B, Heavy Metals; and the Category C, Non~Chlorinated Hydrocarbons.

In addition, the wells were analyzed semi~annually for the Category D,
Indicator Parameters,

Phase 11 - Interim Groundwater Monitoring

The Phase II groundwater monitoring objectives have been met through the
continued use of 37 wells, These include a background well cluster and nine
perimeter-detection well clusters/locations located downgradient of the site,
In addition, five early warning wells have been monitored. These consist of
wells located between the site and both downgradient and cross~gradient
residential water supply wells. Finally, seven residential water supply wells
have continued to be monitored. Table 3-3 lists the identification of each of
the wells in the program.

Samples have been collected and analyzed periodically following the
methodology described in Section 3.1.3.4. The samples have been collected on
s semi-annual basis. These and all other samples collected during Phase II
have been analyzed for the TCL parameters.

3,1.3.2 Site Recharacterization. Samples collected from selected
locations have been analyzed for Target Compound List (TCL) parameters
following Contract Laboratory Protocol (CLP) or equivalent, These locations
included select Plume wells, the background well cluster, as well as select
surface water sampling stations. These locations were described on page 18 of
the December 24, 1987 letter, Re: RI report from Mark Gorman of PADER to
Eugene A, Miller. The data collected as a part of this program have been
evaluated along with the data collected from the Interim Groundwater
Monitoring and plume characterization programs.

3.1.3.3  Plume Characterization. The Interim Groundwater Monitoring Plan,

as previously described, serves only to document the bounds of the plume.

This has been accomplished through the placement of wells that “ﬂ&gyb@&b

© plume's leading edge. However, additionnl data were also collected from welll
3-20
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TABLE 3-3

RI ~ PHASE II
INTERIM MONITORING PROGRAM
MONITORING WELL DATA

Monitoring Geologic Well Depth
Well Number Well Group Zone (ft)

Monitoring Wells

W-26A Background Water Table
W-268 Background Intermediate
W-26C Background Deep

W=29 Early Warning WT/1nt
w=-30 Early Warning WT/Int
w-31 Early Warning WI/1Int
W-35A Early Warning Water Table
W-35B Early Warning Intermediate

W-68 Perimeter-Detection Deep

Ww-20A Perimeter=Detection Water Table
W=-21A Perimeter-Detection Water Table
w=-21B Perimeter-Detection Intermediate
w=21C Perimeter-Detection Deep

W-224 Perimeter-Detection Water Table
W-22B Perimeter-Detection Intermediate
w=22C Perimeter-Detection Deep

W-23A Perimeter-Detection Water Table
W-23B Perimeter-Detection Intermediate
w-23C Perimeter~Detection Deep

W-244 Perimeter-Detection Water Table
W-24B Perimeter~Detection Intermediate
W=24C Perimeter~Detection Deep

W-25WT Perimeter-Detection Water Table
W-27A Perimeter-Detection Water Table
w-278 Perimeter-Detection Intermediate
w-27C Perimeter~Detection Deep

W=32A Perimeter-Detection Water Table
W-32B R Perimeter-Detection Intermediate
W=37A Perimeter~Detection Water Table
w-378 Perimeter~Detection Intermediate

Residential Water Supply Wells

Barto

Carey

Frey

Gilbert

Gilbert - AR301735
Pustulak

Stewart
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that are placed within the plume in order to more fully characterize the plume,
Twelve plume wells have been sampled up to a total of four times each, These
include six wells that represent the most concentrated portion of the plume,
located immediately adjacent to the landfill margin including W-IWT, W=lA,
W-3WT, W-3, W=-4WT, and W~4A. The remaining six wells are located in the plume
extension o the north of the site and include W-20B, W-34, W-36, W-36B,
W-394, and W-39B,

The plume wells have been sampled according to the methodology described in
Section 3.1.3.4, All of these samples have been analyzed for the full TCL
list,

3.1,3.4 Groundwater Sampling Methodology. Monitoring wells have been
sampled using one of several methods, dependent upon their construction. The
wells have been constructed of five different specifications, Older existing
wells were constructed of 3/4-inch ateel, 3/4-inch PVC, and 1-1/2-inch
diameter steel, All recently installed monitoring wells are constructed of
2-inch steel, The pump test wells are constructed of 4-inch steel.

The wells have been sampled by personnel from Lord Corporation, using the
following general method:

The wells are inspected for any visible damage to the well casing or

seal,

The static water level in each well is measured and recorded, These
data and the known dimensions of the well permit the volume of water
in the well to be calculated,

Each well is purged of at least three volumes of water or evacuated
one and one-half times, dependent upon the well hydraulics, The
method that is employed is specific to each type of well and is
discussed in greater detail below,

Samples are collected by nlnethods specific to each welﬂﬁiscilsyxsssd
below, ' o
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pH and Specific Conductance are measured in the field upon collection

of each sample,

Samples for metals analysis are field filtered through a 0,45 micron
membrane filter prior to preservation.

Samples are preserved in accordance with USEPA protocol and shipped
on ice to the Lord Corporation laboratery or to the particulsr

contract laboratory.

The following specific methods were employed for purging and sampling each

group of wells:

3/4-inch Steel Wells =~ The 3/4~inch steel wells were purged and sampled
through the use of a dedicated gas-1ift device with the use of compreased

nitrogen.

3/4-inch PVC Wells - The 3/4-inch PVC wells were purged and sampled with the
use of a peristaltic pump with teflon tubing that is permanently dedicated to
each well. The suction end of the tubing is placed at the top of the water

column in order to remove all stagnant water standing in the well,

1-1/2-inch and 2-inch Steel Wells, Shallow =~ The 1-1/2~inch steel wells that
were sufficiently shallow were purged with the use of a peristaltic pump with

teflon tubing that is permanently dedicated to each well. The suction end of
the tubing is placed at the top of the water column in order to remove all
stagnant water standing in the well, The samples were collected with the use
of a teflon or stainless steel bailer,

1-1/2-inch and 4-inch Steel Wells, Deep ~ The l~1/2-inch and 4~inch wells that

vere too deep, contain too large a volume, or which recover too slowly to pump

with a peristaltic pump, were purged and sampled with a PVC, teflon, or
stainless steel bailer.

2-inch Stee] Wells, Intermediate and Deep =~ The 2-inch steenﬁuslasl 713'7

purged and sampled with non-contact, gas-driven bladder pumps ‘(1SCO Model
2600), 3-23 '
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All monitoring wells that have been used in conjunction with the Interim
Monitoring Program were purged and sampled with the use of dedicated

monitoring equipment.

Any wells sampled that were not part of the Interim Monitoring Program may
have been purged and sampled with non-dedicated equipment. Under no
conditions, however, has the same equipment been used in low level or
non~contaminated wells that has been used in plume wells,

Any equipment in contact with the samples, including the tubing within the
peristaltic pump, that is not dedicated to each well was washed by the

following method:

* Wash in tap water and laboratory detergent with a brush to remove
deposits of soil or sediment

Rinse with tap water
Rinse with high purity hexane or acetone from a Teflon® wash bottle
Rinse with high purity water from a Teflon® wash bottle,
The equipment was wrapped in new aluminum foil unless it was used immediately,
3.1.4 Surface Water Data
Surface water data, consisting primarily of hydrologic and water quality datas,
vere collected as a part of the RI. The surface water investigation was
conducted through the following tasks,
3.1.4.1  Stream Flow Data, The total stream flow was determined at each
of six stations as depicted on Figure 3-4, It was intended to make these

measurements on a quarterly basis for one year in order to provide some

characterization of seasonal stream flow variation. However, the mandated

schedule required the compression of these measurements into & Pugho h ge
time period. ‘The stream flow stations correspond to those usels.‘fgr JuZ ce

water quality stations, SW-1 through SW-6.
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Stream flow has been measured through the use of one of two methods, dependent
upon volume of flow in the stream. If the flow was sufficiently large, a
current meter, such as a Price A-~A, was used following United States
Geological Survey methodolopy deseribed in "Discharge Measurements at Gaging
Stations" (USGS, 1973), Stream flow was also determined using the triangulsr
weir method in cases where the stream flow was observed to be too small to use

the current meter,
Current Meter Methaod

A current meter was used for the determination of stream flow {f flow rates
were sufficiently large. In such cases, flow rates were measured using a
Price A-A current meter equipped with a top set wading rod. The methodology
described in USGS (1973) "Discharge Measurements of Gauging Stations" was
folloved, Briefly, this methodology involved a series of velocity and depth
measurements at closely spaced intervals along a line oriented perpendicular
to the stream. '

Triangular Weir Method

The triangular weir method was employed for the determination of total stream
flow if the total flow was too small to utilize a current meter:

* A triangulsr weir was temporarily installed in the stream bed such
that the total flow of the stream was intercepted, The weir was
constructed with a metal plate and was held in place with sand bags,

The weir was constructed with an 88° angle V-notch,

The discharge over the weir is a function of its geometry and the
head (h) of flow over the weir,

The flow over an 88° V-notch weir was determined by the following
formula:

AR301740
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Q» 8/15 ¢(28)4/25/2 van 1/26

where: Q = flow rate (f13/sec)
C » coefficiant of discharge = 0,60
H = static head (ft)
6 = Weir ingla

s The weir was removed upon campletion of the test.

3,1.4,2  Surface Vater and Sediment Quality.,  Surface water and bottom
sedément samples were collected from six locations in the two small streams in
the vicinity of the site as shown on Figure 3-4, One additional sample was
also collected from a uvanth‘lution located just upstream from SW-6,.
Furthermore, water samples were also collected from eight additional locations.
The six initial sampling stations were sampled four times in the Phase 11 Rl
to provide sufficient data in order to statistically evaluate the stream
samples with regard to background. Sample stations SW-l and SW-2 were
utilized as background. Each of these samples was subjected to the full TCL
1ist of parameters, The data for the surface water samples are presented in
Appendix F and in tables in Section 6.0, The complete field and laboratory
data for these samples will be submitted under separate cover by Lord

" Corporation,

Water samples were collected near the mid-stream point where the stream is
well mixed unless certain conditions dictated otherwise, ldeally, the
selected sampling station would not be highly turbulent so as to minimize the
loss of volatiles. The samples have been collected directly into the sample
container wherever possible, In the event that a separate sample collection
vessel was required, care was exercised to minimize any sample disturbance,
The sample vessel or any other equipment that was in contact with the sample
was thoroughly cleaned between each use.

Sediment samples were collected as grabs, at the same prespecified sample
stations as many of the water samples, In all cases, each sediment sample was
collected after the corresponding water sample in order to .v_bu disturdante
of the water, The sediment sample was collected either directly into the

3~
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sample container or with the use of a sample corer, dependent upon the

accessibility of the sample.
3.1.5 Statistical Analysis of Data

Statistical spalysis was used to determine if the concentrations in various
groundwater and surface samples were aignificantly higher than in the
background samples. This was employed only for metals data. The analysis
followed the methodology in the Federal Register (1988) and EPA guidance for
statistical analysis of groundwater monitoring data (USEPA, 1989), An
exception to this is that instead of analyzing data from all wells together
using analysis of variance (ANOVA), individual wells were compared to
background wells using standard statistical uvests: the Student's t tests and
the Mann-Whitney test (Davis, 1986, Mosteller and Rourke, 1973), Measurements
below the minimum detection limit were handled, as suggested by the EPA
(USEPA, 1989), by using one-half the detection limit or by using a test of
proportions, These statistical tests are des:ribed below,

The measured concentrations are assumed to be randem samples of an infinite
set of possible concentrations. The set of possible measurements is described
by a "distribution" function which gives the probability of observing a
particular range of concentrations as a funetion of concentration. In
reality, the true distribution function for the concentration in a well is
unknown and must be assumed or estimated from the data.

The most commonly assumed distribution function is the normsl distribution
which can be characterized by two parameters, the mean, or central value, and
the standard deviation, which is a measure of the width, or spread, of the
distribution. There is a 6B% probability that a measured value will ba within
one standard deviation of the mean and a 96% probability that it will be
within two standard deviations of the mean, The "population" or "true" mean
and standard deviation can be estimated from the data by calculating the
sample mean and standard deviation:
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n
(3 tx - 02/(n-1)) 112
in

where 8 1s the sample mean,

n is the number of samples,

%i is the value of the ith sample,
and s is the sample standard deviation.

Concentration data frequently cannot be adequately described by a normal
distribution, This is especially true if the standard deviation is larger
than the mean and, therefore, a significant fraction of the normal
distribution is below zero, A better distribution to use in these cases is
the lognormal which assumes that the logarithms of the measured values are
normally distributed, The lognormal distribution dincludes only positive
concentrations, For lognormally distributed data the mean concentration can
be estimated by the geometric mean:

n 172 n
W= }n]xi ] " axp (Zin(x;)/n) = exp (u)
] i=

where yg  is the geometric mean,
and . py, 18 the mean of the log~transformed data.

The standard test for the difference between the means of two sets of normally
distributed data is the Student's t-test (Davis, 1986), The statistical
measure is the number of standard errors between the means:

S = 1) 812 4 (ng =~ 1) 85l
nyp+ng -2
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where t is the test statistic,
nj, ny are the number of samples in sets | and 2, respectively,
R]) Rg are the mean values of sets | and 2, respectively,
8), 87 are the standard deviations of sets | and 2, respectively,
and  §p is the standard error of the pooled samples.

The standard error is an estimate of the standard deviation of the mean and is
related to how closely the sample mean can be expected to approximate the true
mean, A large value of ¢ means that there is little probability that the
measured values come from the same distribution, or, in other words, that
there is a high probability that the mean values are different. The meaning
of "large" can be quantified using the Student's t distribution which depends
on the total number of samples and takes into account the fact that the
estimates of the means and standard deviations will be poor for small numbers
of samples, Comparison of the value of t with the Student's t distribution
for the total number of samples allows calculation of the probability that a
value of t this extreme could have occurred by chance if the mean values were
the same, This probability is called the significance level of the test for
the null hypothesis that the distributions are the same for the two sets,

The t-test assumes that the data are normally distributed (or log normally
distributed if the test {s applied to log-transformed data.) This can lead to
errors if the data are poorly approximated by a normal distribution. Errors
can also arise if the data are mostly normal, but there are a few outliers:
extreme values which are very improbable for the assumed distribution, These
problems can be avoided by using a nonparametric test, i.e., one that does not

depend on the underlying distribution. An appropriate nonparametric test for

comparing two sets of data is the Mann-Whitney test (Mosteller and Rourke,
1973) which is based on sorting the data and ranking it, If most of the data
in one set rank higher than the data in the other set, the sets are unlikely
to have the same central value. Ranking the data serves two purposes: it
reduces the data to a known distribution, uniform on the set of integers from
one to the total number of samples, and it reduces the effect of extreme
values since the largest value, for example, will have the seme rank if it is
one unit higher than the next lnx;gesl value or 10,000 unlﬁRSOTr:?wtr
parametric Mann-Whitney and parametric Student's t tests are complementary,
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The Mann~Whitney is more "robust" in not being dependent on the distribution;
the t~teat is more powerful when the data are, in t‘nctt normally distributed,
Both tests were used to analyze the metals data, but the Mann-Whitney test was
given more weight in interpreting the results.

Statistical tests can be one-tailed or two-tailed. A two-~tailed test looks
for any difference, positive or negative, between the means of the sets, A
one-tailed test looks for differences in-one direction only. For the water
quality dasta the comparisons were one-tailed and only cases where the
concentration was higher 4in the downgradient wells than in the background
wells were considered significant.

One question that must be settled before a statistical analysis is performed
is the level of significance which is required before a difference in mean
values is considered to be "real". This must balance the probability of
"false positive" errors (deciding that the concentrations are significantly
different when they are not) against the risk of "false negative" results
(missing a real difference), For this study, two significance levels were
used;: five percent for determining significant differences and one percent
for indicating very significant differences, A significance level of five
percent means that there is only one chance in 20 that the differences seen
could have occurred by chance if the means were really the same, It is not
appropriate to set a less stringent significance level, say ten percent, since
false positives could become a serious problem, 1In fact, with data from some
seventy wells and a five percent sipnificance level, false positives can be
expected to occur for at least a few wells for each metal. On the other hand,
a true difference would be expected to show up for at least some of the wells
and the overall pattern should be interpretable,

Many of the measurements were reported as below a "detection limit.”

' Non-detects are not a serious problem for nonparametric tests since they end

up tied in the lowest rank. Parametric tests, however, require an estimate of

the mean and standard deviation of the data set, Some reasonably good

approaches exist, such as maximum likelihood estimation and lognormal

extrapolation (Gilliom and Helsel 1986), but they all require toﬁ s;( t

values above the detection limit in the set, In general, thenvﬁﬂ lu‘ahs
0 3-3) |
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data from the Shope's site do not satisfy this requirement for both background
and test well data, Therefore, the less accurate approach of setting the ﬂ
non~detects to a constant had to be used. The constant selected was one-half

of the detection limit as suggested in the EPA guidance (USEPA, 1989).

The results of both the t-test and the Mann~Whitney test become suspect when
the number of non-~detects make up more than about half the total number of
samples, In this case a nonparametric test of proportions becomes more- -
appropriate (USEFA, 1989),  This test considers only the proportions of
detected values in each set, The test calculates the number of standard
errors between the proportions in the test and background sets:

Py~Py¢
z = 5
1/2

1
z”

where 2 is the test statistic

D'(P(IP)(—'f

Sp is the standard error of the difference in proportions -
Py ® my/ny is the proportion of detections in the background set (:;}
my is the number of detections in the background set
ny is the total number of samples in the background set
Pq = my/ng is the proportion of detections in the test set
mg is the number of detections in the test set
ng is the total number of samples in the test set
P = m/n is the proportion of detections in the combined sets
m=m, +mg is the number of detections in the combined sets
and n = ny, +ng is the total number of samples in the combined sets.

The test statistic z is compared to the normal distribution approximation to
the binomial distribution, For the approximation to be adequate, there must
be at least five detected and at least five pon-detected values in the
combined set,

The results of the statistical evaluation are presented in Sa 1ons 5.0, 6.0,
and Appendix G, ‘ 7‘46
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3,1.6 Environmental Tritium Study

Tritium is a naturally-occurring isotope of hydrogen which has apparently
always been found in precipitatiun due to cosmic ray interactions in the upper
atmosphere and other factors, However, with the advent of atmospheric testing
of nuclear weapons in the early 1950s, levels of tritium in precipitation rose
dramatically (Freeze and Cherry, 1979). By 1963, levels of tritium in
precipitation over North America had risen to levels approaching 10,000
tritfum upits, (A tritium unit is equivalent to 3,2 picocuries per liter,)
Tritium levels in precipitation prior to atmespheric testing of nuclear
veapons are estimated to be in the range of 5-10 tritium units. With the
signing of the nuclea: test ban treaty, levels of atmospheric tritium have
declined substantially.  Current levels, however, remain above pre=1950
levels,

Tritium has a half-life of 12,43 years, Accordingly, tritium levels in
groundwater resulting from recharge of precipitation will decline by a factor
of one-half each 12.43 years. It is therefore often possible to discriminate
"old" groundwater which recharged prior to 1950 from more recent groundwater,
Where sufficient data exist, it {s sometimes possible to estimate the date at

which a certain groundwater recharged based upon current tritium levels,

Tritium samples were collected from each of the wells at clusters W-23, W-26,
W-27, and W-32 and from W-20A using the same methodology as previously
described. These wells were selected because they have been constructed with
double~casing seals thus affording the highest degree of protection against
interaquifer exchange through the annular seal, The analyses were performed
by the Tritium Laboratory of the University of Miami in Miami, Florida. Using
the enriched technique, a sensitivity of 0,] tritium units has been possible.
Assuming that pre-1950 tritium levels were approximately 10 tritium units,
relic tritium in groundvater which resulted from precipitation as long ago as
roughly 1930 can be detected, Groundwater which recharged prior to 1930 would
be expected to exhibit non-detectable levels of tritium at this time. Thus
ul!hé this dating technique, the vertical velocity of groundwater flow (and
thus potential contaminant migration) through the lower glacial til} lquitard
can be estimated, It is anticipated that these .data would ﬁ &ldd
3-32
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conjunction with other estimates of hydraulic conductivity and groundwater
velocity. A discussion of the results from the tritium testing is presented
in Section 3.5.1.4,

3.1.7 Other Hydrogeologic Data

Miscellaneous hydrogeologic data have been collected in erder to supplement
the existing data and, in particular, to aid in the further calibration of a
computer~based groundwater model, The miscellaneous data are described in the

following sections.

3L Water Level Measurements. Water level measurements were
determined for all new and existing wells and the stream gauges., Thase
measurements were referenced to a datum established by a licensed surveyor.

3,1.7.2 Survey, The locations and elevations of all new monitoring wells
were precisely determined by a licensed surveyor, The locations of the wells
are referenced to the existing site grid, The elevations were determined to a
tolerance of 0.0]1 feet and are referenced to an existing site benchmark.

3.1.7.3 In Situ Hydraulic Conductivity Testing. In situ hydraulic
conductivity tests have been performed on a)l new and on selected existing
wells that have not been previously tested, The tests were conducted by the
"variable head" borehole method developed by Hvorslev for the U,S., Army Corps
of Engineers, as summarized by Cedergren (}977) and as described in
Section 3.5,1,2,

3.1.7.4 Laboratory Soils Testing. A number of "undisturbed" soil samples
from both the intermediate and the deep aguitard were collected for laboratory
analysis,  These "thin-wall" tube samples were collected in the borehole
during the installation of various wells, "Pushed" samples were collected
where conditions allowed, However, the great density of the lower tills
required the use of a continuous auger sample to collect the tube samples,
These samples were subjected to testing for hydraulic conductivity, mechanical

sieving, hydrometer, Atterberg limits, and moisture content, ARSO ‘ 7&8
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3.2 PREVICUS INVESTIGATIONS

A significant amount of hydrogeolopic werk was conducted prior to the
aforementioned Remedial Investigation at the Lord/Shope aite. These various
phases of field investigation are listed as follows:

Monitoring Well Installation Urban Engineering 1980
Monitoring Well Installation Dr. S. S, Harrison 1980
Monitoring Well Installation Wehran Engineering 1981
Surficial Soil Borings Wehran Engineering 1983
Surficial Soil Borings ECKENFELDER INC, 1984~85
Deep Soil Borings ECKENFELDER 1INC, 1984-85
Monitérlng Well Installation ECKENFELDER INC, 1984
Water Quality Monitoring Lord Corporation Ongoing

The field work conducted by other consultants prior to ECKENFELDER INC.'s
involvement is described in a number of documents as listed in the References,
However, available logs for each of the associated wells and borings are
presented, herein, in Appendix A. The details of the field work conducted by
ECKENFELDER INC. since 1984 are described in the following Sections.

3.2,) Deep Soil Study - 1984-85

A surficial soil survey for chemical analysis was conducted in the area
southeast of the landfill by Wehran in 1983, This study identified an area in
which soils were moderately contaminated, However, several surficial soil
sample locations indicated significantly higher levels of volatile organic
constituents,  These data indicated that the potential existed for the

presence of subsurface levels of volatile constituents at these particular

locations, On this basis, it was recommended that a study of the deep soils
at these locations be conducted.

Soil samples were collected from four deep soil borimgs. These soil borings
were drilled southeast of the landfill at the locations identified by the

previously described surficial soil study, Llogs for each of t rings, AT
)
found in Appendix A, ) hﬂﬁhjdqﬂ/:g
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The test borings were drilled with the use of hollow stem augera, Soil
samples for chemical analysis were collected continuously at two~foot
intervals with a large diameter (3~inch) split~spoon sampler, The soil sample
was carefully trimmed to remove any surfaces that may have been in contact
with sediment or fluids within the borehole. Each soil sample was placed in
two one-pint glass jars, each equipped with aluminum foil-lined lids., One jar
was used for analysis in the field and then was discarded. Each of the second
jar samples, from each boring, was sealed for potential laboratory analysis on
the basis of the field determinations. The field analyses were conducted
using the PID meter following the method described in Section 3,1.1.3.

The sampling devices (i.e,, split-spoon) used to collect soil samples for
chemical analysis were thoroughly cleaned prior to each use, The sampler was
scrubbed with potable water, followed by an acetone scrub, an acetone rinse,

and a distilled water rinse,

Each test boring was pressure grouted upon its completion with
cement /bentonite grout, The grout was prepared using a ratio of one bag
(94 1bs.,) of Portland cement and 1/10 bag (9 lbs) of bentonite mixed with

seven gallons of water,
3.2,2 Surficial Soil Study - 1984-85

Shallow soil samples were collected in the area immediately around the
landfill in an effort to determine the areal extent of the volatile organics
vithin surficial soils, This study serves as a confirmation of the Wehran
soil study as previously mentioned. However, the current study employed more
controlled field methods and was conducted in a wide area around the entire
landfill,  In fact, the astudy was extended until the maximum extent of
surficial soil contamination had been completely delineated.

A series of 94 shallow soil borings was drilled in October 1984, The borings
vere located at ]00 foot intervals around the landfill, as depicted on
Figure 4-1, The borings were advanced with the use of a hand-operated bucket

auger, Most of the borings were advanced to a maximum depth of 3,5 feet, .
‘ Anob]/SU
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Soil samples were collected from the lower 0.5 feet of the borings.. Each soil
sample was placed in two separate glass jars. The field analyses were
conducted with the PID meter using the same methodology as was described in
previous Section 3.1.1.3.

The PID meter data, expressed as HNU units, have been plotted on a site map,
Figure 4-1, which provided the basis for determining the aresl extent and
density of the field investigation,

On the basis of the PID meter data, 22 samples were selected for laboratory
analysis for volatile organic compounds. The laboratory data are presented on
Table 4-1.

3.2,3 1984-85 Hydrogeologic Field Investigation

A comprehensive hydrogeologic investigation was conducted during November snd
December 1984, The investigation focused primarily on the installation of
new monitoring wells as specified in the proposed Long Term Monitoring Plan
(AWARE, 1984). The locations of the wells are depicted on Sheet 1 of 21,
Other field work Including variable head hydraulic conductivity testing,
laboratory soils testing and water level monitoring was conducted as well,

Twenty new monitoring wells were i{nstalled 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=-IWT and
W-25WT, were installed as replacement and new shallow wells, respectively,
The remaining three wells, ¥-3C, W-7A, and W~12D, were all ipatalled as deep
wells immediately sdjacent to existing shallower wells, The drilling and well
installation was conducted during November and December 1984.

The borings were advanced either with the use of hollow stem augers or
hydraulic rotary using either water or a thin mud mixed only with pure
bentonite. Split-spoon soil samples were collected for visual identification
of the soils, In addition, undisturbed Shelby tube samples were collected
from three selected borings, These samples were used iornalgaqLJ\SI
laboratory analysis, 3-37
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These wells were

Monitoring wells were constructed in each boring.
constructed of two inch "black" atee]l pipe with welded couplings. Each well
was equipped with a five-foot length of wire~wound stainless steel well screen

with a 0,010-inch slot size.

Each well screen was backfilled with a uniform size sandpack. The sandpack
was sealed with bentonite pellets or "tremie" emplaced bentonite slurry
followed by a "tremie" emplaced cement bentonite grout, Following their
construction, each well was developed with compressed air, The development
efficiency was not great due to the low flow rate to the well as controlled by
the moderately low hydraulic conductivity of the formation. Logs of each of
the monitoring wells are found in Appendix A,

Water quality samples were collected by personnel from Lord as a part of this
investigation, The methodology for sample collection was similar to that

described in Section 3.1,3, One exception is that most metals samples

collected prior to September 1986 were not field filtered as they are
currently, In addition, most samples collected as part of this investigation
were analyzed only for the volatile organica listed as the Category A and C
Parameters on Table 3-1 in addition to a scan for total volatile organics
(TVO) and total halogenated volatile organics (THVO). '

3.3 GEOLOGIC CONDITIONS

In this section, the characteristics and extent of the geologic materials
encounterad within the area under consideration are described, 1In order to
put the site into perspective within the lurger 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 region:l geology is presented, This

discussion of the regional geology is based on the nublished 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,

3.3.1 Regional Geologic Setting
The Shope's site is situated on the edge of the Lake ilain subprovince of the
Centra] Lowland physiographic'province. The.site i: underlof]f} §] § ABigk
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sequence of glacially deposited materials that {a, {n turn, undarla{n by
shales of Upper Devonian age. The region is geologically bounded to the south
by the escarpment of the glaciated section of the Appalachian Plateaus
Province and to the north by Lake Erie.

The badrock consists of shale of the lower Conneaut Group which is locally
termed the Girard Shale (Tomikeo and Sheeps, 1967), These ahales 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 only in deeply eroded beds of major streams in the area, '

The bedrock is overlain by a thick sequence of glacisl miterial,  These
materials are reported by Shepps, et al (1939) to exist at a thickness of 40
to 80 feet, but locally have been shown to be significantly thicker, Thase
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 fromt of the ice sheet. Lacustrine
deposits were laid down during interglacial events when luke waters filled
what is now the Lake Erie basin, Figure 3-5 provides a perspective as to the
overall sequence of the glacial advances and associated glacial deposition
that took place during the Pleistocene Epoch,

Each successive glacial advance extended a lesser distance into northwestern

Pennsylvania, The last three advances--the Lavery, Hiram and Ashtabula~-

extended only a few miles beyond the present Lake Eria shoreline. A series of

closely spaced ridges parallel to the lake shore correspond to the

of these three glacial advances, These ridges, which are termed Phaaouinu.
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consist of glacial till that was 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
s result, the Ashtabula moraine can be subdivided into four additional
moraines termed (from oldest to youngest) Euclid, 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 II1, was dammed by the
Ashtabula ice and drained westward to an outlet at Fort Wayne, Indiana,
Maumee 111 had a surface elevation of lpproa'umnely 780 feet based upon the
elevation of existing beach strand lines and ridges associated with this
glacial lake (Schooler, 1974), As the Ashtabula ice temporarily receded, the
Hltﬂ‘l. 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 overrun by subsequent ice advances with
the deposition of additional glacial t{ll, In this manner, a series of
glacial tills corresponding to each of the Ashtabula end moraines was
deposited in the area, aach of which was separated by continuous deposits of
glaciolacustrine material laid down during the i{nundation by glacial Lake
Maumee 1I1.

The vicinity of the Shope's site is depicted on Figure 3-6, 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 shoreline of the last inundation of Lake
Maumee 1II.

3.3.2 Site Specific Geologic Conditions

A conceptual geologic model for the Lord/Shope site and vicinity has been

" presented in the previous section, This model is based uﬂaﬁg.&i %\5

i
|

Sy

regional setting as well as upon an interpretation of data generated by this
3=41
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investigation and by previous studies, With a database consisting of more
than 65 test borings and more than 90 individual wells and piezomeaters, a
considerable degree of confidence in the conceptual model is possible,

Detailed descriptions of the materials encountered on site are presented on
the boring logs in Appendix A. The soil 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), The results of the
laboratory tests are presented in Appendix E.

A summary of the character and thickness of the geologic units at the site {s
presented in the Geologic Column (Figure 3-7), The geologic strata are
graphically depicted on the geologic cross sections on Sheets 3, &4, and §
of 21, The orientation of these cross sections is depicted on Sheet 2 of 21,

In this discussion of site specific geologic conditions, the units will be
described in reverse stratigraphic sequence, that is, in the order in which
they were encountered from the land surface. 1In general, these units consist
of a sequence of interbedded glacial tills and glaciolacustrine deposits Qith
minor surficial occurrences of glaciofluvial deposits. Each of the units has
been shown to be laterally extensive throughout the site, Bedrock has not
been encountered in any of the borings that have been drilled to date at the
Shope's site,

3.3.2.1  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 7 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.

3.3,2.2  Ashtabula Till. The Ashtabula Till has been encountered in all
of the areas of the site that have b investigated, In all n me

een ] ! ﬁﬁ'oﬂ f757
subunits of the Ashtabula Til)l have been observed, These subunits correspond
to ‘the’ Painesville, Ashtabula, and Girard subadvances, and possibly to an
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older subadvance (Euclid) of the Ashtabula ice sheet as {ndicated on
Figure 3-5, Each subunit is described am follows:

Girard Subunit

The uppermost subunit of the Ashtabula Till corresponds to the last
readvance of the Ashtabula ice sheet that occurred subsequent to the
inundption by Lake Maumee III. This till forms the Girard Moraine which
{s the northernmost ridge in the Lake Moraine System. This till has been
observed at thicknesses ranging from 3 to 32 feet,

The Girard has been observed to be the coarsest subunit of the Ashtabula
Till. It can be described typically as "SAND, some to and Gravel, little
to some 5ilt & Clay." Some fine grained subunits have also been observed
described as "SILT, little to and f Sand, trace to little f Cravel," The
predominantly coarse-grained nature of this till probably represents the
scouring and subsequent redaposition of the glacial lake beach deposits,

Ashtabula Subunit

The Ashtabula subunit was encountered in all of the borings in the study
area, ranging in thickness from 3 to 42 feet, This subunit s
predominately fine grained, consisting of "Clayey SILT, little to and
SAND, trace to little Gravel." Coarser grained deposits within this till
subunit were observed in a number of borings, particularly in southern
portions of the study area in the vicinity of the disposal area. These
coarser grained deposits probably represent the reworking of lacustrine
beach deposits and consist typically of “SAND, little to some Silt,
little to and Gravel," '

Painesville Subunijt

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 51 feet. This til), which was encoumered of all bt

the deep borings, consists typically of "Clayey SILT, littl; to and Sand,
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trace Gravel," However, occasional coarse-grained zones consisting of
"SAND, some Silt and Clay, little to some Gravel" occur discontinuously
within this subunit,

Euclid Subunit

The upper surface of the Euclid subunit was encountered in only three of
the deepest borings, W=20, W-21 and W-27, However, the Euclid 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.

3.3,2,3  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 beaen
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, II1 B, and III C. Definition of the various
Maumee II1 subunits has been an important focus of this investigation in that
they serve as a controlling factor in the migration of groundwater at the
site,

The Maumee 111 upits have been observed to be laterally extensive across the
study area, However, the distribution of fine and coarse zones is somewhat
discontinuous. This is particularly true in the upper III C subupit, which
has made this subunit difficult to characterize,

111 C Subunit

The Maumee 11 C was exposed at the ground surface and/or was encountared
at shallow depth in nearly all of the borings., Where encountered, this
subunit ranges in thickness from 3 to 33 feet. The III C is
predominantly coarse-grained and is probably representative of 1ake
shore, beach deposition. .

, .
The Maumee 111 C consists typically of "SAND, trace to nnﬂ.ﬂﬂ.curz‘ﬁ Qo
and Gravel," frequently interbedded with laminstions "»f Silt & Clay,
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However, discontinuous fine grained Zzones of the 111 C were also
encountered in a number of bnrings. These deposits consist of "laminated
S1LT & CLAY, no to and SAND,"

It is dimpor:.at to note that although the Maumee 111 C is continuous
throughout the site, it has been difficult to charactarize the respactive
fine and coarse~grained zones due to their significantly discontinuous
nature. The thicker, coarse-grained "zones" will have a significantly
greater transmissivity when compared to the overall transmissivity velue
for the sediment, These "zones" therefore will play a significant role
with regard to potential contaminant transport and the overall
characteristics of the Water Table Zone.

The coarse-grained portion of the III C has provided a major focus in
this investigation as it plays the most significant role in the character
of the Water Teble Zone, The thickness of the 111 C Sand is believed to
range around 10 feet on the north-central and norchwest sides of the site.
However, the III C Sand {s observed to be significantly thicker in the
area due north of the site, in the vicinity of well W-34, as depicted on
Sheet 6 of 21, In this area the II1I C Sand attains a thickness of 32
feet. North of this area, in the area of borings 4, 5 and 10, the 111 C
thins to less than 10 feet,

The 111 C is observed to thicken again in the northernmost part of the
study area in the vicinity of boring B-B6-16. 1t is this portion of the
111 C that has been mapped by Schooler (1974) as the exposed Maumee 111 C
beach strand line (Figure 3-7), This exposed deposit {s presently mined
in the area north of wells W~27 and W-32,

The Ashtabula Till underlying the thickest portions of the III C, in the
ares north of the site around well W-34 and Boring B-B6-2, appears to
become thinner, The result is that the 111 C may be in partial hydraulic
communication with the underlying I11 B subunpit, This will be described
in more detail in later sections,

AR301761
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111 B Subunit

The 111 B subunit was encountered at intermediate depths beneath the
study area at a thickness ranging between 2 and 26 feet, This subunit
consists alternately of relatively coarse zones and fine zones. The
coarse zones can be typically described as "stratified fine SAND, trace
to some Sjilt, trace to and OGravel”, occasionally interbedded with
laminations of Silt & Clay. The finer-grained zones typically consist of
"laminated SILT, trace to some Sand."

The upper surface of the subunit is depicted on a Structural Contour Map
(Sheet 7 of 21). The undulating surface is shown to slope to ‘fhn
northeast toward Lake HMaumee III basin, The thickness of the
coarse-grained subunit is relatively constant, as depicted on Sheet 8 of
21, ranging from zero to 13 feet.

111 A Subunit

The 1I1 A Subunit was encountered at the bottom of each of the deep
borings at a thickness ranging from 2 to more than 20 feet. The III A is
more fine-grained than the overlying lacustrine deposits, and is probably
representative of slightly off-shore depositional environment. However,
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 to some Silt.ﬁ

The upper surface of the coarse portion of the 111 A subunit is depicted
with the use of a structural contour map on Sheet 9 of 21, It hlg been
shown to slope to the north and east with a topographically high area
located immediately beneath the landfill,

3.4 GROUNDWATER CONDITIONS

3.4,1 Hydraulic Conductivity Teltin; : ARSOI 762

A number of methods were employed for the determination of hydraulic
conductivity, These methods are described in the following sections.
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34101 Aquifer Tast Analyses.  Aquifer testing was conducted separately
on each of wells W-28 and W-34 in 1987, as described previously {n
Section 3.1.2, Aquifer testing data yields the most accurate estimate of
water~bearing zone charscteristics, This is hecause well loss errors are
eliminated and because the test i{s better able to assess larger scale
conditions within the water-bearing zone. The analysis of the collected data
snd an associated summary are described in this section. The complete data
plots and calculations are contained in Appendix C.

Background barometric and water level changes for selected wells and
piezometers within the vicinity of W-28 and W-34 have been plotted and are
presented in Appendix C-1. An inverse relationship between measured water
levels and the barometric pressure is often observed in confined or
semi~confined aquifers., However, no direct relationship was discerned from
the data for either test and as a result no barometric correction factor was
applied to the data,

Static water levels were measured in all wells and piezometers selected for
monitoring, prior to each aquifer test. Measurements of drawdown were then
determined at frequent time intervals throughout the duration of each test,
The frequency of measurements was determined by the distance of the monitoring
point to the pumping well, the anticipated drawdown, and the elapsed time of
the test, These data (drawdown, time and distance) were then plotted in
three different fashions to aid in the data evaluatien. The plot types and
the analytical methods to which each plot applies are summarized below:

Data Plot Scales Analytical Method

time~drawdown log-log Theis non~equilibrium well formula
time-drawdown semi~log Jacob straight line method
distance-drawdown semi-log Jacob straight line method

Theis Non-equilibrium Well Formula

AR301T63

In 1935, C, V, Theis developed a non~equilibrium well formula which takes into
sccount the effect of pumping time on drawdown {(Fetter, 1980),  Thia
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analytical technique uses a curve matching process particularly well suited to
early~time data, Good estimates of aquifer hydrsulic conductivity and storage
coefficient can be made without first attaining steady~state conditions., The
Theis formula is based on the following assumptions:

The water-bearing formation is uniform in character and
hydraulic conductivity in both horizontal and vertical directions,

The formation has uniform thickness.
The formation has infinite areal extent,

No recharge boundaries are encountered by the cone of influence,

during the test.

The pumped well penetrates and receives water from the full thickness
of the water~bearing formation.

The water removed from storage is discharged instantaneously with
lowering of the head,

Although the hydrogeologic environments encountered at the Lord/Shope site do
not meet all these assumptions, the observed conditions and resulting data are
considered wmufficiently favorable to the successful application of this
method,

The curve matching technique for a fully confined artesian system requires
that a "type" curve be constructed by plotting !/u versus the well function of
u, W(u) where;

W(u) . = =0.5772-loge utu - _w? 4 w3 _ub_ ...Eq 3.2
' 2,21 3.3 441 AR30176h
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_ where;
1"\ Q = pumping rate, in gpm

s drawdown, in feet

T coefficient of transmissivity of the water-bearing zone, in gpd per
ft
distance from the center of the pumped well to the point where
drawdown is measured in feet
coefficient of storage, dimensionless

time since pumping started, in minutes

The “curve matching techniques for unconfined, water table conditions require
the plotting of l/u,, l/up versus the well function w (u,, up, B) where:

2
u,= -Z%E—E- (for early drawdown data) Eq. 3,3

. 2 .
up = LSy (for later drawdown data) Eq, 3.4

4Tt

2
R L 2 Eq. 3.8
b2 Ky

and W(Ug, Uy, B) is the w?ll function discussed previously
where;

Q = pumping rate, in ftgldny

s = drawdown, in feet
‘T = coefficient of transmissivity of the vater-bearing zone in gpd/ft

r = distance from the center of the pumped well to the point where thJ
‘ dravdown is measured, in feet

S = ceefficient of storage, dimensionless

t « time since pumping started in days’

Ky vertical hydraulic conductivity

Ky = horizontal hydraulic conductivity

b = initial saturated thickness

AR301765
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The Theis Type curve (confined conditions) and the water table Type curves are
presented in Appendix C-4. Log~log plots of drawdown versus time for selected
monitoring wells have also been prepared for each of the aquifer tests (W-28
and W-34),

It was decided to use thg confined, Theis type curve for the W-28 analysis and
the water table type curves for the W-34 analysis based upon the conditions
found in the field, the shape of the resulting log-log plots and the quality
of the "fit" which was obtained between the plots and the type curves. Type
curves for semi-confined, leaky artesian systems were evaluated but not
selected due to their poor fit. The resulting values obtained for the
coefficient of storativity and specific yleld fall within the sxpectad ranges
for each of these types of water-bearing zones and further support these

assumptions,

The characteristics of the water-bearing zone in the vicinity of the pumping
well are obtained by overlaying the type curve on the drawdown plotl,.
adjusting the plots to provide a "best fit" (keeping the axes parallel) and
selecting an arbitrary match point, The match point values for l/u, w(u), s
and t and l/u,, l/up, ¥ (ug,up, B), s and t, selected for each plot, are
indicated on the calculation sheets presented in Appendices E-2 and E-3.
These data are then used in the following formulas to calculate the T and §
parameters, '
Eq 3.5, 3.7

Ts 4.6 9 W(u) and S = —uTe for confined conditions (W-28)
' 2693 rl

Q 4Tt u,
T = — W(Ug, Uy, B) and Sy » —— Eq 3.8, 3.9
4s r? for water table conditions (W=34)
Hydraulic conductivity may then be calculated by dividing the transmissivity
value by the saturated thickness of the aquifer in the vicinity of the pumping
well, Transmissivity, storage coefficient, and hydraulic conductivity values
were calculated for each monitoring well and are summarized in Table 3~4,

Two observations are worth noting from a review of the plots and resulting
calculations from W-34, First, a good match with the 'typa curve vam L)ALy

3452
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TABLE 3-4
SUMMARY OF AQUIFER TEST DATA

Observatlon Transmissivity S Hydraulic Conductivity
* Well Number Method {oal/day/ft) {dimensionliess) {cm/sec)

W-28 TEST

w-128 Theis
Jacob

Ww=10 Thels
Jacob

w-4 Thels
Jaced

w-218 Thels
Jacob

All Dist=Drdwn

Ceometric Mean

W-34 TEST

w-33 Theis (A)
Theis (B)

PZ=19  Theis-(A)
Thels (B)

PZ-18 Theis (A)
Theis (8)

PZ-22  Thels (A)
Theis (B)

Geometric Mean
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only obtained for the later-time drawdown data (Type b curves). The earlier
portions of the curve were not as well defined and partially masked by
scattered data points due to recharge from heavy rains which fell during the
test, thus making the interpretation more difficult,

Secondly, the calculated specific yield for W-34 was considerably lower than
vhat would be expected for unconfined conditions (0.1 to 0,3), This would
indicate that there is delayed drainage as the water table is lowered. This
conclusion is further supported by the fact that layering and gradational
changes in grain size were noted in the borings surrounding and including
W-34,

The aquifer testing did not allow the determination of the vertical hydraulic
conductivity of the aquitards, This is due to the relatively low pumping rate

that was possible as a consequence of the low relative hydraulic conductivity

of the water-bearing zones that were pumped during the test. This is coupled

with the fact that the aquitards are believed to have a very low hydraulic:
conductivity, Therefore, the existing conditions of the site did not allow
sufficient stress to be applied such that observable drawdowns could be (Z:D
induced in the water-bearing zones either above or below those being tested.

Jacob Time-Drawdown Method

The Jacob Time-Drawdown Method is a modification of the Theis non-equilibrium
formula which can be applied to the later-time portions of the data, This
method does not take into account the effects of dewatering and was therefore
only used for analysis of the W-28 test data, In addition to the assumptions
listed for the Theis formula, the Jacob method assumes that "t" {s
sufficiently large and "r" 'is sufficiently small, Thus, this method is more
ideally suited to observation wells which are located close to the pumping
vell and for times well into the aquifer test. In order to successfully apply
this method of analysis, it is recommended that the data points which are used
should be taken from a point in time greater than the value of 5r2/T  at
which point the data plots on a straight line (Fetter, 1980). This test was
applied to each of the monitoring wells and the results are preheqmth u’-stee
calculations in Appendix E-2, ‘
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Transmissivity and storage coefficient estimates are calculated using the
Jacob method directly from semi-log plots of time and drawdown, "Best fit"
straight lines were drawn through the later portions of the data peints and
the slope, delta s (drawdown per one full log cycle) was then calculated,
This value is then applied to the following equation.

Ta 2640 Eq 3.10

delta s

The value of transmissivity obtained from equation 3.10 and the time
associated with atraight line intercept (t,) of zero drawdown, is then antered
into the following equation to calculate the storage coefficient:

S == Eq 3.1l

Transmissivity, storage coefficient and hydraulic conductivity values derived
using the Jacob time~drawdown method are summarized in Table 3~4,

Jacob Distance~Drawdown Method

Another semi-log straight line method developed for later-time data analysis
is the Jacob distance~drawdown method (Fetter, 1980), This method requires
that at least three observation points are available at varying radial
distances from the pumping well and that steady~state conditions be reached.
The advantage of this method over the previously discussed methods, is that it
provides a more regional evaluation of aquifer characteristics, Rather than
relying on only those wells in close proximity to the pumping well, data from
wells over 600 feet away can be utilized, which may not have the sufficient
early-time data necessary for the Theis method. Although true steady-state
conditions were not reached, it is estimated that "steady-shape" of the cone
of influence was achieved and that the results provide a reasonable estimate
of the aquifer paraneters,

A semi-log plot of distance versus drawdown was constructed for the W-28

aquifer test using the last complete set of measured water levels, A best fit

AR301769
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straight line was again drawn through the data points and transmissivity and
storage coefficient values calculated using the following formulas:

528 Q 0.3Tt
Gelts 3 and § —_— Eq 3.12, Eq 3,13
To
A diltqnce—drlwdoén graph of the W-34 test data was not conastructed since only
two of the observation wells would pass the validity test for appropriate use
of this method,

The above~described data is presented in Table 3-4. It should be noted that
some variability in the computed values of T and S are observed, However,
the range of this variability is well within acceptable limits. For the
purposes of evaluation, the geometric mean of all of the values for each test
will be utilized, These resultant values are considered to be the best
measure of the water-bearing zone characteristics of any that are available
for the site.

34,102 Variable Head Hydraulic Conductivity Testing. Hydraulic
conductivity tests were performed on selected monitoring wells and well points
by the use of the "variable head" method, as described below, These tests
have been conducted in all phases of the investigation from 1984 to the
present, The results of these tests represent determination of the horizontal
hydraulic conductivity 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 is
sunmarized 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, . ‘ nR30l770
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At frequent time intervals, the water level in the well and the
vespective time elapsed from the beginning of the recavary period was
measured and recorded.

The method of analysis assumes that the rate of inflow to the well scresn
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. Equation (3.,14) is used to calculate the
hydraulic conductivity.

r2 1n(L/R)In Hy/H
2L (tg - t))

Where: R = sand pack radius (em)
r = riser radius (cm)
L = effective intake length
t] = time interval corresponding to h) (sec)
ty = time interval corresponding to hy (sec)
hy = head ratio at t) (dimensionless)
hy = head ratio at ty (dimensionless)
k = hydraulic conductivity (cm/sec)

The individual test plots are presented in Appendix B. The results of the
hydraulic conductivity testing are summarized on Table 3=5,

3.4.1,3  Laboratory Soil Testing., A number of soil samples were selected
for laboratory soils testing as a part of the 1984~85 AWARE Investigation and
88 & part of Phase 11 of the RI, Eleven split-spoon samples were subjected to
mechanical grain size testing including mechenical sieving and Atterberg
limits testing. 1In addition, aix undisturbed tube samples collected from the
upper aquitard were tested for vertical hydraulic conductivity, grain size
distribution, Atterberg limits, and moisture coptent,

The soil testing procedures followed in all of the performednﬂsa lw?r?'
consistent with standard laboratory procedures. The hydraulic conduclivity
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TABLE 3-5
SUMMARY OF FIELD VARIABLE HEAD HYDRAULIC CONDUCTIVITY TEST DATA

vell Number Test pate Hydraulic Conductivity
(cm/sec)

Water Table Aquifer

W-9WT (R) 08-Dec-88
w-12C 22~jui=-81
12~Dec~84
07-}an~87
18~]an-89
18~)an-89
08-pec-88
08-Dpec-88
08-Dec-88
19-Jan~89
18~Jan-89

Geometric Mean

Intermediate water Bearing Zone
W7 17-)an-89

ODLODDODODODDODODD
VWO OO OCMIN A NN

an-89
Geometric Mean

Deep water Bearing 2one

07-)an-87
Ceometric Mean
Upper Aquitard
Maumee |11B (Fine)
w-238 12-Dec-84 1.8E-07
Ashtabula Till (Fine)

W-128" 22-)ul-81 8.3:-0R 30 | 7"72
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tests on the undisturbed tube samplas ware performed in a f{lexible~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 prassure insures that sample fracturing and effluent
bypass will not occur duripng testing, Also, the confining 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.

The laboratory test data is presented in Appendix E. The vertical hydraulic
conductivity data are summarized on Table 3-6.

34,04 Tricium Testing, The levels of tritium observed in 12 monitoring
wells are presented in Table 3-7, The mean tritium level observed in the
three Deep Zone wells of 2,09 is apparently representative of a groundwater
which originally recharged in approximately 1950, Assuming that precipitation
contained 10 tritium units in 1950, groundwater resulting from recharge of
that precipitation would now be expected to exhibit such low levels of
tritium,

The mean tritium level from wells in the Intermediate Zone is 5.58, This
would seem to be representative of groundwater which may have originated as
precipitation {n the late 1950s, However, the level observed in these wells
could either have originated as precipitation falling in 1959 or 1977,

The vertical hydraulic conductivity of the aquitard can be determined using
the age of the groundwater in each Deep Zone weil, the known thickness of the
aquitard, and the vertical hydraulic gradient across the aquitard, It has
been assumed that dispersivity would have the effect of smocthing out the ‘
observed seasonal fluctuations din rainfall tritium levels but would not
significantly alter the rate of advance of the tritium vertically through the

. AR301773

1t is assumed that groundwater moves downward across the aquitard from the

aquitard,

time at which the groundwater was dated to the test date, These data and the
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TABLE 3-6
SUMMARY OF LABORATORY HYDRAULIC CONDUCTIVITY TEST DATA

well Number Test Interval Test pate  Hydraulic Conductivity
(ft below ground) (cm/sec)

Upper Aquitard
Maumee [1IC (Fine)

Ww-208 22 - 23 15-)an-85
W-208 23 - 24 15-Jan-85
Upper Aquitard
Ashtabula Till (Fine)
Ww-12D 22 - 24 15-)an~85 1,0E-07
W-208 34 -~ 36 15~)an~85 1,4E-07

Ceometric Mean 2.4E-07

Lower Aquitard
Ashtabula Till (Fine)
W-68 58.5 -~ 60 08~/un=-89
¥w-68 51 - 52 08-Jun-89

Ceometric Mean

e — R s ang e Cai
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Table 3-~7

TADULATION OF TRITIUM DATA

well
Number

Water Table Aquifer

W=20A 13-)an-86
W=23A 13~ Jan-86
W=206A 13-Jan-80
W=27A 16-Jan-87
W=32A 16~ Jan-87

Mean
Intermediate Zone
W-230 13-]an-86
w-260 13~Jan=-806
w-278 16-)an-87
W-320 16-)an~87
O Mean
peep Zone

w-23C 13~)an-86
W~26C 13-Jan-86
W-27C 16-Jan-87

Mean

AR301775
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aquitard thickness allow the calculation of the vertical seepage velocity (Vy).
The vertical hydraulic conductivity of the aquitard can be calculated from the

following equationt

k= —-‘1‘
Where: Vg = seepage velocity, (cm/sec)
ne = effective porosity, (dimensionless)
i = hydraulic gradient, (dimensionless)
k = hydraulic conductivity, (cm/sec)

It has been assumed that the average effective porosity is 0.3 (Freeze and
Cherry, 1979), The vertical hydraulic gradient is calculated from the head
differences between the Intermediate and Deep Zones and the known thickness of
the aquitard, Employing the above equation, the mean hydraulic conductivity
of the aquitard is found to be 4.4 x 10°7 cm/sec, The calculations are
summarized on Table 3-8,

3,4,1,5 Summary of Hydraulic Conductivity Testing, As described above,
hydraulic conductivity testing using both field and laboratory methods has
been conducted at the site, These data will be placed in perspective with the
hydrogeologic system in the discussion that follows.

Water-bearing Zones

The variable head test and aquifer test data have been used to evaluate the
individual water-bearing zones, However, the Hvorslev-method, variable head
test methods have typically been shown to under-estimate the actual hydraulic
conducﬂvity by a factor ranging from two to pgreater than ten.  Several
factors contribute to the underestimation, Perhaps the most significant is
that the variable head tests sample a relatively small volume of the aquifer
and are less likely to include the most permeable pathways that control the
effective hydraulic conductivity of the system. In addition, the installation
of a monitoring well inevitably disturbs the formation, resulting in smearing
of finer-grained materials on the walls of the borehole, ARGO"T?%
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TABLE 3-8

SUMMARY OF HYDRAULIC CONDUCTIVITY
CALCULATED FROM TRITIUM DATA

Max imum
vertical vertical
Travel Seepage Head vertical Hydraulic
well Aquitard Time velocity Difference Hydraulic Conductivity
Couplet Thickness (Years) (em/sec) (Feet) Cradient {cm/sec)

‘ w-23 36.5 36 9.86-07 28.8 0,79 3.7€-07
O w-26 ' 36 1.48-00 64.0 1.25 3.38-07

w-27 37 1.06-06 16.9 0,44 6,96-07

Ceometr|c mean 4,4E-07
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variable head methods do not account for frictional head losses as water
passes through the well screen, At this site, comparison of variable head
test results at Wells ¥W-28 and W-34, where aquifer tests have been conducted,
indicates that the variable head test values are less then pump test values by

a uniform factor of approximately 8.0,

On the basis of the previous discussion, it has been conservatively assumed
that all of the variable head data have underestimated tha hydraulic
conductivity of the water~bearing zones by a factor of 8,0, Therefore, the
hydraulic conductivity values most representative of each water-bearing zone
will be assumed to be the geometric mean of the variable head data for each
multiplied times a factor of B8.0. These values are summarized on Table 3-9,
The distribution of the hydraulic conductivity in the intermediate
water-bearing zone has been mapped, as presented on Sheet 12 of 21, This zone
has been shown to provide the primary conduit for contaminant migration from
the landfill, In general, the hydraulic conductivity of much of this zone
ranges around | x 1074 to 1 x 10~ cm/sec. However, an area of significantly
higher hydraulic conductivity exists north of the site with values ranging up
to approximately 1 x 102 cm/sec,

Agquitards

" The hydraulic conductivity of the upper and lower aquitards has been evaluated

using laboratory data and tritium data, These data are somewhat limited, In
addition, it was not possible to quantify the hydraulic conductivity of the
aquitards through the use of the aquifer testing method that vas employed due
to the low vertical conductivity of the agquitard and to the relatively low
hydraulic conductivity of the water-bearing zones.

Laboratory hydraulic conductivity data exist for four samples collected from

the upper aquitard, These data are shown to have a geometric mean .of
2,4 x 107 cm/sec. The lower aquitard has visually been shown to be even more
fine-grained and much more continuous than the upper aquitard, In fact, the
laboratory hydraulic conductivity data for two samples from this zone indicate
a mean valuve of 6.8 x 108 cm/sec, :

AR30IT78 -
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TABLE 3-9
SUMMARY OF REPRESENTATIVE HYDROGEOLOGIC DATA

Hydraulic
Hydrogeologic Conductivity Hydraulic
zZone (cm/sec) Porosity Gradient

Groundwater
Flow Rate
(117yr)

Horizontal Flow

water Table

intermediate
Mean
North of LF

Deep
vertical Flow

Lower Cohflnlno
Layer




Laboratery testing has often suggested lower hydraulic conductivities than
actual (Olsen & Daniel, 1979). By virtue of the extremely small size of
laboratory ssmples relative to the aguitard as a whole, laboratory samples
often fail to predict the influence of macro~scale festures on aquitard
behavior, The tritium data for the aquitard at well cluster W-23 suggest a
maximum vertical hydraulic conductivity of 4.4 x 10"7 cm/sec. This value is
consistent with the limitation of the laboratory data as discusced above.
Therefore, this is considered to be conservatively representative of the
vertical hydraulic conductivity of the lower aquitard,

3.4.2 Groundwater Flow

The geologic conditions beneath the study area have been described in detail
in the preceding section, This section demcribes 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 area:

» As an unconfined Water Table Aquifer within the shallow soils.

* As an intermediate depth confined zone within the coarser grained
soils of the Maumee 111 B and the coarse-grained Ashtabula Till.

* As a deep confined zone within the coarser grained deposits of the
Maumee I1T A,

Zones of lower hydraulic conductivity termed aquitards separate each of the
vater-bearing zones. The Upper Aquitard separates the Water Table and
Intermediate Zones, while the Lower Aquitard separates Intermediate and Deep

-Zones,

Monitoring wells and piezometers have heen 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 3-10,
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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.

3,4,2,1  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 wsoils primarily consist of the coarse-grained
Ashtabuls Till and Maumee 111 C lacustrine deposits but intermittently consist
of fine grained soils as well, An isolith map indicating the composite
thickness of these two coarse-grained subunits is depicted in Sheet 13 of 2I,
Overall, however, these shallow soils are among the most permeable that occur
at the site, with an estimated average hydraulic conductivity of approximately
6 x 1074 cm/aec.

The unconfined Water Table Aquifer receives recharge predominately through

direct infiltration of precipitation. As such, the surface of ‘this zone is
more sensitive to seasonal variations than are the deeper units.

The surface of the unconfined aquifer occurs at relatively shallow depths
beneath the site, ranging from zero to approximately ten feet below ground
surface, except below the waste disposal area where it is somewhat deeper.
Contours of equal water table elevation have been interpolated from water
level data obtained from the wells, The water table has been assumed to
intersect surface water on the site so that available stream gauge data have
been employed for water table contouring, as well, The water table surface
generally reflects the ground surface topography with a gradient ranging from
0.02 to 0.06. The water table surface as shown on Sheet 14 of 21 is very
similar to that configured previously by Harrison (1980), Wehran (1981) and
AWARE (1985 and 1987).

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 northwest, Groundwater flow within the Water Table

Aquifer presumably flows toward and discharges to the two small streams

located north and west of the site, The water table uurfacﬁ&S@*tqu‘be

nearly coincident with the ground surface at several locations north and 'west
3-70

R T L

§- he pagc ﬁlud in this frame. Ls not as acada Le:.08. u lb -
Label, it is duc to substandard color ox conuugn o‘ thc‘oalglna pag




of the site, These seasonally wet areas thus represent the surface expression
of the water table, Several of these areas located immediately adjacent to
the landfill, termed "seep-areas" by PADER, have been the subject of much
interest because they contain contaminated groundwater, However, the term
seep is really a misnomer in that little or no observable flow emanates from

these areas.

The rate of horizontal groundwater flow within the Water Table Zone can be
estimated through the use of Equation 3.16,

Ve = Ei

Where:

Vs = seepage velocity (cm/sec)

K = hydraulic conductivity (cm/sec)
hydraulic gradient (dimensionless)

Ne = effective porosity (dimensionless)

The hydraulic conductivity has been estimated at 6 x 1074 cm/sec. The average
hydraulic gradient is 0.04. A typical value of the effective porosity can be
assumed at 0,3 (Freeze and Cherry, 1979).  Inserting the above data in
Equation 3,16 yields a typical maximum horizontal flow rate of approximately
82 feet per year.

3.4.2,2 Intermediate Depth Zone, Groundwater occurs under confined
and/or semi-confined conditions in the laterally continuous Intermediate Zone,
This zone is found primarily in the coarse-grained soils of the Maumee III B
Lacustrine deposits but is also found in the coarse-grained Ashtabula Till
beneath the southern portion: of the site, The geologic deposits comprising
this zone have & moderately low hydraulic conductivity shown previously to
have a mean value of approximately 6 x 10~3 cm/sec, However, this unit cannot
truly be termed an aquifer as it probably would not be capable of transmitting
significant quantities of water under ordinary hydraulic gradients (Freeze and
Qherry, 1979).  Therefore, this unit will be termed a "wnter-bnr}‘nb Izyla.g
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This water-bearing zone is almost completely confined by overlying fine
grained till and Jacustrine deposits rapresented, respectively, by the (::}

3

Ashtabula subunit and the Maumee I1I B subunit, The hydraulic conductivity of
these confining subunits has previously been shown from laboratory testing to
be on the order of 2.4 x 1077 cm/sec. The confined nature of this zone has
been demonstrated by the well W-28 pump test, However, in several areas,
notably that beneath the landfill and in the plume extension area north of the
site, the Intermediate Zone has been shown to be only semi-~confined,

The piezometric surface has been defined through the use of water Jevel
measurements from monitoring wells screened in the same stratigraphic position
in the Maumee II1 B. The configuration of this surface has been depicted on
the Intermediate Depth Piezometric Surface Contour Map, Sheet 15 of 21. This
surface is shown to slope to the northwest in a similar but more subdued
manner than that of the overlying Water Table Aquifer. The configuration of
these contours is very similar to that which was depicted previously by
Harrison (1960) and AWARE (1985 and 1987)

The installation of an {ntermediate piezometer, PZ-38, has served to further

define the piezometric surface in the upgradient direction from the landfill.
Previous piezometric data suggested the presence of a groundwater divide
between the landfill and the wupgradient well W-26B, Newly available

v piezometric data from all of the wells, including PZ-38, {ndicate a slight

\ reversal of groundwater flow does exist toward the unnamed tributary located
#/ to the south of the site. However, these data solidify the fact that water
Cy levels in well W-26B are significantly higher than the landfill and that this
‘ well is completely suited as a background well for the intermediate zone,

A prominent lobe in the piezometric contours has been depicted in the area of

the plume extension. This apparent local reduction in the magnitude of head

loss through the formation may indicate a locsl increase in hydraulic

conductivity in this immediate area as shown on the Hydraulic Conductivity
Contour Map (Sheet 12 of 21),

The potential direction of the Qértical component of flow through the

confining layer overlying the Intermediate Zone tends toARB&h}!ﬁa C

i 12 i

oo

P

it " Iﬂthepage dilned in this ‘un u ;ét as uadabl&.mlc LbLe. ad. thighs
. ltabel, it 4& due to substandard color oa‘,;condlt{on of thegaugi_nal .‘:¢g¢ i

ariy

Hean ‘ "

4



dependent upon the relative topographic position of the vverlying Water Table
Aquifer, 1In the topographically higher areas of the site such as beneath the
landfil] 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, 1In the topographically lower areas of the
site such as that to the north of the landfill, the piezometric surface is
significantly higher than (he 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. The direction and magnitude of the difference in head
between the two units is graphically depicted on Sheet 16 of 21.

Several areas exist in which little or no hydraulic separation is afforded
between the Intermediate Zone and the overlying Water Table Aquifer as
previously mentioned, This fact likely has a profound effect on contaminant
transport routes when coupled with the known head differential between the two
zones, A downward gradient existing beneath the landfill allows contaminants
to migrate downward into the Intermediate 2one which is only semi-confined in
this area, After traveling laterally to the north, a portion of this flow may
migrate vertically upward under the influence of the strong upward gradients
that have been observed in the vicinity of well W-20.,

Wells W-33 and W-34 are located in the area of the plume extension shown to
have very little hydraulic separation between the water table aquifer and the
underlying intermediate zone. As such, each of these wells exhibits water
levels that are approximately midway between each of the two zones even though
they are screened within the stratigraphic unit that comprises the water table
zone. Due to the relative lack of a. confining layer at this location,
observed water quality within wells W-33 and W-34 appear to be more
representative of the intermediate zome due to the strong upward vertical
gradient that results in an upwelling of groundwater flow from the
intermediate 2one in this area,

The previously described lobe in the piezometric surface may partially be the
result of this discharge to the overlying Water lible Aquifer, R‘Wgtgdr?l&?
conductivity of the Water Table Aquifer in this area is shown to be relatively

high' vhich may have a controlling influence on this localized upward migration,

i
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Therefore, the relative reduction in head loss in the Intermediate Zone
occurs, and is manifested as a localized lobe in the piezometric surface,

The rate of horizontal flow through the Intermediate Zone can be estimated
with the use of Equation 3,16, The data required for this calculstion
includes the hydraulic conductivity and hydraulic gradient that have been
determined, respectively, at 6 % 1073 cm/sec and 0,05 and an assumed effective
porosity of 0.3, This calculates to a rate of 10 ft/yr.

This flow rate compares very closely to the known contaminant travel distance
on the north-central and northwest sides of the site. However, the situation
in the plume extension area directly north of the site is somewhat more
complex as described in Section 3.5.3.

The rate of groundwater flow in the area north of the landfill is believed to
be significantly greater due to the observed zone of higher hydraulic
conductivity soils, The hydraulic conductivity and gradient in this area are
observed to be 5 x 10°3 cm/sec and 0,02, respectively. Using Equation 3,16, &
maximum flow rate of approximately 69 feet per year has been calculated. This
flow is consistent with the maximum observed extent of the groundwater plume,

3.4,2.3 Deep Confined Zone. A deep confined water-bearing zone has been
identified at a depth ranging from approximately 75 to 105 feet below the
ground surface. This zone is contained within the coarser grained layers of
the Maumee I11 A Jlacustrine deposits, The Maumee I1I A has been described
previously as possessing a hydraulic conductivity on the order of 4 x 1075
em/sec, This zone is fully confined by the Lower Aquitard represented by the
fine-grained Glacial Till with a hydraulic conductivity believed to be less
than 5 x 1077 cm/aec, :

The piezometric surface in this Deep Zone has been depicted on the Deep
Confined Zone, Piezometric  Contour Map (Sheet 17 of 21). 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 n&%ﬁiﬁ,ﬂaﬂe
water levels from the other wells on the same date and the data from the same
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well, W-~3, indicating that the annular seal of well ¥-3 may be leaking in the
same manner as has been demonstrated for well W-20C.

The piezometric surface for the Deep Zone indicates that groundwater in the
deep confined zone flows toward the southwest, This is significantly
different than the direction of flow in the previously described overlying

zones.,

The deep confined zone probably receives its recharge through the very slow
downward flow through the confining layer that necessarily would occur under
the influence of the considerable downward vertical gradient that has been
identified. Other upgradient recharge zones may also exist north of the site,
This flow path is shown to be directly to the regionally low area represented
by Crooked Creek to the southwest of the site, Therefore, Crooked Creek most
likely serves as the discharge point of this deep confined zone.

The rate of groundwater flow to the deep confined zone is likely to be very
slow on account of the low hydraulic conductivity of the confining layer.
This rate can be calculated with the use of Equatiop 3.16, The vertical
hydraulic conductivity of the confining layer is conservatively estimated at
4 x 1077 cm/sec, A vertical hydraulic gradient across the confining layer
typical of the site was measured at W-~12 at 0,76, The effective porosity is
assumed at 0,30, On the basis of these data, groundwater moves downward
through the confining layer at a rate of no greater than 1.1 feet per year.

The rate of horizontal flow through the deep confined zone can also be
calculated with the use of Equation 3.l6. The horizontal hydraulic
conductivity of the zone has been ahown to be on the order of 4 x 1075 cm/sec,
the hydraulic gradient is approximately 0.01 and the effective porosity is
assumed at 0,3, Based upon these data, it can be seen that water moves
through this zone at a rate of approximately 2.4 feet per year,

3.5 SURFACE WATER FLOW

The land in the area around the site is drained by two unr&ﬁﬁ@t}e}@gu
described previously, Each of these streams likely repr.eunt man-made
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drainage channels as indicated by their straight, linear character (Sheet )
of 21), These streams are in communication with and receive groundwater
discharge from the shallow water table aquifer. This has been confirmed
through stream flow measurements, as described below.

Stream flow measurements were made at six locations in the two small streams
(Figure 3-4) following the methods as dascribed in Section 3.1.4.1, The
stream flow in the unnamed tributary was sufficient to allow the use of the
Current Meter Method with the use of a Price A-A meter, The magnitude of flow
in the small stream, immediately north of the site, was too small for the
current meter so that the use of a triangular weir was required. The stream
flow measurements were made on three separate dates in November and December
1988, as presented on Table 3-11,

Stream flow in the unnamed tributary, from upstream to downstream, were
measured in stations SW-1 through SW~4, respectively, The mean flow rate
increases from 1.2 cubic feet/second at the Lexington Road Bridge to 3.4 cubic
feet/second at a point below the confluence with the small stream, The mean
difference between the flows from stations SwW-3 to SW-4 of 1.1 cubic
feet/second represents the contribution of the small stream that enters the
unnamed tributary between these stations. However, the weir measurements made
in the unnamed tributary at stations SW~5 and SW-6 indicate a flow in excess
of 1.1 cubic feet/second. This inconsistency is probably due to differences
in the measurement methods and the fact that a free drop over the weir may not
have been maintained, thus yielding an excessively high rate of flow for that
method. Therefore, the flow rate in the small stream will be considered as
the differential rate between SW-3 and SW-4 or 1.l cubic feet/second, which is
approximately one third the flow of the unnamed tributary. This is consistent
with general observations of the flow in the two streams,
B!

The time span over which these measurements were made was very short,
Therefore, these data are insufficient to characterize the high and low flow
conditions of these streams, In fact, the smell stream has frequently been
observed to be dry in the summer months. These stream flow measurements serve

to provide typical rates of flow in these small streams, ARSO 'I 790
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TABLE 3-1
; SUMMARY OF STREAMFLOW DATA
—
-

’ Streamf jow
Station Test Velgcltv
Number method (117 /sec)

Unnamed E Ik Creek Tributary

Sw-1 Price AA Meter 23~-Nov~88
Sw-1 Price AA Meter 02-pec-88
Sw-1 Price AA Meter 07-Dec~88

Mean

AA Meter 23-Nov~88
AA Meter 02-Dec-88
AA Meter 07-Dec-88

mean

AA Meter 23-Nov-88
AA Meler 02-Dec~88
AA Meter 07-Dec-88

AA Meter 23-Nov-88
AA Meter 02-Dec~88
AA Meter 07-Dec-~88

Smali Stream

SW-5 ] : 23-Nov-88
S¥-5 1 02-Dec-88
S¥-5 07-pec-88

23-Nov-88
02-Dec-88
07-Dec-88

)
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4,0 CHEMICAL ANALYSIS OF SOILS

Several investigations have been conducted for the purpose of investigating
the presence of volatile organic constituents within the surficial and deep
soils as described previously in Sections 3.1 and 3.2, The results of this
work will be discussed in the following sections,

4.1 SURFICIAL SOILS

Samples were collected from 94 locations immediately around the landfill in
order to determine the areal extent of volatile organics within the surficial
soils, The distribution of the samples was extended until areas of volatile
organics had besn completely delineated on the basis of a fiéld measurement
with a HNU PID meter referenced to benzene, The results of the photoionizer
data are plotted on Figure 4-1.

The presence of volatile organics within the surficial soils has been
identified in several areas around the landfill, Several of these areas
correspond to the ao-cﬂhd "seep" arveas in which standing water containing
volatile organics has been observed, This 1s the case in the areas
immediately northeast, north and southwest of the landfill, These levels,
expressed in HNU units, range from 5.0 up to 92 but are typically much lower,

The most significant area of volatile organics within the surficial soils is
located immediately southeast of the site. One possible explanation for this
area is spillage from trucks entering the site at the time of landfill
operation. The highest levels of volatiles in this area range up to 300 ppm
HNU units in &' sample located very close to the lapndfill,

A number of dupilcne soil samples were nlec.ted for confirmatory laboratory

analysis, Soil samples were selected from each of the areas identified to

contain volatile organic soils as well as from background areas, The original

loil samples collected in 1984 were inadvertently contaminated by .the

laboratory, Replicate samples were collected in Aprii. 1985 from the selected

sample locations, PID meter data from these replicate 1985 nmpdﬁ,}oowvwgé
. WUl
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very clovely to the 1984 data, The samples were analyzed for volatile
organics, the results of which are tabulated on Table 4~], The laboratory
data correlates closely with the field (PID meter) data, thus supporting the
validity of the field data and the associated depiction of the distribution of
volatile organics within the surficial soils (Figure 4-1).

Seven additional soil samples were collected in 1988 from areas shown by the
1984 PID data (Figure 4-~1) to contain the highest Jlevels of volatile
contamination, These samples were subjected to laboratory analyses for the
TCL volatile organics scan as a re-confirmation of the previous analyses
(Table 4-1). These data are presented on Table 4-2, The parameters detected
in this TCL scan compare favorably with the 1985 data.

The volatile constituents within the surficial soils can be characterized on
the basis of the 1985 and 1988 laboratory data. Tetrachloroethene has been
shown to be the most abundant constituent with concentrations being detected
in 12 samples at values up to 620 ppb. Toluene wes detected in four samples
at concentrations ranging to 15 ppb, while trichloroethene was detected in
four samples ranging to 5.4 ppb, Ethyl benzene is the only other compound
found 1in more than one sample and was detected in three samples at
concentrations ranging up to 5.3 ppb, Benzene and methylene chloride were
found in only one sample each at concentrations of 6.4 and 8.0 ppb,
respectively,

4,2 DEEP SOILS

Deep soil samples were collected with the aid of a test boring drill rig as a
part of two separate investigations, The first investigation addressed the
perimeter area immediately southeast of the landfill, The second
investigation focused upon the groundwater plume extension area north of the
landfill,

4.2.1 - Landfill Perimeter Borings, Four deep test borings were drilled in

order to determine the depth to which volatile organics had pemeArat
NS0T 9%

soils in the landfill perimeter area located immediately southeast of the

landfill,  Soil samples from the borings, designated B-84-1 through B-84-4,
' 4-3 '
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were analyzed in the field with the PID meter, Samples were selected from
each boring for confirmatory analysis in the laboratory. Because these soil
samples were also inadvertently contaminated by the laboratory, duplicate
borings were conducted the following year, designated B-83-1 through B-~85-4,
for the purpose of recollecting soil samples for laboratory analysis, The
laboratory data are presented on Table 4-~1, The complete photoionizer data is
found on the boring logs in Appendix A,

The data indicate that the moat significant levels of deep soil contaminatien
oceur in boring B-85-2 located on the hill approximately 70 feet southeast of
the landfill, Volatile organics, quantifiad as HNU units, reach a maximum
level of 580 at a depth of 13 feet in boring B~85-2, Below that depth,
contamination levels dropped to nearly non-detectable levels at a depth of 30 *
feet, - The magnitude and penetration of soil contamination was not as

extensive in the other borings, with Boring B-85-3, also located on the hill,

showing the lowest levels of contaminants,

The volatile constituents identified by the selected laboratory analyses of
the deep soils are very similar to those for the surficial soils,
Tetrachloroethene was found in a number of deep samples at concentrations
ranging up to 51,7 ppb, Scattered low level detections of ethyl benzene,
toluene, and trichloroethene were also observed in these samples.

4,2,2 Plume Extension Borings. Twenty-two test borings, designated
B-86-1 through B-86-22, were drilled in 1986 in the area north of the landfill,
The purpose of most of these borings was to examine, what ﬁns at that time, an
apparent water quality anomaly in monitoring well W-20B, The borings were
used to collect both stratigraphic data and also data regarding the presence
of volatile organics in the soils, The soils were not believed to be
contaminated, per se, as are the soils on the landfill perimeter, Rather, the
soil pores were believed to be filled with groundwater containing dissolved
volatile ‘organics of a "plume extension”, In this way, determination of
volatile organics in the soil levels served as an indicator for the
uppr&ximate delineation of the plume extension so that additional perimeter

ARSO‘GU,

detection wells could be intelligently sited.
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The geologic data obtained from the test borings aided greatly in the
determination of stratigraphic conditions in the area north of the site,
These data have been discussed previously.

Volatile organic levels in the soil samples were determined with the use of
the PID meter, These data indicated the approximate configuration of a plume
axtansion in the water table and intermediate water-bearing zones... The
individual photojonizer data are presented on the boring logs in Appendix A,

The conditions of the plume extension as it was defined by the 1986 test
boring data are depicted on Sheets 10 and 1)} of 2l. These maps have been
prepared by plotting the highest levels of reliable PID data, expressed as HNU
units, in or nearly adiscent to each of the surficial and intermediate zones
and contouring the results. The resultant depictions closely match the
observed stratigraphic conditions, That is, volatile organic levels have been
identified in those areas in which the Maumee 111 C and the adjacent coarse
grained soils are shown to be thickest. Therefore, it appears that the
configuration of these units has a controlling influence on the migration of
the plume extension, based upon the test boring data.

Three additional perimeter detection well clusters, W-27 (A, B, and C), W-32
(A and B), and W=-37 (A, B, and C), were sited and constructed based upon the
data obtained during this test boring investigation. Subsequent analyses of
these wells indicated that they are located beyond the plume,

A number of samples were selected from each boring for subsequent laboratory
confirmatory analyses. An analysis of the laboratory and corresponding
photoionizer data indicate that a relationship does exist, thus confirming the
field results, However, some difficulties with both- the PID meter data and
laboratory data exist, as listed belov.

Detection limits of initial laboratory analyses using conventional GC
methods available at that time were insufficiently sensitive.

Several field data (PID meter) measurements were unrelia Amge
Rtam 8’02
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* Apparent low level laboratory contamination of discrete batches of
laboratory samples with acetone and/or methylene chloride,

[ eal
Those dota tha® have not been subject to the above mentioned conditions. are
presentod ‘on Table 4-~2,
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5.0 GROUNDWATER QUALITY

The perspective gained by the analysis of groundwater flow conditions has
aided greatly in the interpretation of the groundwater quality data. This has
allowed the interpretation and prediction of groundwater contaminant flow in
discrete hydrogeologic zones,

Groundwater impacts have been identified primarily in the water table and
Intermediate Zones., However, contaminants are observed to be migrating from
the site primarily within the Intermediate Zone. These impacts will be
discussed in detail in the following sections,

A variety of compounds have been identified at the site including both
metals and organic constituents. The organics primarily include a suite of
halogenated and non-halogenated volatile organics, This observed pattern of
plume constituents has not been significantly changed with the adoption of new
analytical protocols in mid-1968, Laboratory analyses are now run for the TCL
parameters following CLP protocols, Prior to 1988, a smaller group of
volatile organics, metals, and indicator parameters were analyzed, as listed
on Table 3-1,

The laboratory data have been summarized on a series of tables, These summary
tables are presented Appendix F,

Selected data have been presented in tables contained in the text. The
individual TCL volatile organic data are presented separately for groups of
wells in each of the three water-~bearing zones and the Residential wells on
Tables 5-1, 5-2, 5-3, and 5-4. The semi-volatile data are presented for each
of the three water-bearing zones on Tables 5-5, 5-6, and 5-7, The metals data
are presented in a series of statistical summaries on Tables 5-8 through 5-12,
Other parameter groups for which analyses were conducted have not been
included in the tables contained in the text (Appendix F), These include the

specific metals data, and the base/neutral and acid extractable or“R’SO‘BUS

referred to herein as semi-volatiles.
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Many of the tentatively identified volatile and semi-volatile organic
compounds from the GC/MS library search have not been individually tabulated.
Rather, the sum of these detections has been listed in one column,

The list of semi-volatile organic compounds is too long to efficiently present
all of the data, Accordingly, only those semi-volatile compounds that have
been positively detected have been tabulated, Any others can be assumed to be
non-detected, Pesticides and PCBs were not detected in any of the analytical
samples, As a result, this group of compounds has not been tabulated,

Several notations are utilized on the data tables, Compounds that have not
been detected are reported as "ND", Compounds that have been quuntif!cd'by
the laboratories at levels below the detection limit are reported simply with
a "BMDL" notation. The concentration value presented on the laboratory report
has not been presented due to it's inherent unreliability., The laboratories
have also reported a number of samples with a "B" indicating that the internal
method blank sample associated with the particular analyses contained some
level of this compound indicating inadvertent contamination of the sample in
the laboratory, These "B" notations are reported on the data tables.

The field data sheets, chain of custody records and laboratory summary reports
have been compiled in a separate volume which has been transmitted under
separate cover by Lord Corporation.

5,1 PARAMETERS

5.1.1 Organic Compounds

A group of halogenated and non-halogenated volatile organic compounds has been
identified by the CLP analytical protocols that are presently employed to
analyze the site groundwater samples, This group includes primarily methyl

isobutyl ketone (MIBK), 4-methyl-2-pentancl, acetone, methyl ethyl ketone
(MEK), vinyl chloride, trans-1,2-dichloroethene and tetrahydrofuran (THF)., 1In
addition to each of these compounds, the GC analytical methodology that was

: B304:806
employed prior to 1988 had identified significent concentrlal nd UdfU UL

cyclohexanone, 2-butanol, isopropanol and tetrachloroethene that aye not
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detected using current analytical methodology, These compounds correspond
vell to the types of wastes known to have been disposed in the landfill, 1In
this way, the various ketones are shown to be the predominant organic
constituents,

Several other volatile organic compounds that have been observed in the
laboratory data are believed to represent laboratory contamination rather than
actual chemical parameters present in the sample. The most common of these
are mathylene chloride, chloroform, and various chlorofluorocarbons, THF and
scetone were also occasionally observed as lab contaminants. Many of these
compounds are very common laboratory solvents and refrigerants. Furthermere,
the Lord laboratory routinely handles large quantities of THF, Despite the
use of the most stringent laboratory practices, inadvertent contamination of

samples by these compounds is not unusual., Many of these occurrences have
been noted by the lab with a "B"., This notation indicates that the particular
compound has also been found in an associated lab blank sample thus raising a

question as to it's actual presence in the sample., However, the absence of
such a "B" notation for other samples does not ensure that a sample has not
been inadvertently contaminated in the laboratory, as well. This is because
the method blank that is run every ten samples provides only a snapshot of the
entire laboratory procedure. Furthermore, the presence of a "B" notation does
not automaticelly mean that the sample does not contain this compound, as in a
-sample that contains a much higher level of a compound than it could ever have
received due to unintentional contamination. Therefore, it is apparent that
some judgment is required in the interpretation of the analytical data. On
this basis, individual compounds that are believed to be laboratory
contaminants, as noted above, will not be considered in the following
characterization of the water quality at the site,

With several exceptions, semi-volatile constituents that represent actual
conditions have not been detected in groundwater samples collected from the
site. The exceptions include the low level detections of benzo (k)
fluoranthene and benzoic acid in several of the plume wells located very close
to the margin of the landfill, o
ARSG1607
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Inadvertent laboratory contamination was observed in the majority of the
semi~volatile organic samples, This was primarily represented by various
phthalate compounds which are inherent contsminants of various materials used
in the lahoratory in the analysis of semi-volatile organic compounds,

The characterization of the tentatively identified compounds is more difficult
than the above described phthalate detections. Both known and unknown
tentatively identif{ed compounds have been indicated in nearly all of the
samples, No particular pattern of the tentatively identified compounds has
been observed between groups of wells believed to be in the plume and those
that are clean based on other parameters. 1In fact, the only pattern that has
been observed relates more to chronological groups of analyses than to a
particular group of wells. This would suggest subtle conditions relating to
the tuning of laboratory dinstrumentation that may be constant during a
particular analytical run, In summary, the tentatively identified
semi-volatile organic analyses provide little additional insight into the
characterization of the parsmeters contained in the site groundwater plume.

5,1.2 Inorganic Compounds

The primary plume constituents at the Shope's site are volatile organic
compounds., However, a number of inorganic compounds principally consisting of
a group of metals and chloride have been noted in wells installed in the plume.
Earlier data showed that the combined effects of these and other compounds
serve to elevate the TDS and Specific Conductance levels in the plume,
However, these compounds have not been shown to be as sensitive as the organic
constituents in the delineation of the leading edge of the plume,

Elevated levels of a group of metals have been observed in a number of wells,

However, most of the metals data from samples collected prior to
September 1986, particularly for the plume wells, are based upon unfiltered
samples,  Therefore, these metals data have been viewed with a degree of
suspicion and have not been utilized in the statistical evaluation of metals,
Furthermore, the samples collected prior to 1988 included ana yﬁqgrp 1y for
five metals including arsenic, barium, cadmium, chromium, and t‘du‘)uzréqa.
parameters list now in effect includes a much more comprehensive list of

metals,
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The soluble metals data collected since September 1986 have been statistically
evaluated, This evaluation is described below,

For the five original tested metals (arsenic, barium, cadmium, chromium, and
lead), there are typically three to five samples from each well, enough to
perform direct statistical comparisons with the background wells, For the
seven metals added as a part of the TCL analyses (antimony, cobalt, copper,
mercury, nickel, vanadium, and zinc), there is typically only one sample per
well, and data from several wells must be combined to perform the statistical
analyses, The plume wells are an exception; they have been sampled fruquently
since 1988 and sufficient data are available for all metals without combinin
wells, A compilation of all the metals data is given in Appendix F.

Most metals have results above the detection limit in most wells, including

the background wells, This makes statistical analysis possible, but it is

still necessary to deal with those results that are reportedvnl below the
detection limit, The detection limit used was sometimes slightly different
for the different laboratories and sometimes for the same laboratory on
different dates. This has made interpretation of the non-detects difficult.
Therefore, the approach used was to assume the CLP detection limits for all
samples and to set non-detects to one-half of this value, One result of this
choice is that a number of reported concentrations are lower than the
detection limit and a few are lower even than one-half the detection limit,
The net effect of this treatment of non-detects on the calculated mean
concentrations and significance levels should be small, except in cases vhere
non~detects are frequent (more than about half the total number of samples) in
which case the statistical results should be viewed with suspicion, Of the
metals tested, the data for antimony, cobalt, mercury, and nickel have a very
low percentage of detections snd the statistical results are uncertain, The
data for arsenic, cadmium, copper, lead, and vanadium have a higher percentage
of detections, and the statistical results are more reliable, but still
somewhat suspect. The data for barium, chromium, and zinc have very few
non-detects and the statistical results should be relatively unaffected by

them,
AR301809
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As a first step in the statistical analysis, the mean and standard deviation
were calculated for each metal and well, or group of walls (ses resulta in c:]\
Appendix G.) In many cases there is enough scatter in the measured
concentrations to make the standard deviation larger than the mean value, As
discussed in Section 3.1,5, the log-normal distribution is more appropriste in

such cases., For consistency and simplicity, the log normal transformstion and
geometric mean were used in analyzing all metals in all wells. This is
appropriate since, in cases where the data are not scattered and a log
transformation is not required, there is little difference between normal and
lognormal distributions and between mean and geometric mean values,

Statistical analyses were performed separately for the water table,
intermediate, and deep water-bearing zones, and the residential wells.

Several older wells apparently span both the water table and Intermediate

Zones, Of these, well W-5B was assigned to the Water Table Zone, and wells

W-33 and W-34 were assigned to the Intermediate Zone for the phrpole of this
analysis, 1In fact, in the vicinity of wells W-33 and W-34 the Water Table and
Intermediate Zones appear to be in partial hydraulic communication with each -
other and the distinction may be unimportant. The residential wells were 6:17
arbitrarily assigned to the Water Table Zone for analysis but will be
discussed separately below,

Each well, or group of wells was compared to the background wells using three
statistical tests, the parametric Student's t test, the non-parametric
Mann-Whitney test, and the test of proportions. The first two tests were

_performed in all cases, but the test of proportions was only performed in
cases where there was a high percentage (>50%) of non-detects in the data, in
vhich case it may be the most reliable test, The tests were one-tailed since
only concentrations higher than background are of interest,

The selection of the set of bagkground wells in each zone requires further

discussion. The most appropriste choice for a particular zone would be all
wells up-gradient of the landfill in that zone. There is no problem in the
Deep Zone where there are four up-gradient wells and therefore at least four
samples for all metals, , in the Water Tabl d Int
P 5, However, in the Water Table an nnmﬁﬂsﬂwﬁ|0 .
there is only a single up-gradient well (W-26A and W-26B, respectively) in' c )
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each zone, These wells have been sampled only twice since analysis of all 12
metals began in 1988, so there {s insufficient data for a good statistical
comparison., In order to have enough data, the early warning wells, %-29,
W-30, and W-31, were added to the background set in both the Water Table and
Intermediate Zones. The early warning wells were selected because they are
the furthest downgradient wells and, therefore, the least likely to have been
impacted by the landfill, Furthermore, they are far beyond the outer
perimeter detection wells which yield no signs of any volatile organics, and
metals are, in general, less mobile than organics.

As an added check of the background wells, data from well W-26A has been
statistically compared with the early warning wells for the five metals for
vhich sufficient data exist (Table 5-8). An equivalent comparison for the
Intermediate Zone was also made, as presented on Table 5-9, Here the tests
are two-tailed since any departure from equality is of interest, At the five
five percent level of confidence, the barium concentration is significantly
elevated relative to W-26A and W-268 in all three early warning wells,
Arsenic concentrations are significantly elevated in well W-30 relative to
both W-26A and W-26B.  Arsenic in well W-29 and lead in well W-30, are
significantly elevated relative to well W-26A only, The significant
differences found for barium appear to be partially explained by the unusually
low levels in well W-26A and W-26B, Arsenic concentrations are also unusually
lov in both up-gradient wells, with only one detected value out of eleven
samples, These differences in metal concentrations are extremely unlikely to
have arisen from migration of metals from the Jandfill, for reasons noted
above, and may instead reflect natural variations in soil metals
concentrations. As will be seen later, using the early warning wells as part
of the background set does not prevent the detection of significantly elevated
barium and arsenic concentrations in the plume wells,

The results of the statistical analyses are summarized in Tables 5-10, 5-11,
and 5-12 for the Water Table, Intermediate and Deep Zones, respectively.
Detailed statistical results are presented in Appendix G, The tables give
geometric means for each metal in each well and for each group of wells, Also
indicated are the calculated significance level of the diffﬁﬂeoqianfnr ‘
concentration between each well and the background wells: three asterisks

hes pag vutnd Ln zm smn &4 not as ucdcbu M mu}u ad "
bcl. At 48 duc to dubatandaad color or condition o‘ the oug\lnal :::




indicates significance at the one percent level, two asterisks indicate
significance at the five percent level, and one asterisk is used to show
possible significance at the five percent level. Note that in cases where
there was only one sample for a well (indicated by parentheses around the one

., measured value) no assessment of significance was made, Since two or three
tests were performed in each case, they sometimes disagreed on the
significance of the results. Since the Mann-Whitney test is independent of
the choice of distribution and less sensitive to extreme values than the
t-test, it was accepted when it showed a higher significance level than the
t-test. More typically, the t-test indicated a higher significance level than
the Mann~Whitney, If this occurred around the five percent level, one
asterisk was assigned to show possible aignificance. If the disagreement was
at the one percent level, three asterisks were assigned if the Mann-Whitney
result was less than two percent, otherwise two asterisks were assigned, The
results of the test of proportions were also considered in the few cases where
it was appropriste: less than 50 percent datections, but st least five
detections total,

5.2 WATER QUALITY DISTRIBUTION

The distribution of water quality constituents within each water-bearing tone
will be discussed in this section, The interpreted distribution of organic
constituents i{s based primar{ily upon the TCL data collected during 1988 and
1989, Pre-1988 organic data are also discussed in order to place the site in
an historic framework. The metals distribution is based upon the period
during which soluble (filtered) metals data have been available, that is, from
September 1986 to the present,

The water quality database for some groups of wells is not contipuous
throughout the entire period of the investigation, This reflects the various
monitoring strategies in place at a given time as well as the ipstallation
sequence of individual monitoring wells.

The groups of wells and their approximate dates of reliable data availability
are listed as follows:
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Plume Wells . 1982 - Dec, 1985, 1988 ~ Present
Plume Extension Wells 1986 ~ present
Cross-Gradient Wells 1983 ~ present
Perimeter Wells 1986 ~ present
Background Wells 1986 ~ present
Esrly Warning Wells 1986 - present
Residential Wells 1986 -~ present

5.2.1 WVater Table Aquifer

5.2.1.1 Volatile Organic Compounds (Water Table),  Primary impacts upon
water quality in the Water Table Aquifer have been observed only a relatively
short distance past the downgradient margin of the landfill on the basis of
volatile organic compounds. However, a low level volatile plume has been
identified to emanate from the landfil] and be spread out to the north in a
downgradient direction. This plume has been characterized based upon the
1988-89 TCL volatile organic data,

The Water Table Aquifer plume has been difficult to characterize using the
1988-89 TCL data because the compounds in various areas of the plume vary
videly from one another. For example, of the wells located close to the
landfill, W-9WT showed that trans-1,2-Dichloroethene and trichloroethene are
the primary constituents, W-IWT showad that vinyl chloride is the primary
constituent, while well W-3WT has been observed to he nearly free of organic
constituents, This heterogeneity is even more marked in the wells located
further from the landfill, Examples of this are seen in well W-2lA which has
shown very low levels of tetrachloroethene, MIBK, and 4-Methyl,2-Pentsnol in
one sample and was free of volatiles in other samples, and in W-324, which had
a very low level of trans-~},2-dichloroethene in one mample but was clean in
another,

The observed heterogeneity of constituents may reflect the fact that wastes
containing different compounds were disposed in different areas of the
landfill. Furthermore, the heterogeneity may be explained in that the plume
is fairly mature and that the detection of different compounAsﬁs'nod t

(Y

areas of the plume may reflect varying constituent migration rates as we
the breakdown of various compounds,
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The total volatile organic plume, based on the 1988-89 TCL data, has been
mapped, as presented on Sheet 20 of 21, More than one set of sample data are
available for most of the wells that have been characterized, A total
volatile organic value was determined for each well by summing the
concentrations of each of the detected compounds from the most highly
concentrated sample available for each of these wells. Compounds that have
been shown to represent laboratory contaminants, as described previously, have
not been included in this summation. Using only the data with the highest
levels of volatiles for the group of available data provides a very
conservative depiction of the plume. In fact, a number of wells which are
mapped with a positive detection of volatiles showed nondetectable analytical
results from other sample dates,

Volatile organic constituents within the Water Table Aquifer likely migrate
downward into the underlying semi-confined, Intermediate Water-Bearing zone,
This movement occurs under the influence of the substantial downward vertical
gradient that exists beneath and immediately north of the landfill as depicted
on the Differential Head Distribution Map (Sheet 16 of 21).

The plume had been previously characterized based upon TVO scan data obtained
from 1983 to 1987, These data showed that the water table plume in 1987 was
.located only at the immediate margin of the landfill site., Furthermore, the
data showed that water quality in wells located close to the landfill had a
continual improvement in quality over time, as depicted on Figure 5-1. More
recent total volatile organic data based upon the TCL analyses have not been
plotted on this figure since the TVO scan data by GC cannot be directly be
compared to the sum of the TCL volatiles, The fact that the water table plume
is now shown to be further from the site (Sheet 20 of 21) than previously
described may be due, in part, to the fact that the plume may be continuing to
migrate from the site with little additional contribution from the landfill,
Furthermore, subtle differences in the laboratory methods may also contribute
to the mapping difference, Finally, the assumptions that were used to

construct the current water table plume map are more conservative than those

AR301G 1

used in the previous characterization of the plume,
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5.2.1.2 Other Organic Compounds (Water Table). Semi~volatile organic
compounds were detected in only three samplas collected {rom three plume wells,
Semi~volatiles in the Water Table Zone have been characterized by the presence
of Benzo (k) fluoranthene in plume wells W-IWT and W-3WT at levels ranging up
to 52 ppb. This compound was also detected in one sample from well W-39A at a
level of 48 ppb. This type of compound is commonly associated with coal and
petroleum derivatives which may or may not be be related to the landfill.

PCBs and Pesticides were not detected in any wells in this zone.

5.2,1.3  Metals (Water Table), A statistical analysis was performed on
metals data from wells in the Water Table Zone. As discussed above, the
background set consisted of data from well W~26A and the early warning wells,
¥-29, W-30, and W-31, Compared to this background set, Table 5-10 indicates
that significantly elevated concentrations were found in some cross-gradient
wells and in plume wells W-IWT and W-3WT, There vere no elevated
concentrations in any of the perimeter wells, In the cross-gradient wells,
arsenic is significantly elevated in W~5WT and W-8WT (geometric means of 7 ppb
and 5,7 ppb compared to background mean of 2,5 ppb), chromium is elevated in
W-8WT and perhaps W-5WT (geometric means of 22 ppb, and 20 ppb, respectively,
compared to background mean of 7 ppb) and lead is elevated in W~5B (geometric
mean 68 ppb, compared to background mean of 7.5 ppb). When all cross-gradient
wells are combined, arsenic, chromium, copper and vanadium are significantly
elevated at the | percent level, cobalt, lead and nickel are elevated at the
five percent level and zinc may be elevated as well, The only metals that do
not show significantly elevated concentrations are antimony and mercury, which
are not detected, and barium and cadmium. These results are hard to explain
since the cross-gradient wells should not be impacted by the landfill, In the
plume wells, barium is elevated at the one percent level in well W=-IWT
(geometric mean, 514 ppb, compared to background mean of 140 ppb) and mercury
may be elevated there. Arsenic and chromium may be elevated in well W=3WT,
No significantly elevated concentrations appear in any other plume wells, The
results from the plume wells are consistent with previous results,

ARS01GI5
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$.2,2 Intermediate Zone

The Intermediate Water-Bearing zone provides the primary conduit for the
movement of constituents from the site, A plume has been defined emanating
from the site and moving toward the north and northwest under the influence of
the direction of groundwater flow.

5.2,2,1 Volatile Organic Compounds (Intermediate 2one), Groundwater
quality within the Intermediate Zone has been characterized on the basis of
the TCL volatile organic data available from samples collected in 1988 and
1989, These data have been difficult to characterize for many of the same
reasons as described previously for the Water Table Zone, 1In particular, the
concentrations of the detected parameters have been observed to fluctuate to a
large degree, However, the aingular identity of the volatile constituents
observed in these wells is somewhat better defined than those in the Water
Table Zone. The primary plume constituents in the Intermediate Zone include
MIBK, 4-methyl 2-pentanol, acetone, MEK, vinyl chloride,
trans-1,2~dichloroethene, and THF.

The total volatile organic plume in the Intermediate Zone has been mapped
based upon the 1988-89 TCL data (Sheet 21 of 21), Multiple sets of volatile
organic data are available for most of the wells that have been characterized,
"A total volatile organic value for each well was determined by summing esach of
the detected compounds from the most concentrated sample available for each of
these wells, Compounds that represent laboratory contaminants, as described
previously, were not included in this summation. As with the Water Table Zone
map, this technique results in a very conservative depiction of the position
of the plume. Many of the wells that are mapped with a positive detection of
volatiles have at other times been shown to be free of volatile organic

compounds.

The lateral bounds of the plume, as depicted on Sheet 21 of 2] are well

defined. The downgradient end of the plume is bounded with perimeter wells

that have either not shown the detection of any volatiles or have indicated

only the one-time detection of low level volatiles, as in the ¢ 06 ]
fHsdiete ~

W
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w~21B and W-~228, Furthermore, the volatiles ohserved to the east cannot be
) attributed to the landfill aa these walls are clearly located in a

cross~gradient direction from the site,

The groundwater plume as depicted on Sheet 21 of 2] is quite comparable to the
Intermediate Zone, Scil TVO Isocon Map (Sheet 1l of 21). The Soil TVO isocon
map vas previously prepared based upon P.I.D, data obtained from soil borings
drilled in 1986 as a preliminary means to identify the approximate bounds of
the volatile organic plume, The similarity of these maps indicates that the
use of soil TVO measurements was successful in this preliminary definition of
the plume,

The Intermediate Zone groundwater plume can be separated into several distinct
' areas, Much of the plume is migrating slowly to the northwest within the

moderately low transmissivity materials that constitute the majority of the

Intermediate Zone. In addition some low level volatile organics are present
I in an area located east in a cross-gradient direction from the landfill.

However, most of the plume is likely migrating more rapidly through the area
C; of higher transmissivity directly north of the landfill.

| The portion of the plume northwest of the site has migrated approximately 150
to 600 feet past the margin of the landfill.,  This rate of movement

I corresponds very well to the measured hydraulic conductivity values, as
previously mentioned,

Low levels of volatile organics consisting of tetrahydrofuran (THF) have been
observed in several of cross-gradient wells located east of the site, THF has
been observed in wells W-5, W-7 and W-8A at concentrations as high as 5.0, 70
and 89 ppb, respectively, These data from the cross-gradient wells are
consistent with available historical data in which THF has been the primary
parameter that was observed previously on the basis of GC data, However, it
. should be noted that the THF levels that are currently observed in these wells
are significantly lower than those that were previously detected.
Furthermore, no volatile organic compounds have been detected in any of the
residential wells located to the east of this particular area. ARSG | 8|7
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A low level of benzene, at 12 ppb, was observed in the initial sample
collected from the cross-gradient early warning well, W-358, This was not
repeated in later samples and has been attributed to inadvertent contamination

during drilling.

The hydrogeologic conditions of the Intermediate 2one to the east of the
landfill are similar to the area northwest of the landfill in that groundwater
flows to the northwest at a relatively slow rate. However, on the basis of
these data, it is difficult to directly attribute these detections of
volatiles to the landfill due to it's cross gradient position with respect to
these wells, The presence of these volatiles may be due to spillage that mly
have occurred along the landfill access road,

The conditions of volatile organic migration in the area north of the landfill
are somewhat different than that described previously for the discrete Water
Table and Intermediate Zones. This northern plume has migrated a greater
distance past the landfill than the other portions of the plume. This
movement is believed to be under the influence of the higher hydraulic
conductivity conditions that have been identified in this area, In addition,
the separation between the Water Table and Intermediate Zones is not as
pronounced as has been observed elsewhere on the site, The two water-bearing

zones behave almost as one within the area directly north of the landfill

The water quality data available for wells W-20B and W-34 represent the
typical TVO levels in this northern plume, Vinyl chloride has been
consistently observed in well W-20B at concentrations ranging from 200 ppb to
2,400 ppb. Other detected compounds have included acetone and THF, Samples
from well W~34 have contained lower levels of vinyl chloride at concentrations
ranging from ND to 23 ppb., Other compounds observed in W-34 include MIBK,"
acetone, THF, and 4-methyl, 2-pentancl at a total concentration of 1,500 ppb.

Other water quality data show that the volatile organic levels decrease
rapidly to the north, Therefore, these northern areas may represent an area
of low level "fringe" contamination. An exception to this is well W-36B,
where trans-1,2-Dichloroethene was observed in one sample at 1,200 Bf 15 f
other samples from this well have been free of volatiles, R‘)Ol
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The Intermediate Zone and the overlying Water Table Zone appear to behave as

one combined unit in the area that contains the highest levels of volatile
l organics, In this area, volatiles migrating through the Intermediate Zone can

move upward under the influence of the observed upward vertical gradients,

Thus, the migration of contaminants may be partially contrelled by the more
] highly transmissive but laterally discontinuous units of the Water Table Zone,

. The migration rate of the plume in this northern area is controlled primarily
by the localized stratigraphic conditions observed during this investigation,
The rate of pgroundwater movement in the vicinity of well W-34 probably
provides a maximum plume travel rate in that deposits have bean observed to be
thicker (Sheet 13 of 21) and more coarse-grained in this area than in other
areas of the site, This localized migration rate may be estimated with use of
Equation 3,16, Using hydraulic conductivity for this area of | x 10~3 em/sec,
an observed hydraulic gradient of 0.02 and a porosity of 0.3, this yields a
maximum flow rate of approximately 70 feet per year. 1In fact, this is very
consistent with the observed migration of the volatile plume.

The constituents in this northern plume will probably not migrate into a
regional flow system such that they would dimpact existing downgradient
residential wells., The present maximum extent of the plume has been defined
by the uncontaminated conditions of perimeter well clusters W-27 (A and B) and
W-32 (A and B), If the plume migrated beyond the perimeter wells, it is not
likely to present a threat to the downgradient residential wells, This is due
to naturally occurring attenuation mechanisms and to the fact that a

due to the observed upward hydraulic gradients. Furthermore, the anticipated
remedial efforts described in the Feasibility Stu!y (FS) report will pull back
this plume through the installation of pumping wells, thus preventing any
substantial future migration,

The Intermediate Zone groundwater plume was previousl-: characterized on the
basis of GC TVO scan data obtained from 1983 to 1987. 7iese data showed water
quality improvements in a number of Intermediate Zone mo: itoring wells located
close to the landfill, as depicted on Figure 5-2, The rrﬂtﬁSlUcrtnbm.

' significant amount of the plume would be expected to discharge to the stream
@,
i
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volatile organics were not plotted on this figure because the TVO scan data by
GC cannot be directly compared to the sum of the TCL volatiles, Therefore,
this trend cannot be confirmed out to the present time.

5.2,2,2  Other Organic Compounds (Intermediate Zone), Semi-volatile
organic compounds were datected in only a limited number of aamples collected
from the Intermediate Zone wells. Benzo (k) fluoranthene was detected in two
wells located at the margin of the landf{ill, W-lA and W-3, at levels ranging
up to 57 ppb. This compound was also detected in one sample collected from
well W-39B at & concentration of 55 ppb. In addition, benzoic acid at levels
ranging up to 4300 ppb was detected in well W~3, No other semi-volatiles ware
detected at levels above the detection limit,

PCBs and Pesticides were not detected in any wells in this zone.

5.2.2,3  Metals (Intermediate Zone), The statistical analysis of metals
in the Intermediate Zone utilized a background set consisting of data from
well W-268 and the early warning wells, W-29, W-30, and W-31, Relative to
this background data, the statistical analyses indicate (Table 5-11)
significantly elevated concentrations of arsenic in some perimeter wells,
especially, W-32B and W-23B (geometric means 5.5 ppb and 3.8 ppb,
respectively, compared to background mean of 2.5 ppb), Lead is also elevated
in w-32B (geometric mean 30 ppb, compared to background mean of 12 ppb).
Arsenic and lead are also significantly elevated in some cross~gradient
Intermediate Zone wells: W-5A and W-BA for arsenic (geometric means 6,5 ppb
and 7.7 ppb) and W-5A for lead (geometric mean 65 ppb). As in the Water Table
Zone, these results are difficult to interpret, but the fairly large
percentage of non-detects in the data for both arsenic and lead may be

affecting the results,

The results for the plume wells are consistent wich earlier results. Bariunm,
for example, has geometric mean concentrations as high as 5,800 ppb in wells
near the landfill and lower concentrations further away from the landfill
These barium concentrations are mapped on Sheet 19 of 21, The elevated barium
hconcentutionl are significant at the one percent level in W&UM;ZU
W-3, W-20B, W-33, W-34, and W-39B (geometric means 1,300. 5,800, 4,100, 600,

g r s p— - .
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1,300, and 1,500 pph, respectively, compared to background mean of 60 ppb).
Other metals which have significantly higher concentrations (at the | percent
level) in plume wells are cadmium in W-208 (6 ppb, compared to 2.5 ppm
background), chromium in W-39B (64 ppb, background 12 ppb), copper in W-3
(365 ppb, background 36 ppb), and zinc in W-lA (4,100 ppb, background
600 ppb). When reviewed on an individual well basis and including possibly
significant results at 5 percent or less, well W~lA shows elevated
concentrations for 9 metals, well W-3 for &4 metals, wells W-20B and W-39B for
3, well W-3) for 2, and wells W-4A and W-34 for 1 each. This is roughly
consistent with the distance of the wells from the landfill and the previously
determined boundaries of the plume,

5.2.3 Deep Zone

5.2,3.1 Volatile Organic Compounds (Deep Zone),  Water quality in the
Deep Zone has been shown to be unaffected by volatile organic constituents
from the landfill, This conclusion is based largely upon the results from
newly installed Deep Zone well W-6B which is located immediately downgradient
form the landfill in which no volatiles were observed above the detection
limit, In addition, well W-24C, which is located marginally downgradient from
the landfill, showed no positive detection of volatiles with the exception of
one time detections of low levels of MEK and acetone,

The direction of groundwater flow in the Deep Zone is nearly in the opposite
direction of the overlying zones., Therefore, well cluster locations that are
downgradient of the landfill in the upper zones serve as upgradient,
background locations in the Deep water-bearing zone. The upgradient wells in
"the Deep Zone include W-7A, W-21C, W-~22C, and W-27C,

The deep water-bearing zone has alvays been believed to be unaffected by
landfill-derived volatile constituents. This zone is confined by an aquitard
of low hydraulic conductivity, Even with the strong downward vertical
hydraulic gradient that has been observed, the aquitard has been adequate to

prevent the downward migration of contaminants to this zone. ARSO | 82 |
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Two Deep Zone wells located immed{ately upgradient of the landfill, W-1 and
w~3C, have previously contained substantial levels of volatile organics.
Howaver, this has been shown to represent vertical leakage through the well's
annular seals, rather than evidence of water quality degradation in the Deep
Zone., On this basis, wells W-1 and W~3C were removed as previously described,

5.2,3,2 Other Organic Compounds (Deep Zone), Semi~velatile organic
compounds attributable to the landfill have not been detected in any of the
deep monitoring wells. Low levels of 2,6-dinitrotoluene were detected in one
sample from each of wells W-23C and W-27C,  However, neither of these
parameters have been observed in any of the plume wells. Moreover, these are

not located in a downgradient direction from the landfill.
PCBs and Pesticides were not detected in any wells in this zone,

5.2,3,3 Metals (Deep Zone), The statistical evaluation of metals in the

Deep Zone utilized four upgradient, background wells, W-7A, W-21C, W-22C, and

W-27C, The only true downgradient well is W-6B; the remaining three deep

wells are classified as cross-gradient, Statistical tests indicate (Table (z:)
5-12) that there are no significantly elevated concentrations for any metal in -
the downgradient well. This finding is consistent with the organic data that
indicated no impact of the landfill on the deep water-bearing zone. A few
significantly elevated concentrations do show up in the cross-gradient wells,
notably arsenic in wells W-23C and W-26C (geometric means 4.8 and 5,1 ppb,
respectively, compared to background mean of 2.8 ppb) and barium in W-23C

(770 ppb, background 180 ppb). These elevated cross-~gradient concentrations

are attributed to natural variability in groundwater quality rather than any

impact from the landfill

5.2.4 Residential Wells

A residential water supply well survey was conducted, as previously described.
This survey indicated that most of the rasidential wells are relatively
shallow and probably intercept the Water Table Aquifer and/or the Intermediate
Zone.  Water wﬂnydnahwebnﬁomnmdfmma number Mnﬁgaﬁﬁaz

wells, the results of which are dea;ribed in the following sections, (::;
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$.2.4.) Organic Compounds. The volatile organic data for "the residential
water supply wells are presented on Table 5-4. No volatile organic compounds
were detected in any of these wells at any time.

PCBs and pesticides were not detected in any of the residential wells,

5,2,4,2 Metals. The metals data results for the residential wells have
been statistically compared with the Water Table Zone background set as
presented in Table 5-1,  Little would change if the Intermediate Zone
background set were used instead since the bulk of the background data is from
wells W-29, Ww-30, and W-31 in both sets. The results indicate no
significantly elevated concentrations for any metal in the residential wells.

AR301023
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FIGURE 5-1
SELECTED WATER TABLE WELL DATA (TV0)
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FIGURE 5-2
SELECTED INTERMEDIATE WELL DATA (TvO)
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TABLE 5-1
WATER TABLE WELLS
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TABLE 5-8
BACKGROUND METALS DATA SET
WATER TABLE ZONE

Non~detects were set to one~half of the detection limit
Statistics are for log transformed data

BACKCROUND SET: 26A

Arsenic Barium Cadmium  Chromium

Number of Samples: " 1" N 1
Number above DL: 1 N 7 9
Ceometric¢ Mean: 2,578 66,180 3.714 6.710
Mean of LoQs: 0.947 4,192 1.312 1,904

Std., Dev, of Logs: 0,101 0.458 0.868 0,786

DATA SET: 29
Arsenlc parium  Cadmium Chromium Lead
Number of Samples: 3 3 3 3 3
Number above DL: 1 3 2 3 1
Ceometric Mean: 1,842 237,83 1.857 7.650 5.724
Mean of LoQs: 0.611 5,472 0.619 2,035 1,745
Std, Dev, of Logs: 0.529 0.223 0.258 0.682 1,435

SICNIFICANCE:
T=Test == Equal var,: 0.0485 0.000623 0.208 0.798 0,934
mMann-whitney Test: 0,125 0.0127 0.1 0,640 0.856
Test of Proportions: NA NA NA NA 0.923

DATA SET: 30
Arsenic Barlum cadmium  Chromium Lead
Number of Samples: 3 3 3 3 3
Number above DL: 2 3 2 3 3
Geometric Mean; 3,420 347,04 1.854 9,983 27.441
Mean of Logs: 1,230 5,849 0.617 2,301 3.312
std, Dev, of Logs: 0.271 0,400 0.266 0.910 0.354

SICNIFICANCE .
T-Test -~ Equal var,: 0,0109 0.000104 0.207 0.465 0.0262
mMann-whitney Test: 0.0299 0.0127 0.130 0.755 0.0199
Test of Proportions: NA NA NA NA 0.0507

DATA SET: N
Alrsenic Barium  Cadmium Chromium Lead
Number of Samples: 3 3 3 3 3
Numbet above DL: 2 3 1 3 2
Ceometric Mean: 2,154 537,35 3,063 11. 30 37
Mean of Logs: 0.768 6,287 1,120 hézéﬂ l 8% 9
Std. Dev, of Logs; 0.705 0.114 0.352 0.581 1.141

SIGNIF ICANCE ;
T-Test -~ Equal var,: 0,380 0,000006 0,720 0.310 0.494
Mann-whitney Test; 1,000 0.0127 1,000 0,350 0.546
Test of Proportions: NA NA NA N4

Lot ip¥ Ay
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TABLE 5-9
BACKGROUND METALS DATA SET
INTERMEDIATE ZONE

Non-detects were sel to one~half of the detection limlt
statistics are for log transformed data

BACKGROUND SET: 268
Arsenic Barium  Cadmlum  Chromium Lead
Number of Samples: N " 1" " 1"
Numbes above DL: 1 n 8 9 8
Ceome', ric Mean: 2,500 31,735 2,444 8,396 12,003
Mean of Logs: 0.916 3.457 0.894 2,128 2,485
std, Dev, of Logs: 0,000000 0.492 0,261 -0,730 1.022

DATA SET: 29
Arsenic Barium Cadmium  Chromlum
Number of Sampies: 3 3 3 3
Number above DL: 1 3 2 3
Geometric Mean: 1.842 237,83 1.857 7.650
Mean of Logs: 0.611 5,472 0.619 2.035
Std. Dev. of LoQs: 0.529 0,223 0,258 0.682

SICNIF ICANCE
T-Test -~ Equal var,: 0,0507 0.000021 0.3 0.847
mann-whitney Test: 0.0817 0.0126 0.180 0.938
Test of Proportions: NA NA NA NA

DATA SET: 30
Afsenic Barium  Cadmium Chromium Lead
Number of Samples: 3 3 3 3 3
Number above DL 2 3 2 3 3
ceometric Mean: 3.420 347,04 1.854 9,983 27 441
Mean of LOQS: 1,230 5.849 0.617 2,301 3.312
Std, Dev, of Logs: 0.271 0.400 0,266 0.910 0.354

SICNIF ICANCE:
T-Test -- Equal var.: 0,000957 0.000006 0.132 0.734 0,203
mann-whitney Test: 0.00714 0.0126 0.156 0.876 0.115
Test of Proportions: NA NA NA NA NA

. -DATA SET: 31
Arsénic Barium  Cadmium Chromium Lead
Number of Samples: 3 3 3 3 3
Number above DL 2 3 1 3 2
Geomett|c mean: 2,154 537,35 3,063 11,302 8.837
Mean of Logs: 0,768 6,287 1.120 2,425 2.179

Std, Dev, of Logs: 0,705 0,114 0,352 ' qmgo,alsw

SIGNIF ICANCE : .-
T-Test =~ Equal var,: 0.443  0,000001 0.237 0.531 0.660
Mann-whitney Test: 0,898 0.0126 0.425 0,436 .-~ 0,526
Test of Proportions: NA NA NA
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6.0 SURFACE WATER QUALITY

Samples have begn collected from the two small streams located somewhat more
distant from tﬂ: site (Figure 3-4)., Other miscellaneous samples have been
collected from the surface "geeps" and the various drainage swales and
springs, as indicated on Sheet | of 2],

Multiple water and bottom sediment samples have been collected from the two
small streams at the six stations designated 5W-1 through SW-6. In addition,
s seventh station, SW~7, was also sampled less frequently. The pre~1988
surface water samples collected were analyzed for all of the Category A, B, C,
D parameters (Table 3-1), The sediment samples were analyzed only for TVO,
THVO and metals (Table 3-1), ﬁore recently, samples collected from these
locations have been subjected to analysis for the TCL parameters, as presented
on Tables 6-1 through 6-7.

The surface "seeps" have been sampled periodically from 1983 to 1986 at times
when sufficient water has been available to be collected. These samples have
been analyzed only for pH, Specific Conductivity and TVO. These data are
presented on Table 6-8, In addition, a limited number of recently collected
seep samples have been analyzed for the TCL parameters, as presented on
Tables 6-9 and 6~10.

6.1 STREAM DATA

Stream samples have been collected from seven stations as previously described,
Two of these stations, SW-1 and SW-2, represent background locations with
respect to the site, Three sample stations SW-5, SW-6, and SW-7 are located
in the small stream located closest to the site and are the most likely of any
to be affected by the site,

6.1.1 Volatile Organic Compounds

None of the surface water samples indicated the presence of Rrw VEHHE‘
organic compounds except for one sample collected from blckgroﬂﬂj] 4

Sk-1 located at the Lexington Road culvert, This sample contained low levels
of tetrachloroethane, beniene, and 1,1-dichloroethene (Table 6-1),

6-1
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Volatile organic compounds were flightly more prevalent in the sediment
samples. The background station, SW~l, indicated benzene, toluene, and
2-butano) at concentrations of 20, 16, and 170 ppb, respectively. These
compounds are indicative of the presence of petroleum compounds, as noted
below, Non-recurrent levels of volatile organics were detected in several of
the small stream samples, 2-butano] was detected once at SW-5 at 45.6 ppb and
carbon disulfide was observed in SW-7 at 18 ppb.

The presence of methylene chloride, trichlorofluoromethane, and acetone are
believed to represent inadvertent laboratory contamination,

6.1.2 Semivolatile Organic Compounds

Semivolatile organic compounds are more widespread in the surface water
samples than are the volatiles, A number of polynuclear aromatics (PNAs) were
detected at levels too low to quantify in the background station SW-1. All
other surface water samples were free of semivolatiles with the exception of
one collected from SW-6 on December 2, 1988, This sample contained s number
of semivolatiles at concentrations ranging up to 270 ppb., All other water
samples collected from SW-6 were free of semivolatile constituents
(Table 6-2),

. None of the sediment samples contained semivolatile compounds above the
detection limit except for three samples collected from background station
SW-1, Samples from this station contained significant levels of a number of
PNA compounds, The presence of the PNAs, the volatile organics, and the
proximity of this station, SW-1, to the road would suggest that this station
has been contaminated by petroleum products from the road,

6,1.3 Metals

Metals data for water and sediment samples collected from the seven stream
stations are presented on Table 6-3, Statistical analyses have been performed
on these samples as per the methodology described previously.

R301669
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The surface water metals data are characterized by a high percentage of data
recorded as non~detectable (ND). Table 6~4 gives, for each metal, the number
of samples above the detection limit and the total number of samples for esch
station. Six metals, antimony, cadmium, cobalt, mercury, nickel, and
vanadium, have no measurements above the detection lim{t and can be eliminated
from further consideration. Two other metals, arsenic and copper, shov only a
single detection of 13,7 ppb and 12.5 ppb, respectively, each of which were at
station SW-6, There is not sufficient data to generate any statistical
inferences, but the fact that station SW-6 is very close to the downgradient
end of the landfill, is suggestive of site~derived influence,

The remaining four metals, barium, chromium, lead, and zinc, have between

16 percent and 44 percent of total samples (5 to l4 measurements) above the
detection limit, This is too low a detection rate for parametric tests, but

is enough for non-psrametric tests, including the Mann-Whitney and the test of
proportions, The latter test {s more relisble, but requires that the data be
combined into two sets: background data (SW-] and SW-2) and test data
(stations SW~-3 through SW-7). The results of the test of proportions are

given in Table 6-5; only zinc has a significantly higher proportion of detects (::D
in the test data at the 5 percent level, The results of applying all tests to =
the surface water data are given in Appendix G.

Table 6-6 gives estimated geometric mean concentrations for each metal at the
blckground stations (SW~1 and SW-2 combined), at each downstream station, for
SW-7 combined (SW-7 is combined with SW-6), and for all downstream stations
(SW-3 through SW~7) combined, The measurements below the detection limit have
been set to one-half the detection limit when calculating the mean values.
The table also shows the locations where the downstream concentrations were
significantly higher then background: zinc at stations SW-6 and SW-7 combined,
and at SW-3/

The geometric mean concentrations for metals in stream sediments are given in
Table 6-7 at the various stations, Data from stations SW-! and SW-2 have been
combined to give one background set and data from stations SW-6 and SW-7 have

also been combined, The data were log-transformed before; mnalyai d
. 8 ARSUYE 70
non~detects were set to one-half the detection limit,  The table also c oy

6-3
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indicates that barium and arsenic are present at several locations at
ﬂ’\i significantly higher concentrations than background samples. Barium s
- significant at stations S¥-3, and SW~6 with geometric means of 61,100 ppb and
76,900 ppb, respectively, compared to a background mean of 39,100 ppb,

Arsenic at location SW-3 and SW-~5 had geometric means of 9220 ppb and 12,400

ppb, respectively, compared to a background mean of 4700 ppb. The basis for

these conclusions is discussed below,

Of the twelve metals, two can be eliminated from statistical consideration
immediately: antimony which has no measurements above the detection limit, and
mercury which has data from only two downstream samples, In order to
investigate the differences in concentrations of the remaining ten metals at
the various Jocations, the data from each downstream test station (SW-3, SW-4,
SW~5, SW-6, and SW=~7) were individually compared to data from the combined
background stations (SW-l and SW-2), Both parametric (Student's t) and
non-parametric (Mann-Whitney) tests were used, The tests ure one-sided since
we are interested in cases where the downstream locations have highe;
concentrations, For all three metals there was reasonable agreement between
C::) the non-parametric Mann-Whitney and the Student's t with a log-normal
distribution. The results of these tests are given in Appendix G,

Barium shows elevated concentrations at stations SW-3, SW-~6, and SW-7, which
are significant at the one percent level, Concentrations at locations 4 and
5, are not significantly elevated, even at the five percent level.

Arsenic also has higher concentrations at station SW-3, but not at
station SW-4, which is further downstream, The situation for stations SW-5
l through SW-7 on the smaller stream, is less clear. There is evidence of
significantly higher concentrations at about the one percent level at
l . station SW-5, but no such evidence at stations SW-6 and SW-~7, which are
upstream and closer to the landfill than station SW-5,

l In summary, most of the metals data for the stream water samples indicated no
detection of most metals, with the exception of barium, chromium, lead, and
zine, Only zinc showed any significant differences in downatreannfl?gz' Bf’.ll
& geometric mean value of 9.4 ppb for the combined group of samples.

P
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More data are available for the sediment samples, Twvo metals are
significantly above background in the sediments., Barium is aignificant at
SW~3, SW-6, and SW~7, with geometric mean concentrations ranging to 76,500 ppb,
Arsenic may be elevated at stations SW-3, SW-5, SW-6, and SW-7 with geometric
means ranging to 12,400 ppb. These data can be qualitatively compared to
naturally-occurring levels of metals in the soils, Five soil samples
collected at various depths from two soil borings, at background locations
represented by W-37 and PZ~38, were analyzed for metals (Table 6-11), Barium
and arsenic levels were observed in a sample frcmiw-37 at 85,800 ppb and
12,200 ppb, respectively, which is not dissimilar to the maximum means as
observed in the stream sediments.

6.2 MISCELLANEOUS DATA
6.2.1 Seep Samples

Water quality samples have been collected from five "seep" areas including s
former excavation termed the "New Pond". All available data from these
samples indicates the presence of volatile organic compounds, based
principally upon the TVO analysis. The presence of volatile organics is
consistent with the observed water quality data in the water table wells
located at the landfill perimeter, This is not surprising as the water
collected from the "seeps" originates from the shallow water table,

Most of the "seeps" contain water only during the wet periods of the year. An
exception is the "NE Seep" which contains sufficient water for sampling during
most months of the year, The data for the "NE Seep" indicates apparent
seasonal variation in the TVO concentration with the highest levels occurring
in the wetter peﬂods of the spring, These higher levels probably correspond
to periods when greater volumes of water are exposed at the surface and at a
time when temperatures are relatively low thus allowing less volatilization of
the contaminants, Similar but less merked trends are noted for data from the

other "seeps'.

The compound specific analysis of ter and sediment sample cglheatad
p p ysis of a water and P nﬁeotu'gm
the "NE Seep" on July 29, 1988 resulted in no positive ideptification of C
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specific compounds except for several that were found in the blank or were
tentitlvely identified. TCL volatiles and metals were run on a suhsequent
wvater sample collected on May 9, 1989. The results are variable, but indicate
levels of trans-l,2~dichlorcethene and vinyl chloride on the May 1989 sample
at 120 and 56 ppb, respectively, A sample collected from the SE Seep on the
same date contained trans-},2-~dichloroethene and trichloroethene at 130 and
33 ppb, respectively.

In the analysis for metals, arsenic, barium, and zinc were detected in most or
all of the samples from the "seeps" with concentrations ranging as high as
30 ppb, 329 ppb, and 250 ppb, respectively., Lead and mercury were detected in
two of the four samples, with maximum concentrations of 50 ppb and 23 ppb,
respectively, Copper and vanadium were detected only in the July 26, 1988
sample from the "NE Seep", with concentrations of 32 ppb and 22 ppb,
respectively, In comparison with the range of concentrations seen in
background wells in the shallow water table, arsenic, mercury, and perhaps
zinc concentrations appear somewhat elevated, but barium concentrations are

within the expected range.
6,2.2 Other Samples

A number of miscellaneous surface water samples have been collected in the
vicinity of the site, These include stormwater runoff samples from two
landfill cap.swales, a wet "spring" area north of the landfill near well W-39,
discharges from a tile system draining the field north of the site, and the
svale running paralle]l to the northern property line,

The "Spring" located north of the landfill has been observed to contain only a
BMDL level of vinyl chloride., Water from this spring represents the discharge
of the low level groundwater plume from the Water Table Zone, Barium was
detected in the spring water at a concentration of 76 ppb, well within the
background range for the shallow water table.

Stormwater flowing off of the landfill has been sampled, These samples have
been collected from the swales on the north and west sides of “R&gnllﬂﬂ:i
These swales drain to the northwest from which a sample was collected nearby
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well W-1l,  Very low levels of volatile organics were observed from the
samples collected from the landfill swales in May 1989. This is represented (::)
by the north swale which contained trans-],2-dichloroathene and
trichloroethene at 19 and B ppb, respectively. Samples collected from these
svales in 1986 were not found to contain volatiles. The downstream swale near

well W-11 was free of volatiles on May 9, 1989, The highest metals
concentrations on May 9, 1989 were found in the north swale where barium,

lead, and zinc were detected at 202 ppb, 15 ppb, and 141 ppb, respectively,

These concentrations are within the normal range of background concentrations

in the shallow water table.

Standing water is often observed in the woods located west of the site during
the wet periods of the year, This likely represents the presence of the water
table surface at the immediate ground surface. A sample was collected from
this "Wet Woods" the results of which were free of volutile orgnnicl and
showed only background levals of metals,
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TABLE 6-5

TEST QF PROPORTIONS AFPLIED TO SURFACE WATERS DATA

METAL Barium Chromium Lead Zine

SIGNIFICANCE
LEVEL 0.29

AR3D1692
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TABLE 6-8
WATER QUALITY DATA
MISCELLANEOUS SURFACE WATER
INDICATORS \METALS
(reported in ppm, except TVO & THVO which are ppb)

Lord\Shope Site
Girard Twp., Pennsy!vania

Locatlon Date pH Spec Cond TVO(A)

NE Seep 0oct-86 . 450,0 10.9

New Pond Jun-83 26,6

New Pond Aug-83 35,6

New Pond Sep-83 26,2

New Pond 0ct-83 32,2

New Pond Mar-84 29.8

New Pond Apr=84 . 40,0

New Pond May-84 . 21,3

New Pond Jun-84 45,6

New Pond Jul-84 200.0 40.0

New Pond Aug-~84 290,0 31.9

New Pond Sep-84 150,0 23.9

New Pond 0ct-84 200.0 29.3 (:Z>

New Pond Nov-84 560.0 47.0

New Pond Dec-84 340.0 43.6

New Pond Mar-85 610.0 27 .4

New Pand Apr-85 675.0 13.8

New Pond May-85 640.0

SE Seep May-84 662.5
Seep Jun~84 406,8
Seep Jul-~84 490.,0 90.0
seep Mar~8s 510.0 692.2
seep Apr-85 530,0 1351.5
Seep May-85 420,0 285.,4
Seep Nov-85 1080,0 36.4
Seep Dec-8s 625.0 1594.9
Seep Mar-86 230.,0 1291.0
Seep . ' Jun-86 380.0 62,3

SW Seep Nov-85 540.0

8,
9,
7.
7.
7.
6,
7.
6.
6.,

7
0
6
4
0
7
0
8
7

OO\ D

MISCELLANEOUS SURFACE WATER
Swale LF 02-Dec-86
Swale LF 02-pec-86
Swale SW CC 02-Dec-86
spring 02-Dec-86
6" Pipe 19-Dec-86
8" Pipe + 19-Dec-86

6-29
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7.0 AIR QUALITY SURVEY

An ambient air &lity survey was conducted in the area on and around the
landfill, The ;irvey was initially conducted on October 15, 1984 using an
HNU-Mode! P1-10] photoionizer detector (PID) with a 10.2 eV lamp. Readings
were measured at several upwind, background locations and then at 100-foot
intervals on and around the landfill with probe held approximataly three faet
above the ground surface. The air quality study was repeated twice on
June 26, 1989, The second survey was performed in the same manner as for the
October 15, 1984 survey, except that two PID meters were used, one with a
10,2 eV lamp and one with an 11.7 eV lamp, in order to enhance detectability

of certain volatile organics.

The locations of each reading have been plotted on Figure 7-1, The PID data
and associated climatological data at the time of each measurement is
summsrized on Table 7-~1, All readings indicated non-detectable or background
levels of volatile organic compounds in the breathing zone, at a level
three feet above the ground surface, With the probe held immediately above
the ground surface, no detection was noted within the 10,2 eV PID on any of <::
the surveys, However, ground surface readings with the 11.7 eV PID indicated
low level readings at the "NE Seep" and in the area southeast of the landfill
near well W-5 at levels ranging up to 2.0 ppm, (HNU units referenced to

benzene),

The sensitivity of the PID meter to volatile organics has been shown to vary
with both the compound to be detected and the lamp used, The photoionization
sensitivities, as reported by the manufacturer, for the primary volatile
organic compounds that have been detected in groundwater plume are listed on
Table 7-2, Of the 13 major plume compounds, nine have sensitivities above
4.5 ppm. This means each of these compounds will have an instrument response
of at least 45 percent of the observed reading. It should be noted that the
compounds of particular concern, vinyl chloride and benzene, exhibit a strong
instrument response of 50 and 100 percent, respectively., Four compounds sre
not listed and no firm conclusions can be drawn about their detectability;
however, their similarity to compounds that are listed luueatAR?a ltws
should be reasonably detectable,
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FIGURE 7-|

AIR QUALITY STATIONS
AIR QUALITY STATION LOCATIONS SHOPE'S LANDRILL SITE
ANALYSIS CONDUCTED AT 3'WITH HNU LORD CORP,
MODEL PT-101 PI.D, METER WITH GIRARD TWP., PA.

(0.2 4V LAMP (CONFIRMED WITH 11,7 oV) ,
ALL DATA AT BACKROUND (% 0,2 ppm) ECKENFEUI)S.% Nashville, Rnnesee

OCTOBER , 1984 (CONFIRMED JUNE ,1989) Mahwah, New Jerscy
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TABLE 71

SUMMARY OF AMBIENT AIR MONITORING

Wweather Conditlons PlD“ Response 2
in Breathing Zone™'

Relative
pate Time Temp (F)  Humidlty wind 10,2 eV 11,7 ey

15-0ct-84 01:30 PM = 62°

04:30 PM

78% NNE, 9 mph

26-)un-89 08:30 AM
10:30 AM

26-Jun=89 12:30 PM ~
02:30 PM

Notes:

1. PID meters utllized are HNU Systems, Inc, models P1-101
(10.2 eV) and H¥-101 (11,7 ev), Detection Limit Is 0.2 ppm.

2, Breathing zone refers to measurements made at a level
approximately three feet above ground surface,

3, At ground surface, positive PID detections were observed
in two areas at noted time with the 11,7 ev lamp only:
2,0 ppm - NE Seep
1,0 ppm ~ vicinity of well W-5

4, At ground surface, positive PID detection was observed in
one area at noted time with the 11,7 ev Jamp only:
1.0 ppm - NE Seep

AR301907
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TABLE 7-2

SENSITIVITY OF PID METER TO
CROUNDWATER PLUME VOLATILE ORGANIC COMPOUNDS

PHOTOIONIZATION SENSITIVITY !
10,2 ev Lamp 11,7 ev Lamp

COMPOUND

benzene 10.0 12,2
methy! ethyl ketone (MEK) 5.7 6.3
4-methyl-2-pentanol NL NL
methy!l Isobutyl ketone (MIBK) 5.7
vinyl chloride 5,0
trans-1,2-dichlororthene NL
tetrahydrofuran (THF) 6.0
tetrachloroethene NL
trichloroethene 8.9
acetone 6.3
cyclohexanone 5.1
2-butanol NL

tsopropanol 1.0

Notes:
1. Reading (ppm) when measuring 10,0 ppm of the particular
gas with the HNU Systems, Inc. Model Pf 10Y PID meter calibrated
for benzene, based on data provided by the manufacturer, OI 908

2, “NL" indicates photoionization sensitivity data not listed .
by the manufacturer,
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In summary, no volatile organics have been detected in the breathing zone at
any area on or around the site, Only low levels of volatiles have been
detected at the ground surface and only in areas previously shown to contain
volatile organics in the surficial soils, These data have been based upon the
use of the combined use of 10.2 eV and 11.7 eV PID meters which have been
shown to provide good response to the parameters of concern.
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