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Mr. Eugene A. Miller
Lord Corporation
2000 West Crtndview Boulevird
Eric, Pcnniylvania 16512

RE: Reviled Lord/Shope Remedial Investigation Report

Ditr Mr. Miller:

We ir< pleased to present Volumes I and II of the revised Phase II Remedial
Investigation Report (HI) for the Lord/Shope site located in Girard Township,
Pennsylvania. These volumes include the text and the hydrogeologic maps,
respectively. The Phase II RI report vas originally submitted on July 10,
1989 in accordance with the Proposed Work Flan for a Phase II Remedial
Invtitigation Study, dated April, 1968. This report has been revised to
incorporate the comments received in a letter from the Pennsylvania Department
of Environmental Resources (PADER) on December 6, 1969. The Appendices
contained in Volume III have not been transmitted as they were not reviled.

All of PADER's comments regarding the RI were addressed in the revised
submission. These have been incorporated 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 matter, please do not
hesitate to contact us,

Very truly yours,

ECKENFELDER INC,,

Scott D. MacMillin
,—{enior Managerŷ M̂

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 II Remedial Investigation of the
Shope's Landfill site in Clrard Township, Pennsylvania, The site wn
previously owned and operated by Melvin Shope, who disposed of various
industrial wattes that originated from two Lord Corporation plants located in
Erie and Sieger town, 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 lolvents, 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, Thii included
removal of exposed drums, construction of a composite landfill cap, the
construction of an upgradient groundwater cutoff wall and the rtgrading 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, bated upon
the assumptioni presented in Section 2.2.

Numerous tite itudies 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 thii Phase II Remedial Investigation
Report.' The Phase II field investigation included the drilling of test
borings at leven locations. Nine new, individual wells or piezometers were
installed bringing the ilte total to 92. Other activities included hydraulic
conductivity tailing on numerous wells and piezometer!, and the sampling and
analysis of soils, turface water, icdiment and numerous new snd existing
monitoring wells, The data from thii investigation have been. combined with
the lubstantial existing database, including the data from the Supplemental
(Phase I) Remedial Investigation, to provide this comprehensive ilttfl docmmt,
Finally, the resultant database has been placed into perspective as to the

ES-1 ,,
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existing and potential future impact that the site may have with respect to _
public health (presented in s sepante report). ••>••'

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

• The site is underlain by a thick series of glacial deposits, These
deposits Include at least three laterally extensive glacio-
lacuitrine deposits interbedded with Intervening glacial tills.
Minor amounti of glaciofluvlal deposits were obierved at the surface,
Bedrock was not encountered in any of the borings.

• Diicrete, laterally continuoui water-bearing tonei have been
identified that correipond to the coarie-grained lubuniti of each of
the glacio-lacustrine uniti and to adjacent coarie-grained tills.
These water-bearing zones have been termed Water Table, Intermediate
and Deep.

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

• Croundwater within the Water Table and Intermediate zonei flowi
toward the north and northwest in response to the site topography.
The Deep zone flowi toward the southwest.

• Vertical hydraulic gradient! between the Water Table Zone and the
underlying Intermediate Zone are downward beneath the landfill and
upward north of the ilte, Vertical gradienti from the Intermediate
Zone to the Deep Zone are strongly downward throughout tht lite area.

,,
• Surficial soils are found to contain volatile organic compounds

around the immediate perimeter of the landfill, These correspond to ( .]
Es-2 '• AR30I689 •<•
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J-s wet "seep" areas and to an area of possible waste spillage to the
I southeast of the site. Volatile organics in this southeastern area
I have been observed to extend to a maximum depth of 30 feet.

I * A well defined groundwater plume h a s been identified consisting
primarily of non-halogenated volatile organic compounds, but also
containing halogenatcd volatiles, The plume is restricted primarily

I to the Intermediate zone but is also found at lower concentrationi in
the water table zone. In general, the plume has migrated

I approximately 150 to 600 feet toward the north and west. An
exception is a plume extension north of the landfill that has

I migrated approximately 1400 feet from the landfill in an area shown
* !•- have u higher hydraulic conductivity.

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

• Relatively low levels of semi-volatile organics have been observed in
only a smill 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 aite.
However, no observible flow emanates from these wet areas.

• No indication of landfill derived organic compoundsftifcOtflen rt>fc*»fved
' nil *j\j I 0 «J U

in the two small streams in the vicinity of the site.' There'is some

ES-3
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I
I evidence of elevated metals in the small stream located north of the

landfill,

• Low levels of tetrahydrofuran and several metals were detected in
I 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 rosy have occurred

I along the site access road, The landfill is not considered to be a
viable source of these compounds at this location,

I
• Improvement of water quality in water table and intermediate zone

I wells located downgradient of the site provides a further Indication
* of the benefits of these remedial measures. However, these measures
I have not addressed the existing groundwater plume located further

downgradient of the site,

I

I
I

I
I

I

I
i«

I
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I 1.0 INTRODUCTION

j 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,

I Pennsylvania, 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 Siegertown, Pennsylvania, Lord has taken over
I the property and is now responsible for all aspects of the site, including

environmental remediation,

The Phase II Remedial Investigation (RI) has been conducted on behalf of Lord
I Corporation in order to supplement the exiiting data that were collected

during previous investigations, This work included two hydrogeologic
I investigations conducted in 1979-60 by Dr. Samuel Harrlson 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
V_y site drainage. Those remedial measures were voluntarily implemented during

1962-83. A consent order was entered into by Lord Corporation and the
I Pennsylvania Department of Environmental Resources (PADER) which included, in

addition to the requirements associated with the remedial action, the
( d e v e l o p m e n t and implementation of a monitoring program. Additional monitoring

wells were installed by AWARE* in 1964 in order t' expand the existing
monitoring well network. A hydrogeologic summary report was prepared in 1985

I on the basis of data collected from these newly installed monitoring wells.

I 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

I Remedial Investigation (RI). This current investigation, which has been
conducted in accordance with the RI guidance under CERCLA, has addreised theie

- 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),
| AR30I693
O ——————
I Note: *0n March 1, l')89, AWARE Incorporated became ECKENFELDER INC,

1-1
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The investigation described in this report was conducted in two phases. The —.
initial phase of work (Phase I RI) was conducted during 1966 find 1987, and was '.„,!'
reported in the Shope's Landfill Remedial Investigation Report (AWARE, 1987),
The second phase of work (Phase II RI) was conducted during 1988 and 1969,

I Thii Phase II report containi the new data collected to date and it
essentially an update of the original 1967 report, The RI report primarily
addresses the hydrogeologic characterization of the lite, However, other
media auch as site surface water and air quality have been addressed at well,
In addition, a Biota Study and a Revised Baseline Public Health Evaluation
have been conducted and are presented as separate report!.

This report is contained within three volumes. Volume I contains the Phase-II
Remedial Investigation Report. At previously stated, thii report ii an update
of the 1967 RI report, In addition, the RI report has railed extensively on
the existing Hydrogeologic Summary Report (AWARE, 19B5) and the Remedial
Effectiveness Report (AWARE, 1986b), much of which are contained within. The
hydrogeologic maps are presented in Volume II as a bound set of 2' x 3' sheets,
The Appendices are found in Volume III, _,

. ©
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I
I 2,0 SITE CHARACTERISTICS

t °I 2.1 SITE OPERATION AND DESCRIPTION

I In this section, the location, physical fgaturei, and a brief history of the
operation of the landfill are preiented.

| 2.1,1 Site Location

; The Shope'i Landfill ilte ii located in Girard Township, Erie County,
Pennsylvania (Figure 2-1). The property incompasin approximately 25.2 acrea
and is situated between U.S. Route 20 to the north and Interstate Route 90 to
the south. The property ii bounded on the eait by two residential properties
including that of Melvin Shope, an apple orchard and vineyard to the louth, an
evergreen nursery to the west, and an overgrown cornfield to the north. The

, neareit population center, Cirard Borough, ii located two miles to the
I northeast. The only nearby residences are located along Pleper Road, to the

eait and northeast- and along Route 20 to the north. The Overtake Coif Course
I 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 leu than 780 feet in the northwest corner of the property, The
landfill itielf ii manifested ai a gran covered mound, riling a maximum of
20 faet. The adjoining land slopes gently to the north and northwest,

2,1,3 Site Hiitory and Waite Componinti

The Lord/Shope site was formerly used as an industrial waste landfill. The
site was owned and operated by Melvin Shope whose wife still AJlMailw2Bb
east of the landfill, Mr, Shope, who worked for Lord Corporation in the .--'-,
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FIGURE 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 (j)
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 28,
1979.

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

The waite contained in the landfill reportedly coniists mostly of watte rubber
scrip, demolition debria, palleti, and paper. However, drummed chemical
waites coniisting primarily of ipent adheiives, waste paint, and paint iludgei
were also disposed in the landfill, These primarily contained non-halogenated
compounds including xylene, various ketones, toluene, and naphtha and only
small proportions of chlorinated compounds, Minor quantities of drummed
wastes including chlorinated paint and degreaiing solvents, non-PCB cutting ;''~'
oili, and miscellaneous acids and caustics were also deposited in the landfill,
Dispoil 1 of drummed waite was discontinued following a fire that occurred at
the landfill on June 26, 1971.

2.2 SITE REMEDIATION

A remedial action was undertaken in 1962 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 sue, The
effectiveness of this remedial action has bten evaluated and it is believed
that it hai been approximately 99 percent effective, The evaluation of
effectiveness is presented in detail in Appendix H,

The stated objective of the remedial work was to reduce the volume of new
leachate that was generated and released from the landfill. L0*<if*r» If
generated through the percolation of incident precipitation through the .-
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landfill surface snd from groundwater inflow through the landfill, The cap
was Intended to virtually eliminate the Infiltration of precipitation \.J
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 his been evaluated on the baiii of pre-
and post-construction monitoring data. Theie data indicate that approximately
67.5 percent of the leachate had been generated through the percolation of
precipitation in the landfill. This lource 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 theie improvement!
ii difficult to alien; however, it ii believed that an estimated 99 percent
reduction in leachata reduction has taken place. (Appendix H)

2.3 ENVIRONMENTAL SETTING

2.3.1 Land Uie 0

The area surrounding the Shope's landfill ii primarily rural, Figure 2-3
indicates that the area within the vicinity of the landfill ii predominantly
uaed for agricultural purposes, With the exception of a number of scattered
residential areas bordering the roads, the only other ligniflcant land uie ii
that of the golf courie located to the north and north-northeast of the ilte.

The scattered residencet within the vicinity of the site are supplied with
water from private wells and uie septic systems, The nearest residence! which
are in downgradient directions from the landfill are located at least
3,000-6,500 feet away.

Zoning regulations exist in Girard Township, The zc-Ung in the vicinity of
the lit* Ii depicted on Figure 2-4. The ilte and the adjacent land to'the
south ii presently zoned A-l (Agricultural). The adjoining land to the north
ii zoned R-3 (High Density Residential), although it ii preienenib> vacant,

fl«30!700
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6 2,3.2 Climate and Meteorology

Climatological data have been recorded at the NOAA measuring station located
at the Erie International Airport, approximately 11 miles northeast of Shope's
Landfill. The climate in this part of the state ii characterized ai
continental; however, the presence of nearby Lake Erie ia 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 normal daily minimum of 17.7°F in February. The precipitation
(Table 2-2) is 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 is from the south on an
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 thii
area, The larger of the two streams, termed "unnamed" tributary, originates
approximately 2/3 miles southeast of the site and flows around the south,
weit, 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,

p 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

JL flows only seasonally In periods of wet weather, The locations]
\^J streams are designated on Figure 2-1,

t 2-8
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TABLE 2-1
TEMPERATURE DATA SUMMARY

ERIE, PENNSYLVANIA
(1951 - 1980)

Normal Normal Normal
Month Dally Maximum Dally Minimum Monthly

(Deg, F) (Deg, F) (Deg, F)

January 30,9 18.0 24,5
Febuary 32,2 17,7 25,0
March 41,1 25.8 33,5
Apri l 53,7 36,1 44,9
May 64,6 45,4 55,0
June 74,0 55,2 64,6
July 78,2 59,9 69,1
August 77,0 59,4 68,2
September 71.0 53,1 62,0
October 60,1 43,2 51,7
November 47,1 34,3 40,7
December 35,7 24,2 30,0

Annual 55.5 39,4 47,4

Source; NOAA (1984)

o
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i TABLE 2-2

PRECIPITATION DATA SUMMARY
ERIE, PENNSYLVANIA

(1873 - 1984)

Mean Mean
Month Precipitation Snowfall

(Inches) (inches)

January 2,67 21.6
Febuary 2,39 15,3
March 2.78 10.5
A p r i l 3,11 2.5
May 3.36 0,0
June 3,47 0.0
J u l y 3,29 0,0
August 3,29 0,0
September 3,66 0,0
October 3,51 0,4
November 3,49 11.1
December 2,89 20,6

Annual 37.91 81.9

Source; NOAA (1984)
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I TABLE 2-3

WIND DATA SUMMARY
ERIE, PENNSYLVANIA

(1873 • 1984)

Prevail Ing
Month Mean Speed Direction

(mph) (through 1963)

January 13.3 wsw
Febuary 12,2 wsw
March 12,2 NNE
A p r i l 11,7 WSW
May 10,0 WSW
June 9,5 S
J u l y 9,0 S
August 8,9 S
September 9.9 s
October 11,2 SSE
November 13,0 SSW
December 13.5 SSW

Annual 11,2 S

Source; NOAA (1984)

AR30I706
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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
1962-83. Cap runoff is 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 site.
However, some of this flow also moves 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 iwalei,
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, a shallow
drainage swale was constructed 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 summer, The locations of the designated "seep" areas are
indicated on Sheet 1 of 21,

2.A 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,

-M2 ' AR30I707
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' The population of Cirard Township has steadily increased since 1930, The
projected population in 1966 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 6,306, 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 Cirard Township in 1980 was relatively young with a
median age of 27.7 years. A complete compilation of the age distribution ia
presented on Table 2-4,

The household and ethnic composition of Girard Township from 1960 to 1980 ii
presented on Table 2-5, During this period, the number of households hat
increased by 65 percent, while the number of persons per household has
decreased by 15 percent,

The total labor force of people residing in Cirard Township in 1980 was 2,104.
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 1960 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 $44,200 (Table 2-8).
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TABLE 2-4

1980 ACE DISTRIBUTION DATA
Girard Township, Penniylvania

Age

0-2

3-6

7-14

15-24

25-34

35-44

45-54

55-64

65+

Total

Median Age

Mole

103

140

352

379

365

249

212

172

167

2,139

27.4

Female

94

146

316

415

332

280

208

191

185

2,167

28.0

Total

197

286

668

794

697

529

420

363

352

4,306

27,7

Percent

4.58

6,64

15.51

18.44

16.19

12.29

9.75

8.43

8.17

100!

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

SUMMARY OF I960, 1970, and I960
POPULATION CHARACTERISTICS

Total Population

Male Population

Female Population

White Population

Black and Other Population

Median Age

Percent 18 and Under

Percent 65 and Over

Number of Households

Persons Per Household

1960

2,432

1,262

1,170

2,425

7

NA

NA

NA

646

3.76

1970

3,074

1,535

1,522

3,068

6

24.7

38.8

6.7

871

3.53

1980

4,306

2,139

2,167

4,287

. 19

27.7

17.0

B.17

1,438

2.99

Source! 1980 Census, Erie County, PA
1979 Girard-Lake City Area Background

Analysis and Comprehensive Plan

AR30I7IO
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TABLE 2-6

GIRARD TOWNSHIP
EMPLOYMENT AND LABOR FORCE STATUS

16 YEARS AND OVER
1980

Total Labor Force Male

Employed 1,152

Unemployed 97

Not in Labor Force 229

Employed Perioni by Induitry

Agriculture, Forestry, Fisheries, Mining

Conitruction

Manufacturing:
Nondurable Goods
Durable Goods

Traniportation

Communication, Other Public Utilities

Wholesale Trade

Retnil 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

91

49

228
584

77

37

61

221

66

64

19

125
129
29

22

Female

652

203

695

Source: 1980 Census of Population and Housing, Erie County, PA AR3Q17 I i
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TABLE 2-7

CIRARD TOWNSHIP
INCOME PROFILE

Per Capita Income

1979 19811 19B31 19851

6,567 7,296 7,660 8,635

Households With Income In 1979 By Income Type

Total Mean

Earnings 1,198 520,526
Wage or Salary 1,116 519,170
Non-farm Self-Employment 184 $15,311
Farm Self-Employment 67 S 5,666

Interest, Dividend, or Net Rental Income 632 $ 1,256

Social Security 323 $ 3,726

Public Assistance 111 S 1,888

All Other 473 $ 2,075

I —————————
Source; 1980 Census of Population and Housing, Erie County, PA

I ' Projected Data

I
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I
TABLE 2-8

I
X-N CIRARD TOWNSHIP

HOUSING INFORMATION
1970 and I960I «•

a 1970 I960

' Total Housing Units1 1,011 1,587

I Median Value $13,749 844,200

Median Contract Rent $ 78,00 $168,00

| Number of Vacant Units2 N/A 100

Number of Occupied Units2 N/A 1,419

(~\ ' Including vacant seasonal and migratory units
I—' 2 Year-round housing units by occupancy itatus

H!>30I7I3
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3.0 HYDROGEOLOCIC INVESTIGATION

O
3.1 METHODS AND PROCEDURES

A two phased hydrogeologic field investigation wai conducted at a part of the
Remedial Investigation, in accordance with the two Proposed Rl/FS work plant
(AWARE, 1986a, 1968a). The methods and procedures utilized during the
investigation are described below;

3.1.1 Drilling and Wall Installation

An extensive drilling and well installation program was conducted from July to
December 1986, in July 1987, and in November and December 1983 as a part of
the Remedial Investigation (RI). The objectives of the program are ai
follows:

I • To provide a background monitoring well cluster

-"""> • To define the plume extension north of the landfill
**~*

• To provide wells and piezometers to be utilized for aquifer testing

I • To provide additional detection monitoring wells immediately
downgradient of the plume

• To provide a secondary ring of monitoring wells between the plume and
groupi of residential water supply wells,

Drilling wai conducted primarily by Pennsylvania Drilling Company, Inc. of
Pittsburgh, Pennsylvania, using an Acker Model 81 truck-mounted drill rig.
One -well, (W-34) was drilled in June, 1987 by Empire Soili Inveitigationi,
Inc. of Orchard Park, New York, also with the uie of an Acker drill rig.

All drilling was completed under the continuous supervision of an experienced
geologist from ECKENFELDER INC, The geologist miintained a cwtlmioiii lag 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 simple were
stored in glass jars for later observation. Logs for wells and test borings
are preiented in Appendix A.

The following section describes the rationale for the installation of veils
and piezometers during each of the phases of drilling. The specific drilling
and well installation methods are deicribed subsequently in Section 3.1,1.3.
The locations of all of the tait borings, welli and piezometers, except the
early warning welli, are depicted on Sheet 1 of 21.

3,1.1.1 Phaia I Drilling (1986-1987)

Background Well Clusters

Well clutter, W-26 (A, B, C), was instilled at a poiition that would terve 11
background location for the water table and Intermediate zonet, ti shown on

/̂ >.
Sheet 1 of 21, This new background cluster replaced two exiiting well \__J
clusters, W-7 and K-8, that hid previously been utilized for the determination
of background water-quality conditions. The new clutter, W-26. coniiiti of
thrie single-cased monitoring welli conitructed in the water table,
Intermediate, and deep water-bearing zones, The welli have been conitructed
according to the specifications contained in Section 3,1,1,3,

Definition of Plume Extension

Additionil work wai conducted in order to define the lateral extent of
the plume in the intermediate water-bearing zone, This wit done with a leriet
of teit boringi conducted In two phases followed by the installation of two
monitoring well clusters,

Savinteen teit boringi were drilled in the area north of the landfill in an
effort to delineate the extent of the plume, Split-spoon simples were
collected continuously to a depth below the intermediate water-tearing tank,
Theie loll simples were visually cloiiified in order to identify' 'any '̂'\

3-2
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stratigraphic characteristics that could have influenced contaminant flow
toward this area, The samples were also analyzed in the field for volatile
organics with the use of an HNU Model PI-101 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 itepwlse manner dependent upon
the field determinations from the previous borings. In addition, selected
tamplei were analyzed in the laboratory to confirm the HNU results. This wai
continued until the areal extent of the plume extension was determined,

Two of these test borings were completed as small diameter (1-1/4 inch)
piezometers, These piezometers, designated PZ-11 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, W-20C, should not be contaminated, This conclusion was
supported by lithium chloride tracer testing that suggested thac 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-2QC. 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.
Theie 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
constructed as double-cased monitoring wells. The drilling and well
construction specifications are described in Section 3,1,1'.3. flfJ3f) I 7 I 7
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I Residential Early Warning Wells *~>
''Mm-'

I Monitoring wells were installed at three locations between the landfill and
groups of downgradient residences with domestic water supply wells. Theie

I wells, 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

I as an "early warning" in the extremely unlikely event that contaminants from
the landfill were to migrate as far as these residences. The wells have been

. placed in locations such that if contamination occurred, a sufficient amount
I of time would remain, on the baiii of known groundwater flow ratei, that an

alternate water supply could be lecured before the domeitic water supply welli
I would become contaminated. It should be noted that groundwater from the

vicinity of the ilte would require a lengthy period of time to reach the
I nearest downgradient domestic wells, based upon existing groundwater data for

the area near the site. Furthermore, natural attenuation mechanisms would
i probably prevent any contaminants from moving this great a distance,

. The early warning wells have been installed at the same depth as the domeitic --,.
I welli in each group of homes, For thii purpose it was necessary to determine \^J

the depth of these wells, The domestic well construction specifications were
I determined from existing recordc, where possible, However, since little dita

exist regarding these welli, a house-by-house telephone survey was conducted
j to contact most of the homeowners, In addition, discussions held with area

drillers who installed each of the wells yielded additional data regarding the
i depth and construction of the wells.

One early warning well was installed upgradient of each of three groups of
| homei at locations as shown on Figure 3-1, It was not necessary to initall

multiple depth wells (clusters) at any of the eirly warning well locationi
I 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-cated
| monitoring well, The welli were installed as per the specifications in
' Section 3,1,1,3,

! ' AR30I7I8
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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-2B, was installed in the
Intermediate Zone in an area that ii typical of atratigraphic conditioni
beneath the majority of the lite, The other well, W-33, was installed in tht
moit coarie-grained materials in the center of the plume extension. Thii area
it itratigraphically distinct from the rest of the site,

Three additional piezometers, PZ-18, PZ-19, and PZ-22, were installed in the
vicinity of well W-33. Theie piezometeri were intended for water level
determinationi during the aquifer'teit. Test boringi B-86-20 and B-86-21 war*
not completed ai piezomsteri, at had been intended, due to the iniufficient
thickness of the coine-griined deposits at their respective locations.

Well W-33 wai initilled approximately tix months prior to initiation of tht
aquifer tett. It wai discovered it the time of the teit that tht tfficitncy
of the well had declined to the point where the well wai incapable of
sustaining a sufficient yitld for the pump test, On thii bails a new well, \±J
W-34, wai instilled in July 1987, adjacent to W-33, as described in
Section 3.1.1.3.

3.1,1,2 Phase II Drilling (1988)

Definition of Plume Extension

Three additional monitoring well clusters were instilled in the Plumt
Exttniion area, located north of the landfill. One well clutter, W-37 (A,B),
wai inttalltd outtide of thi probable txtent of the plume in tht golf cou,ie
to the tatt, Thii clutter it Intended to be uied in concert with tht txiiting
Perimeter-Detection wills to monitor the leading edge of the plume. Two other
well clutters, W-36 (A,B) and W-39 (A,B), were initalled within the probable
area of tht plume in order to better define water quality conditioni along itt
perimeter.

HR30I720,
Eich monitoring well clutter consists of two wells constructed in the Witer (̂ _J
Table Zone and Intermediate Zone, respectively, The welli were conttructed
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according to the specifications contained in Section 3.1,1,3. The
Intermediate Zone well was conitructed with a double cuing.

Residential Early Warning Wells

I
An additional Early Warning well cluster, designated W-35 (A,B), wai Initallad

I between the landfill and the Pieper Road retldences. Thii clutter is intended
to provide additional protection at in "early warning" in the unlikely event

I that contaminants from the landfill were to migrate in a crou-graditnt
direction toward theie retidences, The early warning well(s) were locattd to
provide sufficient advance warning to protect the quality of exitting,

| domeitic water supply welli,

' The early warning welli were installed at the tame approximate deptha at the
domeitic wells in this group of homes based upon a survey of the residential
wells, In this way, a monitoring well couplet was installed with wells in
both the water table and Intermediate Zone, The shallow water table well was

/~^ installed as a single-cased well. The Intermediate well was installed with a
V^ double eating, The wells were constructed according to the specificationt

detcribed in Section 3,1.1.3,

Deep Zone Perimeter Detection Wells

A deep, confined water-bearing zone has been identified at a depth of
i approximately 75 to 105 feet below the ground surface, This unit it confined
' by a low hydraulic conductivity aquitard that is believed to protect this zone

from landfill-derived contamination, However, unlike the shallower
I water-bearing zones that flow toward the north und northwest, the Deep Zone

hat been shown to flow toward the southwest,

On the bails of the demonstrated direction of groundwater flow, no true
downgradient welli 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 K-6B. This well was installed as a double-cased well
is per the specifications in Section 3,1,1,3, AR30 I 72 I
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Well Abandonment

Two existing deep wells, W-l and W-3C, have previously exhibited the pretence
of landfill contaminants, These wells were screened immediately below tht
most highly concentrated portions of the plume and were believed to have
leaking annular aeals, as waa the case of deep well W-20C, Wells W-l and W-3C
were installed at the same or at an earlier time, using the iimo methodology.
The well teal methodology in uie at that time did not employ an oversized
borehole and the use of double catingi as hat most recently been employed,
Therefore, it it likely that contamination that hat been obterved in the detp
welli had reiulted from movement downward through a leaking teil under tht
influence of the strong downward hydraulic gradient,

Welli W-l and W-3C were permanently abandoned. Thii wn accomplished at W-3C
by drilling around the well eating with hollow-stem augers and pulling out the
well eating. The borehole was subsequently reamed and then sealed with
cement/bentonite grout emplaced by the tremie method.

Thii procedure was not possible with well W-l, 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 wat
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 fill the PVC riser and the annular space between
the riier and the iteel cising with grout. This should be adequate in that it
is believed that a bentonite pellet seal exists immediately below the steel
casing, and that the steel casing is sufficiently close to mechanical contact
with the formation to limit vertical movement, Details regarding each of the
well abandonment procedures are found on the boring logs (Appendix A),

AR30I722
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Background Aral

The piezometric data indicated the existence of an apparent groundwater divide
in the Intermediate water-bearing zone, located between the background wall,
W-26B, and the site, The elevation and location of thii divide it Important
in the evaluation of Well W-26B at a background well. Accordingly, a
piezometer was installed,

A piezometer, PZ-38, was installed at a location between W-26B and the site,
Thii piezometer it intended to be uied only for tht measurement of wattr Itvtl
data in the Intermediate Zone in order to demonttrate the pretence of thii
apparent divide. Thii piezometer wai installed in tht sime manner ai a
tingle-cased monitoring well.

3.1.1.3 Drilling and Well Inttallation Methodi. Pilot boringi for tht
i initallation of monitoring wells were performed using one of icveral drilling
' methods, Theie included hollow item auger and water rotary. Tht drilling

equipment wn decontiminited prior to uie on the tite, including all augert,
^j rodi, split-spoons, and other tools that may have been introduced into tht

tubiurface. The decontamination effort involved itiam cleaning with a
I portable unit.

I Single-Gated Monitoring Welli

I Each ilngle-caied monitoring well wit conitructed with t two-inch diameter,
five-foot long wire-wound, stainless iteel well screen installed on a two-inch

I diameter black steel riser (Figure 3-2), Clean, coarie und wit placed in tht
1 annular tpace iround the well tcreen and riser from the bate of tht tcreen to

at leait two feet above the icreen, A layer of bentonite pelleti, two to five
feet thick, wai placed above the sand pack, To prevent preferential migration
of surface water or groundwater through the well annului, i cemint/bentonite
grout wai placed by the "tremie" method from the top of the bentonitt pellet
ml to a point teveril feet below the exiiting ground lurfice, A lockible
protective cuing consisting of four-inch diameter steel pipi- was set in
concrete approximately three feet below grade, HfiOU I /tj

O
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Double-Cased Monitoring Wells
G> ————————————— ———
I Each double-cased monitoring well was'constructed as a two-inch diameter well

within an exterior steel eating which lervet at t double well teal, The
j double leal is intended at extra protection agalnit annular leakage

(Figure 3-3).

A ten-inch minimum diameter borehole wai drilled to a point at lent ten feet
below the top of the aquitard. A tix-inch diameter ittil cuing wit than
preiiure grouted from the bottom of the borehole, After tht initial grout
itil hid iet, a five and one-half inch diameter borehole wai continued to the
deiired completion depth, A two-inch well wai installed in the completed
borehole, The well wai conitructed with a fivt-foot long ttainltii itiel,
wire-wound well screen on a two-inch black steel riser. Clean, coarse land
wai placed in the annular space iround the well icreen ind riter from the bate
of the icreen to it lent two feet above the icreen, A layer of btntonltt
pellets, two to five feet thick, was placed above the sand pack, To prtvtnt
preferential migration of surface water or groundwiter through thi wtll

j innulut, a cement/bentonite grout wai placed by the "tremie" method from the
top of the bentonite pellet seal to the exitting ground turface. A lockablt
cap was then welded to the top of the outer iteel 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-instilled monitoring
well was fully developed upon completion by repetitive turging with oil-free
compressed air.

Test Borings for Chemical Analysis

r Test borings were utilized in order to collect soil samples for chemical
analysis. The test borings were drilled with hollow stem tugeri. Soil

i tamplei for chemical inilytit were collected at tpacified intervali with a
large diameter (3-inch) split-spoon sampler, Each toil sample wat placid in
two glut jirs, eich equipped with iluminum foil-lined lidt, One jir wai uted
for analysis in the field and then discarded, Each of the second jar iimffet

''\ ;! from each boring was stored for potential confirmatory laboratory anaiyiis,
: 3-11
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' The analyses were performed with an HNU Model PI-101 photoionization detector
I ,) (P1D) trace gas meter, equipped with a 10.2 eV limp, referenced to benzene.
] The data presented in Section 7,0 Indicate that this instrument is

sufficiently sensitive to the majority of the volatile organic parameters
.'• present in the groundwater plume,

The iimpling devices (i.e., split-spoon) used to collect soil samples for
chemical analysis were thoroughly cleaned prior to each use as detcribed in
Section 3,1,3,A. Each test boring wet preisure grouted upon iti completion
with cement/bentonite grout.

The field analyses were conducted by the head tpace method using the FID meter.
The timple was allowed to equilibrate to a itindardized temperature, typically
20°C, The lid was then removed from the sample jar, thus exposing the foil
which was then pierced by the analyzer probe to allow a trace gat mtaturemtnt
to be taken.

3,1.2 Aquifer Tttting—̂•

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

' To evaluate the water-bearing zone characteristics such at hydraulic
conductivity (k) and ttorage coefficient (s).

I • To provide eitimatei of the maximum safe yield of these ind sny
subsequent recovery wells,

Tests on each of wells W-28 and W-34 were conducted on two separate occaiions,
I For etch test, the well wai pumped with i 1/2 hortapower, four inch diameter

submersible pump which wai operited by a diesel-powered portable generator,
I The discharge from the welli wn miintained at a conttint rate which wai

determined by metiuring the amount of time that wai nectitiry to fill i known
. volume and/or with the uie of in in-line flow meter, The discharge, was
' tubsequently pumped to a 10,000 gallon capacity swimming pool, hnteo-n«*r

well W-9, where it was temporarily held for transfer to tank trucks for
disposal at "a waste-water treatment plant in Albion, Pennsylvania,

flR.301727
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Prior to the commencement of the aquifer testt, In-Situ, Inc. Model SE-1000B A
environmental data loggeri (Hermits) were installed in selected plnr.omnreri •
within the vicinity of etch of the pumping wells, These diti loggeri
monitored the water levels in the piezometers at short term intervili for a
number of dayt, In addition to the data loggeri, a continuoui recording
birometer wn alto let up on the tite in order to measure the changing
birometric praiiurt before, during, ind after the pump teit. A review of the
birometric data allowed for the determination of any corresponding changtt in
tht water levels which were a result of the chancing barometric prtiture.
Theie data were uied to determine the birometric efficiency of the aquifer
which indicitet the degree to which the witer level in the piezometer will bt
affected by change! in the barometric pretture. Theie data can be uied in
ordtr to adjuit changti in witcr leveli which art a . result of biromitric
prenuri changes at oppottd to changei impoied 11 a result of tht pump ttit.

Prior to the commencement of eich aquifer teit, a yield teit wn conducted at
each of tht welli in order to determine their reipective maximum yield, This
teit contitted of pumping tht w«ll for a limited amount of time (minimum 2-3
houri) ind meaiuring the resulting drawdown in the well, Thii teit indicated W
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 wis far below
the anticipated yield of 15 gal/min which wai estimited from the loil tamplet
collected during the drilling ind the in-iitu recovery teitt which were
conducted on the well thortly after iti completion. This is believed to be
due to clogging of the well screen by iron bacteria, An extensive effort wit
made to redevelop and treat the well in order to obtain the expected yield,
Thite efforti,. however, were not tucceitful, and further recovery testi
indicated that the hydraulic conductivity meatured at W-33 had decrened by
•pproximitely one and ona half ordert of mignitude, At a retult of thtie
findingi, it wit determined that it would be unproductive to conduct the
iquiftr tut utilizing well W-33. On thii bnii, it wai decided to inttill and
develop an additional well adjacent to W-33, designated W-34, Subttquant
yiild tests indicated the maximum yield at W-34 was approximately 10 gal/min,
This value was deemed to be reatonible with reipect to the obierved
hydrogeologic conditioni, n n r, r> , -„„

Wnou|/28 '""••••
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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 recirculatlon drum. This
recirculation system consisted of a 55-gallon drum equipped with a valvt
located approximately one half the distance from the top of the drum and t
discharge hose located approximately one quarter of the diitance from the top.
Water was pumped from W-28 with the one-half horsepower lubmenible pump at a
rate of 5 gal/min directly into the drum. The valve wai idjutted to allow for
a discharge of 0.25 gal/min. The rtmaining 4.75 gal/min of flow waa
recirculated back down the well, Thus, the effective ditchirge 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 periodically pumped to the swimming
pool with a small centrifugal pump.

During 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 charicteristics 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 intervals,

Water levels in the pumping well and selected wells and piezometers were
monitored throughout the pump test at regular intervals, These data were
subiequently used in the cilculations to determine the characteristics of the
water-bearing zone and are presented in detail in Section 3,4,1,1,

Q AR30I729
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3,1,3 Groundwater Quality Sampling

Numerous groundwater quality samples have been collected prior to and during
the course of the RI, Many of these samples have been collected as a part of
the ongoing routine groundwater monitoring program, as detcribed in
Section 3,1.3,1, However, samples have also been collected to provide
specific data for the RI, at deicribed in Stctioni 3,1.3.2 and 3,1,3,3, On
thii basis, numerous groundwater quality data are available from the
background, perimeter, and telected plume wells. The laboratory analyses
performed on all umplei collected prior to July 1988, Included a group of
volatile organlci determined by gas chromatography (CC), a group of five
metals, snd s number of indicator parameters (Table 3-1). The Indicator
parameters included a total volatile organic (TVO) and total halogenated
volatile organic scan (THVO) by CC. The particular laboratory methodology
utilized for the TVO and THVO leans 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 the
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, 19B8). The laboratory analyses and Quality
Aiturance/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 routine monitoring data, have
allowed 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, The complete field and laboratory data for
these samples, including QA/QC, are on file at Lord Corporation,.-.-

An30l/30
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TABLE 3-1
ANALYTICAL PARAMETERS

PRIOR TO 1986

O

O

Category A

Chlorinated hydrocarbons

vinyl chloride
chloroform
cirbon tetrachloride
methyl chloride
trichloroethylene
tetrachloroethylene
1,1 dichloroethylene
1,1 dichloroethane
1,7, trant-dichloroethylena
methylene chloride
1,1,1 trichloroethine

Category B

Heavy Metals

arsenic
barium
cadium
chromium
lead

Category C

Non-Chlorinated Hydrocarbons

methyl isobutyl ketone
methyl ethyl ketone
acetone
4-methyl, 2-pentanol
tetrahydrofuran
benzene
toluene
xylene

Category D

Indicators

PH
conductivity
sulfate
total dissolved solids (TDS)
chemical oxygen demand (COD)
chloride
total volatile organic scan (purge and trap GC with FID Dete
total volatile halogenated organic scan (purge and trap with EC of" Half"
Detector)
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3.1.3.1 Interim Groundwater Monitoring Program. A periodic groundwater
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 aomewhat
over the courie of the RI, However, the basic objectivei have remained the
same, 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 I - Interim Groundwater 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, In 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 welli in the program, The well locations are depicted on Sheet 1 of 21
and Figure 3-1.

Samples were collected and analyzed semi-annually using equipment that hat
been dedicated to each monitoring well in order to eliminate the potctttwti ff32
cross contamination, The specific sample collection methodology is described ' '
in the following section,
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TABLE 3-2
RI - PHASE I

REVISED INTERIM MONITORING PROGRAM
MONITORING WELL DATA

Well Number

Monitoring Wells

W-26A
W-26B
W-26C

W-7WT
W-7
W-7A
W-29
tf-30
W-31

W-20A
W-21A
W-21B
W-21C
W-22A
W-22B
W-22C
W-23A
W-23B
W-23C
W-24A
W-24B
W-24C
W-25WT
W-27A
W-27B
W-27C,
W-32A
W-32B
W-37A
W-37B

Residential Water

Barto
Carey
Frey
Gilbert
Kinear
Pustulak
Stewart

Monitoring
Well Group

Background
Background
Background

Early Warning
Early Warning
Early Warning
Early Warning
Early Warning
Early Warning

Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection

Supply Wells

Geologic
Zone

Water Table
Intermediate
Deep

Water Table
Intermediate
Deep
WT/lnt
WT/Int
WT/lnt

Water Table
water Table
Intermediate
Deep
Water Table
Intermediate
Deep
Water Table
Intermediate
Deep
Water Table
Intermediate
Deep
Water Table
Water Table
Intermediate
Deep
Water Table
Intermediate
Water Table
Intermediate

Well Depth
(ft)

25.0
56.5
128.0

13.0
48.0
107.0
35.0
39.0 •
40.0

16,0
14.5
48.5
105.5
10.5
42.0
80.0
13.5
37.0
84,0
10.0
59.0
86.0
15.0
26.0
49.0
90,0
20,0
50.0
20.0
47.0

AR30I733

3-19

page ̂ li»ed i n thi4 f*ane u n o t , .
, 4* 44 due to tubttandand colon on condition of the oniginal pajel



The Phase I analytical parameters are listed on Table 3-1. Briefly, tht
samplei were inalyzed innuilly for the Category A, Chlorinated Hydrocarbona;
Category B, Heavy Hetili; and the Category C, Non-Chlorinated Hydrocarbons.
In addition, the wells were analyzed semi-annually for the Category D,
Indicator Parameters,

Phase II - Interim Groundwater Monitoring

The Phase II groundwater monitoring objectives have been met through the
continued use of 37 wells. These include a background well clutter and nint
perimeter-detection well cluittn/locatloni located downgradient of tht lite,
In addition, five early warning wells have been monitored. Theie consist of
wells located between the site and both downgradient and cron-gridient

I residential water supply welli. Finally, teven reiidential water tupply walls
hive continued to be monitored. Table 3-3 listt the identification of tach of
the welli in the program.

Samplei have been collected and analyzed periodically following the
methodology described in Section 3.1.3.4. The samplei have been collected on
a 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
turface water limp ling itations, These locations were described on page 18 of
the December 24, 1987 letter, Re; RI report from Mark German of PADER to
Eugene A. Miller, The data collected as a part of this program have been

( e v a l u a t e d along with the data collected from the Interim Croundwater
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 tht plume.
This has been accomplished through the placement of wells that ftfp̂ ypnjĵ qte
plume's leading edge, However, additional data were also collected from wells

" ''3-20

If the page flled in thit f«ane it not ai ..
label, it 44 due to tubttandand colon on condition of tht oniginal ptigt,



o

u

TABLE 3-3

RI - PHASE II
INTERIM MONITORING PROGRAM

MONITORING WELL DATA

Well Number

Monitor ing Wells

W-26A
W-26B
W-26C

W-29
W-30
W-31
W-35A
W-35B

W-6B
W-20A
W-21A
W-21B
W-21C
W-22A
W-22B
W-22C
W-23A
W-23B
W-23C
W-24A
W-24B
W-24C
W-25WT
W-27A
W-27B
W-27C
W-32A
W-32B
W-37A
W-37B

Residential Water

Birto
Carey
Frey
Gilbert
Kinnear
Pustulak
Stewart

Monitoring
Well Group

Background
Background
Background

Early Warning
Early Warning
Early Warning
Early Warning
Early Warning

Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection
Perimeter-Detection

Supply Wells

Geologic
Zone

Water Table
Intermediate
Deep

WT/lnt
WT/lnt
WT/lnt
Water Table
Intermediate

Deep
Water Table
Water Table
Intermediate
Deep
Water Table
Intermediate
Deep
Water Table
Intermediate
Deep
Water Table
Intermediate
Deep
Water Table
Water Table
Intermediate
Deep
Water Table
Intermediate
Water Table
Intermediate

Well Depth
(ft)

25. 0
56.5
128.0

35.0
39.0
40.0
20.5
52.5

90,5
16.0
14.5
48.5
105.5
10,5
42,0
80.0
13.5
37,0
84,0
10,0
59,0
86,0
15,0
26,0
49.0
90.0
20.0
50.0
10.0
45,0
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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. Theit
include tix wells that represent the mott concentrated portion of the plume,
located immediately adjacent to the landfill margin including W-1WT, W-1A,
W-3WT, W-3, W-4WT, and W-4A. The remaining tix welli are located in the plume
exteniion to the north of the lite and include W-20B, W-34, W-36, W-36B,
W-39A, and W-39B,

The plume welli have been sampled according to the methodology deicribed 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 bttn
sampled using one of several methods, dependent upon their conitruction. Tht
wells have been constructed of five different specifications. Older existing
welli were conitructed of 3/4-inch iteel, 3/4-inch PVC, ind 1-1/2-inch
diimeter 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 methods specific to each weW D»t ilUjsDutiSjfd
below, • • •
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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 laboratory or to the particular
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 uie of a dedicated gat-lift device with the uie of comprened
nitrogen.

O
3/4-inch PVC Wells - The 3/4-inch PVC wells were purged and sampled with the
uie of a peristaltic pump with teflon tubing that it permanently dedicated to
each well. The tuction 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 1-1/2-inch and 4-inch wells that
were 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
stsinless steel bsiler,

__ 2-inch Steel Wells, Intermediate and Deep - The 2-inch stee
(^ J 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 V,J
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 umples, including the tubing within the
peristaltic pump, that is not dedicated to each well was waihtd by the
following method:

1 Wain in tip water and laboratory detergent with a bruih to remove
depotitt of soil or sediment

• Rinse with tap water

• Rinse with high purity water from a Teflon8 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 dati,
were collected as a part of the RI, The surface water investigation wai
conducted through the following tasks,

3.1.4.1 Stream Flow Data, The total stream flow was determined at each
of tix itations as depicted on Figure 3-4, It was intended to make theie
measurements on a quarterly basis for one year in order to provide some
chsracterization of seasonal stream flow variation. However, the mandated
schedule required the compression of these measurements into a. Ruph. s.hcyter
time period. The stream flow stations correspond to those used florluff ace
water quality stations, SW-1 through SW-6,
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A STREAM SAMPLING LOCATIONS
(WATER a SEDIMENT)

LOCATIONSR30173
'S LANDFILL SITESOURCE;

PA. 7,A'USES'QUADRANGLE I fD
2000 MAP LOCATION

SHOPE
LORD CORP.

GIRARD TWP..PA.
ECKENFELDER Naihviiic.

INC, Mahwnh,Nr*Je«y
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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 \ny
current meter, such as a Price A-A, was used following United Statet
Geological Survey methodology described in "Discharge Measurements at Gaging
Stations" (USGS, 1973), Stream flow was also determined using the triangular
weir method in cates where the itream flow wai obterved to be too imall to uie
the current meter,

Current Meter Method

A current meter was uied for the determination of itream flow if flow ratts
were sufficiently large. In such caies, flow rates were meaiured uting a
Price A-A current meter equipped with a top let wading rod, The methodology
described in USGS (1973) "Discharge Measurements of Gauging Stations" wai
followed, Briefly, this methodology involved a series of velocity and depth
measurements at closely spaced intervals along a line oriented perpendicular
to the stream,

''O'",
Triangular Weir Method ('.':•!p— —— -*• ———— — • ———— —— — — •• X̂ .-

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 triangular 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 66° V-notch weir was determined by the following
formula;

AR30I7I»0'Q
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I Q - 8/15 C(2g)l/2H5/2 tan 1/26

0

I
where; Q « flow rate (ft-Vttc)

C • coefficient of discharge • 0.60
H > ttatlc head (ft)
8 • Weir angle

• The weir wn removed upon completion of the ttit,

3.1.4.2 Surface Wattr and Sediment Quality. Surface water and bottom
aediment simples were collected from lix locitioni in the two imill ttreams in
the vicinity of the ilte n shown on Figure 3-4, One idditionil tample wai
alto collected from i leventh itation located juit upitream from SW-6.
Furthermore, water simples were ilio collected from tight additional locitioni.
The tix initiil simp ling stations were sampled four times in the Phase II RI
to provide sufficient data in order to itatlitically evaluate the itream
simples with regird to background, Sample itationt SW-1 and SW-2 were
utilized at background, Eich of theie samples wai subjected to the full TCL
lilt of pirimeters. The dita for the surface witer simples ire preiented in
Appendix F and in tablet in Section 6.0, The complete field and laboratory
data for theie samples will be submitted under separate cover by Lord
Corporition,

Water simples were collected near the mid-stream point where the ttream it
well mixed unless certiin conditions dictated otherwise, Ideally, the
•elected sampling itation would not be highly turbulent so at to minimize the
Ion of volitilei, The simples hive been collected directly into the umple
container wherever possible, In the event that a lepirate umple collection
venel wai required, cirt wn exerciied to minimize my umple disturbance,
The simple vtssel or any other equipment that wit in contact with the simple
wit thoroughly cleaned between etch uie,

Sediment simples were collected n grabs, at the same prespecified simple
stations n miny of the witer simples, In all cases, each sediment sample wit
collected after the corresponding water sample in order to avMtt fiitruntftnte
of the witer, The sediment sample wis collected either directly into the
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simple container or with the use of a sample corer, dependent upon the
•cceiiibllity of the sample, (..,,1

3,1.5 Statistical Anilytii of Dita

Statiitical inalyiit wn uied to determine if the concentrationi in various
groundwater and turface iimples were significsntly higher than in the
background simples, Thii wai employed only for metali data, The analyiit
followed the methodology in the Federal Regiittr (1988) and EFA guidance for
ttatlstical analyils of groundwater monitoring data (USEPA, 1969), An
exctption to thii it that intttad of analyzing data from all welli together
uiing analysis of variance (ANOVA), individual welli were compared to
bickground wells using itandird itatiitical cettt: the Student't t tests and
tht Mann-Whitney teit (Davit, 1986, Hosteller and Rourka, 1973), Measurtmentt
below the minimum detection limit were handled, at tuggetted by tht EPA
(USEPA, 1989), by uiing one-hilf the detection limit or by uiing a test of
proportions, Theie itatiitical ttitt are dei:ribed btlow,

Tht manured concentritioni art aitumid ,to be random iimples of an infinite r-?.
tit of ponible concentritioni. The let of ponible meiturementt ii deicribed
by i "distribution" function which givti the probability of obttrving a
particular range of concentrations as a function of concentration, In
reality, the true distribution function for the concentration in a well is
unknown and must be assumed or estimited from the dita.

The most commonly assumed distribution function it the normtl distribution
which can be characterized by two parameter!, the mean, or central value, and
tht itindard dtviation, which ii a mtature of the width, or ipread, of the
dittribution. There is a 681 probability that a meatured value will be within
ont standard deviation of the mean and a 961 probability that it will be
within two standard deviations of the mean, Tht "population" or "true" mean
and itindard deviation can be eitimattd from the data by calculating the
simple mean and ttindird deviation;
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, »"M,"
• (I<xt -

where K is the sample mean,
n is the number of iimples,
Xj is the value of the ith sample,

and s is the sample atandard deviation,

Concentration data frequently cannot be adequately described by a normal
distribution, This is especially true if the standard deviation it largtr
than the mean and, therefore, a significant fraction of tht normal
distribution is below zero, A better distribution to uie in theie caitt it
the lognormal which assumes that the logarithmi of the measured values are
normally distributed, The lognormil distribution includei only potitivt
concentrations, For lognormally distributed data the mean concentration can
be estimated by the geometric mean;

n 1/2 n
VC " In xj ] • exp (£ln(Xi)/n) • exp (UL)

i-1 i-1

where UG is the geometric mean,
and UL is 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 (Davit, 1986), Ths statliticil
measure ii the number of standard errors between the means;

I 1/2
I . B-n- (m - 1) si? + (119 - 1) i?2 i ̂  i

D nj + nj - 2 % HZ

L AR30I7W
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I where t is the test statistic, .—>.
n], nj are the number of samples in sets 1 and 2, respectively, • .-'

I xj, 83 ore tne mean v'lues of sets 1 and 2, respectively,
sj, s2 are the standard deviations of sets 1 and 2, respectively,

and SQ is the standard error of the pooled samples.

. The standard error is an estimate of the standard deviation of the mean and ii
| related to how closely the sample mean can be expected to approximate the true

mean. A large value of c means that there ii little probability that the
• measured values come from the tame dittribution, or, in other wordt, that

there it a high probability that the mem valuei ire different. The meaning
I of "large" can be quantified uiing the Student1! t diitribution which depend!

on the total number of umplei and takea into account the fact that tht
i titlmitei of the meine ind itandard deviitioni will be poor for small numbers

of simples. Comparison of the value of t with the Student's t diitribution
for the totil number of simples allows calculation of the probability that i

I 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, \i»/

The t-test assumes that the data are normally distributed (or log normally
distributed if the test is applied to log-transformed data,) This can lead to

• errors if the data are poorly approximated by a normal distribution. Errors
I can also arise if the data are mostly normil, but there are a few outliers;

extreme values which are very improbable for the assumed distribution. These
I 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
I comparing two sets of data is the Mann-Whitney test (Hosteller and Rourke,

1973) which is based on sorting the data and ranking it, If most of the data
I 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 same rank if it is
one unit higher than the next largest value or 10,000 wiAn <3n']h«7 IPf/i
parametric Minn-Whitney and parametric Student's t tests are complementary, \^/
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The Minn-Whitney is more "robust" in not being dependent on the distribution;
the t-test is more powerful when the data are, In fact, normally distributed,
Both tests were used to analyze the metals data, but the Mann-Whitney teit wit
given more weight in interpreting the results,

Statistical tests can be one-tailed or two-tilled, A two-tailed test looks
for any difference, positive or negitive, between the meant of the teti, A
one-tailed teit looks for differences in one direction only. For the witer
quility dita the comparisons were one-tailed and only cases where the
concantration was higher in the downgradient welli than in the background
welli were coniidered significant.

One queition that muit be settled before a itatiitical analyili it performed
it the level of significince 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" retultt
(missing a real difference), For this study, two significance levels were
uied; 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 leen
could have occurred by chance if the means were really the aame. It it not
appropriate to set a less stringent significance level, say ten percent, tlnce
false positives could become a serious problem, In fact, with data from tome
seventy wells and a five percent significance 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 tome of the welli
and the overall pattern should be interpretable.

Many of the measurements were reported as below a "detection limit,"
Non-detects are not a aerious problem for nonparametric tests since they end

I 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,, mt̂ Lea.st,,'
values above the detection limit in the set, In general, the1
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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 \.,J
non-detects to a constant had to be used. The constant selected wai one-half
of the detection limit as auggetted in the EPA guidance (USEPA, 1989).

The results of both the t-tett and the Mann-Whitney teit become luipect when
the number of non-detects make up more than about half the total number of
iimples, In this cise a nonparametric test of proportions becomet more
appropriate (USEI'A, 1989). Thii teit contidert only the proportions of
detected values in each let, The teit calculates the number of standard
errors between the proportioni in the teit and background aett;

sD
1/2

where z it the test statistic
Sp is the standard error of the difference in proportions
Pu - mu/nu it the proportion of detections in the background set
mu is the number of detections in the background set
nu is the total number of samples in the background set
Pd * HM/rid is the proportion of detections In the test set
n\d is the number of detections in the test set
rid is the total number of samples in the test set
P * m/n is the proportion of detections in the combined sets
m • mu + md is the number of detections in the combined sets

and n • nu + nd is the totil number of iimples 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 non-detected v.lues in the
combined set,

The results of the statistical evaluation are presented in Scions 5.0, 6,0,
and Appendix G.
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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 precipitation due to cosmic ray interactions in the upper
atmosphere and other factors. However, with the advent of atmoaphtric testing
of nuclear weapons in the early 1950s, levels of tritium in precipitation rote
dramatically (Freeze and Cherry, 1979). By 1963, levels of tritium in
precipitation over North America had riten to levels approaching 10,000
tritium units. (A tritium unit ii equivalent to 3,2 picocuriei per liter,)
Tritium levels in prtcipitition prior to atmoipheric tailing of nucleir
weapont are estimated to be in the range of 5-10 tritium units. With the
signing of the nucleir teit ban treaty, levels of itmoipheric tritium have
declined aubitantially. 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 is 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 tame methodology as previouily
deicribed. 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, n leniitivity of 0,1 tritium units has been possible,
Aituming that pre-1950 tritium levels were approximately 10 tritium units,
relic tritium in groundwater which resulted from precipitation as long ago as
roughly 1930 can be detected, Croundwater which recharged prior to 1930 would

j be expected to exhibit non-detectable levels of tritium at this time. Thus,
uiing this dating technique, the vertical velocity of groundwater flow (and
thus potential contaminant migration) through the lower glacial till aquitardo can be estimated, It is anticipated that these .data wouldfilR3£eJd/ hi(
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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 k,J
in Section 3.5,1,4,

3,1,7 Other Hydrogtologic Data

Miscellaneous hydrogeologic data have been collected in order to supplement
the existing data and, in particular, to aid in the further calibration of a
computer-based groundwater model, The mitcellaneoua data are described in tht
following lections.

3.1.7.1 Water Level Meaiurementt. Water level measurements wart
determined for all new and existing wells and the stream gaugei. Theie
measurements were referenced to a datum established by a licensed surveyor.

3.1.7,2 Survey, The locations and elevations of all new monitoring welli
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 0,01 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 all 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 (1977) 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 aquitard 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 si lowed, However, the great density of the lower tilli
required the use of a continuous auger simple to collect the tube samples.
These samples were subjected to testing for hydraulic conductivity, mechinicil
ileving, hydrometer, Atterberg limits, and moisture content,
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3,2 PREVIOUS INVESTIGATIONS
'O

A tignificant amount of hydrogeologic work was conducted prior to the
aforementioned Remedial Investigation at the Lord/Shope site. Theie viriout
phaaet of field investigition are listed at follows;

Monitoring Well Installation Urban Engineering 1980
Monitoring Well Installation Dr. S. S. Harrison 1980
Monitoring Well Installation Wehran Engineering 1981
Surficial Soil Boringa Wehran Engineering 1983
Surficial Soil Borings ECKENFELDER INC. 1984-85
Deep Soil Borings ECKENFELDER INC, 1984-85
Monitoring Well Installation ECKENFELDER INC. 1984

j Water Quality Monitoring Lord Corporation Ongoing

The field work conducted by other consultants prior to ECKENFELDER INC.'t
involvement it described in a number of documents as listed in the References.
However, available logs for each of the associated welli and boringi art

i J presented, herein, in Appendix A. The details of the field work conducted by
ECKENFELDER INC. since 1984 are described in the following Sections.

3.2.1 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 toll
sample locutions indicated lignificantly higher levelt of volatile organic

j constituents, These diti Indicated that the potential exiited for the
pretence of subsurface levels of volatile constituents at these particular

i locations, On thii basis, it was recommended that a ttudy of the deep toils
' at theie locationi be conducted,

i Soil simples were collected from four deep toil borings, Theie toil boringi
were drilled southeast of the landfill at the locations identified by the
previously described surficial soil study, Logs for each of tb̂ r̂ r-jrjgr,
found in Appendix A,
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The test borings were drilled with the use of hollow item lugers. Soil ^.
simples for chemical inalyiis were collected continuously it two-foot '~<il
intervals with a large diameter (3-inch) split-spoon sampler. The soil sample
wai carefully trimmed to remove any surfaces that may have been in contact
with sediment or fluids within the borehole. Each toll sample wai placed in
two one-pint glass jars, each equipped with aluminum foil-lined lldt. One jar
wai used for analysis in the field and then was ditcarded, Each of the aecond
jar samples, from each boring, was sealed for potential laboratory analysis on
the basis of the field determinations. The field analyses were conducted
uiing the PID meter following the method deicribed in Section 3.1.1.3.

The sampling devices (i.e., split-spoon) used to collect toil samples 'for
chemical analysis were thoroughly cleaned prior to each use, The umpler waa
tcrubbed 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
ctment/bentonite grout, The grout was prepared using a ratio of one bag
(94 Ibs.) of Portland cement and 1/10 bag (9 Ibs) of bentonite mixed with (̂jj
seven gallons of water.

3.2.2 Surficiil 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
within surficial soils, This study serves is 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 study 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
were located at 100 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 Ŝ f̂ eK „_

n 11 0 U i / D U O
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Soil samples were collected from the lower 0.5 feet of the borings. Each toil
sample was placed in two separate glass jars. The field analyses were
conducted with the FID 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 ireil extant and
deniity of the field investigation,

On the basis of the PID meter data, 22 iimples 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 Inveitigition

A comprehentive hydrogeologic investigation was conducted during November and
December 1964, The investigation focused primarily on the instillation of
new monitoring wells is 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 installed at the Shope's site, Fifteen of
these were installed as triplets at five separate locations, These wells are
designated W-20 through W-24 with A, B, and C suffixes corresponding,
respectively, to shallow, intermediate and deep wells, Two wells, W-1WT and
W-25WT, were installed as replacement and new shallow wells, respectively,
The remaining three wells, W-3C, W-7A, and W-12D, were all installed is deep
wells immediitely adjacent 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 augeri 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 She 1 by tube samples were collected
from three selected borings, These samples were used forARiSsQqLtJnS I
laboratory analysis. 3.37
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Monitoring wells were constructed in each boring. These welli were
constructed of two inch "black" ateel pipe with welded couplings. Each well ( |l
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 aandpack. 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 aa 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 i pirt of this
investigation. The methodology for sample collection was similar to that
described in Section 3,1,3, One exception is that most metali samples
collected prior to September 1966 were not field filtered as they are
currently, In addition, most iimples collected 11 part of thii investigation
were analyzed only for the volatile organici lilted is the Category A and C
Parameters on Table 3-1 in addition to a scan for total volatile organics
(TVO) and total halogenated volatile orginici (THVO).

3.3 GEOLOGIC CONDITIONS

In this section, the characteristics and extent of the geologic materiili
encountered within the area under consideration are described, In order to
put the titt into perspective within the larger geologic framework of the
region and to deicribe tht geologic hiitory tint led to the formation of tach
of the itratum, a brief diicustion of the region.il geology ii preiented, Thii
ditcuiiion of the rtgionil geology ii based on the nubliihed geologic data for
the area, as well as tht resulti of our field investigation. The geology of
the actual tite it then deicribed in detail based upon our interpretation of
tht existing dita.

3.3.1 Regional Geologic Sitting

The Shope'i tite ii lituited on the edge of the Like l lain subprovince of the
Centri) Lowland phyiiographic • province, The . site ii under laflr/jjyj { ̂ kgtgk

©
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lequence of glacially deposited materials that is, in turn, underlain by
.—^ ihalet of Upper Devonian age, The region ii geologically bounded to the south

by the eicirpment of the glaciated section of the Appilichiin Pliteaui
Province and to the north by Like Erie,

The bedrock consists of ihale of the lower Conneaut Croup which ii locilly
termed the Cirird Shilt (Tomikeo and Sheepi, 1967), Theie thalti wtrt
depoiited during the Upper Devonian and aerve ai a trantitional zone from tint
griined ihilei of the underlying Cinidiwiy Formition to coirie-griined ihilet
and unditonti of the overlying upper Conneiut group. The Girard Shale ia
locally expoied only in deeply eroded bedi of major streams in the area,

The bedrock it overlain by a thick itqutnce of glacial material, Thett
miterialt irt reported by Sheppi, et al (1959) to exist at a thicknen of 40
to 80 ftet, but locally have been ihown to be tignlficantly thicker, Then
glacial materlali were depoiittd by a number of tht liven iiparate advancti of

i the continentil ice iheet thit blanketed the area during the Pleistocene Epoch.
The glacial depoiiti that directly overlie the bedrock were depoiited by tht
tarly glaclil idvancei with the upper material being depoiited by luccenively

^J more recent gliciition.
]

Gliciil till was deposited by the glacial ice which repeatedly advanced over
• the region. The materlali in the glacial till hid been picked up both locilly
I in northeastern Pennsylvania and from other locationi to the northettt. Other

related glacial materiali were depoiited by meltwater flowing adjacent to or
through the ice or emanating from the front of tht ice iheet. Lncuitrine
dtpoiiti were laid down during interglacial eventi when like wateri filled
whit is now the Lake Erie baiin. Figure 3-5 provides a perspective at to the
overall sequence of the gliciil idvancei and aisociited glacial depoiition
thit took plice during the Pleiitocene Epoch.

Each successive gliciil idvince extended i letter dittince into northwestern
Penntylvtnii. The lut three advincei—the Lavery, Hiram and Aihtibuli—
extended only a few milei beyond the present Like Erie ihoreline. A teriii of
clotely spiced ridgei parallel to the like shore correspond to the end/efitiCM

' • f i W S l l I l w W
of these three glacial advancei, These ridges, which are termed eW moraines,
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coniist of glacial till that was triniported by and depoiited at the leading
edge of the ice that corresponds to each of the advancei,

The Aihtabuli advance had four minor lubadvances and associated retreats, At
a rttult, the Aihtabuli moraine can he tubdivided into four additional
morainti termed (from oldest to youngeit) Euclid, Paineiville, Athtabula and
Girard, Thii teriei of moraine ridges wia termed the "Like Eicarpment Moraine
Syitem" by Leverett (1902). The Girird moraine wai depoiited ai recently ai
12,950 years before preient (Fullerton, 1980).

A glacial meltwater lake filled the preient day Erie batin contemporaneoui
with the Aihtabula idvancei, Thii lake, termed Maumee III, wai dimmed by the
Aihtabula ice and drained weitw'ard to an outlet at Fort Wr.yni, Indiana,
Maumee III hid a lurface elevation of approximately 760 feet bated upon the
elivition of exitting beach ttrand linei and ridges associated with this
glacial lakt (Schooler, 1974), Ai the Aihtibula ice temporarily receded, tht
wattri of Maumee III inundited the area between the ice front and the
previouily deposited moraine into which lacustrine depoiiti were then laid
down. Thtit lacustrine depoiiti were overrun by subsequent ice idvancti with
the depotition of additional glacial till, In thii minner, i teriet of
gliciil tills corretponding to each of the Aahtabula end morainei wn
depoiited in the area, each of which wai tepirated by continuoui dtpoiiti of
gliciolacuitrine material laid down during the inundation by glacial Lake
Miumee III,

The vicinity of the Shope's site ii depicted on Figure 3-6, Thii figurt
depicti the surficial gliciil depoiiti at they have been mapped by Schooler
(1974). Of primary intertat are the Aihtabula and Girard end morainei and a
beach ridge formed along the shoreline of the last inundation of Lake
Miumee III.

3.3.2 Sitt Specific Geologic Conditioni

A conctptuil geologic model for the Lord/Shope ilte and vicinity hat been
pretented in the previous section, This model is based ufljjJ Jfie! DrjjJj
regional setting is well 11 upon an interpretation of data generated by thii
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investigation and by previoui studies, With i databaie consisting of more
,i-x than 6$ teit boringi ind more thin 90 individual welli ind pidtomtiteri, a

conilderable degree of confidence in the conceptual model it possible,

Detailed detcriptions of the miterials encountered on ilta are preiented on
the boring logi in Appendix A. The toil deicriptioni preiented are baaed on
visual examination, the results of laboratory grain lire analytii, ind index
letting, The deicriptioni ire in iccordince with a modificition of the toil
cliaiificitlon system tuggeited by D, M. Burmliter (1958), The retultt of tht
laboratory tttti are preiented in Appendix E,

A summary of the character ind thicknen of the geologic unltt it the titt ii
preiented in the Geologic Column (Figure 3-7), The geologic itrata art
graphically depicted on the geologic cron iictloni on Sheett 3, 4, and S
of 21, The orientation of theie crott itctiont it depicted on Sheet 2 of 21.

! In thii discussion of site specific geologic conditioni, the unltt will bt
deicribed in reverie itritigriphic tequence, that it, in the order in which

_ they were encountered from the lind surface, in generil, theie uniti coniiit
\-J of a lequence of interbedded gliciil tills and glaciolacuitrine depoiiti with

minor turficiil occurrencei of glaciofluvial depoiiti. Eich of the uniti hit
been shown to be laterally extentive throughout the tite, Bedrock hat not
been encountered in any of the boringi thit have been drilled to date at tht
Shope'i tite,

3.3.2.1 Claciofluviil Dtposits. Glaciofluvial depoiiti are found 11 a
veneer of aedimenti only on the topogriphicilly higher araai of the southern
portion of the ilte. Theie depoiiti range in thickness up to 7 feet, Thii
unit ii composed predominantly of stratified und with minor amounti of lilt,
The gliciofluvial depoiiti represent the reworking of the glacial till by

' glacial.meltwattr along the margin of the retreating glacial ice,

3.3,2.2 Aihtabula Till. The Aihtabula Till his been encountered in ill
of the iren of the ilte that have been investigated, In ill, rfpin (vpirttei
tubuniti of the Aihtabula Till have been obterved, These subunits correspond
to 'the Pi'ihesville, Aihtsbula, and Girard subadvances, and possibly to an
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older subadvance (Euclid) of the Aihtabuli ice iheet 11 indicated on
Figure 3-5, Each subunit ii deicribed 11 follows!

Cirard Subunlt

The uppermost lubunit of the Athtibula Till corresponds to tht lilt
reidvince of the Aihtabula ice theet that occurred lubiequent to the
inundation by Lake Miumee III, This till formi the Cirard Moraine which
la tha northarnmoit ridgi in tht Lake Moraint Syitim, Thii till hai bain
obitrvtd at thickniitti ringing from 3 to 32 fatt,

The Cirard has been obterved to be the coaneit tubunit of the Aihtibuli
Till. It can be deicribed typically ai "SAND, lomi to and Gravel, little
to some Silt & Clay," Some fine graintd aubuniti have alto bean obiervtd
dticribed it "SILT, little to ind f Sand, tract to little f Gravel." Tht
predominantly coarie-grained nature of thii till probably ripritenti tht
scouring and lubiequant redepotition of the glacial lake beach dipotiti,

Ashtabula Subunlt

The Aihtabuli lubunit wn encountered in all of the borings in the study
area, ranging in thickness from 3 to 42 feet, Thii lubunit ii
predominately fine griintd, coniiiting of "Clayey SILT, little to and
SAND, trace to little Gravel," Coarser grained depoiiti within thii till
lubunit were obierved in a number of boringi, particularly in louthern
portions of the itudy irea in the vicinity of the diipoul irea, Thtit
coarter grained depoiiti probably repreient the reworking of lacuitrine
beach depoiiti ind consist typically of "SAND, little to lome Silt,
little to ind Gravel,"

Palneivllle Subunit

Tht Paintiville lubunit of tht Aihtabula Till wai found to be
substantially more fine-grained than the overlying tills with a thicknen
ringing from 14 to 51 feet. Thii till, which was encoumervijrf All tot
the deep borings, consists typically of "Clayey SILT, little to and Sand,
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trace Gravel." However, occasional coirie-grained zones contiiting of
"SAND, tome Silt and Clay, little to tome Gravel" occur diicontinuoutly \J
within thii lubunit,

Euclid Subunlt

Tha upper turface of the Euclid lubunit wn encountered in only three of
the deepest boringi, W-20, W-21 and W-27, However, the Euclid lubunit ii
btlieved to continuously underlie the entire itudy area. Tht Euclid wai
obierved to coniiit typically of SILT & CLAY, tract to little Sand, trace
Gravel. The permeability of thii tubunit it preiumed to be low.

3.3.2.3 Hiumit III Lacuitrint Dipotlti. Licustrine dipoiiti
corrtiponding to Like Miumie III have bten obierved at interbedded iiquencti
bttwttn tich of tht lubuniti of the Aihtibula Till. The Miumee III hn batn
lubdividtd, for the purpoie of this report, into thrte lubuniti baitd upon
their poiition relative to the till lubuniti. Theie lacuitrine lubunits hive
been deaignated Maumee III A, III B, and III C. Definition of tht varioua
Miumee in tubuniti hat bten an important focui of thii invtitigation in that (\)
they lerve at a controlling factor in the migration of groundwater at the
ilte.

The Miumee III uniti hive been obierved to be laterally extensive acrost the
itudy irei, However, tht diitribution of fine ind coarie zonei it tomiwhit
discontinuous. This is particularly true in the upper III C lubunit, which
hai made thii subunit difficult to characterize.

Ill C Subunit

The Miumee III C wai expoied it the ground turfice ind/or wai encounttrtd
at shallow depth in nearly all of tht boringi. When encountered, this
subunit ranges in thicknen from 3 to 33 feet. The III C it
prtdominintly coarie-gralned and it probably -representstve of lake
ahore, beach deposition.

The Miumee III C coniiitt typically of "SAND, trice to inirilrU' <r»c9Uo iO.
'. and Gravel," frequently interbedded with laminations ->l Silt i City, \
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However, discontinuous fine grained zones of the HI C were ilio
encountered in a number of borings. These deposits consist of "laminated
SILT & CLAY, no to and SAND."

It ii impor i.fit to note that although the Maumee III C ii continuous
throughout the tite, it hit been difficult to characterize the retptctivt
fine and coarie-grained zonet due to their aignificantly diicontinuoui
nature. The thicker, coarse-grained "zones" will have a tignificantly
greater tranimiisivity when compared to the overall traniminlvity vrlue
for the sediment. Theie "zones" therefore will play a lignificant role
with regard to potential contaminant traniport and the overall
characteristics of the Hater Table Zone.

The coarse-grained portion of the III C has provided a major focus in
this investigation as it plays the most significint role in the character
of the Water Table Zone, The thickneit of the III C Sand ii believed to
range around 10 feet on the north-central and northwest sides of the site,
However, the III C Sand is observed to be significantly thicker in the
area due north of the lite, in the vicinity of well W-34, is depicted on
Sheet 6 of 21. In this area the III C Sand attaini a thicknen of 32
feet. North of this area, in the area of borings 4, 5 and 10, the III C
thins to less than 10 feet.

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

The Ashtabuli Till underlying the thickest portions of the III C, in the
area north of the site iround well W-34 and Boring B-86-2, appears to
become thinner, The result is that the III C may be in partial hydraulic
communication with the underlying III B aubunit, Thii will be deicribed
in more detail in later sections,

O
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Ill B Subunit

The 111 B subunit was encountered at intermediate depths beneath tht
study area at a thickness ringing between 2 and 26 feet. Thii subunit
consists alternately of relatively coarse zones and fine zones, The
coarse zones can be typically described as "stratified fine SAND, tract
to tome Silt, trace to and Gravel", occasionally interbedded with
laminations of Silt & Clay. The finer-grained zones typically consiit of
"laminated SILT, trace to some Sand,"

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

III A Subunit

/7>.
The III 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 it
more fine-grained than the overlying lacustrine deposits, and is probably
representative of slightly off-shore depositions! environment, However,
coarser-grained zones were occasionally encountered in each of the
borings in which the deepest wells were screened, The fine-grained zonea
consist of "laminated CLAY 4 SILT, no to little Sand, no to trace Gravel,"
The coarse zones consist of "stratified fine SAND, no to some Silt,"

The upper surface of the coarse portion of the III A lubunit is depicted
with the use of a structural contour map on Sheet 9 of 21. It has bttn
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 Testing AR30I762

Q)
A number of methods were employed for the determination of hydraulic
conductivity, These methods are described in the following sections,
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I ' 3,4.1.1 Aquifer Test Analyses, Aquifer teiting wai conducted lepiritely
on each of welli W-28 and W-34 in 19B7, ai deicribed previously in
Section 3.1.2. Aquifer teiting data yields the most accurate estimate of
water-bearing zone characteristics, This is because well lota errors are
eliminated and because the test is better able to assess larger acale
conditions within the water-bearing zone, The analysis of the collected data
and 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-l. An inverse relationship between manured 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 wai -
applied to the data,

iJ 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 evaluation, The plot types and

I the analytical methods to which each plot applies are summarized below:

Data_________Plot Scajeji_________Analytical Method_______

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

i distance-drawdown semi-log Jacob straight line method

Theis Non-equilibrium Well Formula

AR301763
/ J In 1935, C, V. Theis developed a non-equilibrium well formula which takes into

account the effect of pumping time on drawdown (Fetter, 1980), This
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I analytical technique uses a curve matching process particularly well tuited to ._
early-time data, Good estimates of aquifer hydraulic conductivity and storage \Ji>

1 coefficient can be made without first attaining steady-state conditions, Tht
Theis formula is based on the following assumptions:

1 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,
i during the test.

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

• The water removed from itorage ii diicharged instantaneously with l̂ v)
lowering of the head.

Although the hydrogeologic environments encountered at the Lord/Shope aite do
not meet all these assumptions, the observed conditions ind resulting data art
considered sufficiently favorable to the tuccessful application of thii
method,

The curve matching technique for a fully confined artesian system requires
that a "type" curve be constructed by plotting 1/u versus the well function of
u, W(u) where;

' u • 2693 r2 S and Eq 3.1

I Tt

W(u) . • -0.5772-loge u+u - _u2_ + _u3_ + _UA_ ., .Eq 3.2

I 2,21 3,3, 4.4; AR30I76I,
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where;
Q • pumping rite, in gpm
i • drawdown, in feet
T • coefficient of triniminivity of the water-bearing zone, in gpd par

ft
r • diitance from the center of the pumped well to the point where

drawdown it measured in feet
S • coefficient of itorage, dimeniionlen
t • time ilnce pumping started, in minutea

The"curve matching technique! for unconfinad, water ttblt conditioni requirt
the plotting of 1/u,, l/u(j venui the well function w (u,, uj,, B) where:

etrl>' driwdown data) Eq, 3,3

dr*viiown lillt*' E1' I'1*

E., 3.5

and W(Ut, Uj,, B) it the well function dlicuiied previously

where;

Q • pumping rate, in ft^/day
s • drawdown, in feet
T • coefficient of tranimiisivity of the water-bearing zone in gpd/ft
r • distinct from the center of the pumped will to tht point where the

drawdown ii meaiured, in feet
S • c.afficiant of itorage, dimeniionltii
t • time ilnce pumping started in diyi
Kv vertical hydraulic conductivity
Kn • horizontal hydraulic conductivity
b • initiil saturated thicknen

AR30I765
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The Theis Type curve (confined conditioni) ind the water table Type curvei aro
preiented in Appendix C-4, Log-log plots of drawdown versus time for selected
monitoring wells have also been prepared for each of the aquifer teiti (W-28
and W-34).

It waa decided to uie the confined, Theis type curve for the W-26 analysis and
the water table type curvei for the W-34 analyiii band upon the conditioni
found in the field, the shape of the reiulting log-log ploti ind the quality
of the "fit" which wn obtiined between the plots and the type curves. Type
curves for aemi-confined, leaky arteiiin systems wtrt tvaluated but not
selectid dut to their poor fit. The reiulting values obtained for tht
coefficient of atorativity ind specific yield fall within the txptcttd rangti
for tach of these typei of water-bearing zonet and furthtr support than

' mump t ions,

The characterises of the water-bearing zone in the vicinity of the pumping
well are obtained by overlaying the type curve on the drawdown ploti,
adjuiting the plots to provide a "best fit" (keeping tht axes parallel) and

and t and 1/u,, !/_(,, w (u,,U|,, B), i ind t, selected for each plot, are
indicated on the calculation iheeti presented in Appendices E-2 and E-3,
Theie data are then used in the following formulas to calculate the T and S
parameteri.

Eq 3.5, 3.7

T • HA'6 Q W(u) and S • uTt • for confined conditioni (W-28)
i 2693 r2

Q 4Tt ua
T • — W(U., Ub, B) ind Sy • ——— Eq 3.8, 3.9

4 i r2 for witer tible conditioni (W-34)

Hydraulic conductivity may then be calculated by dividing tht traniminivity
value by the saturated thickness of the aquifer in the vicinity of the pumping
well. Tranimiislvity, storige coefficient, and hydraulic conductivity valuti
ware calculated for each monitoring well and are summarized in Table 3-4.

Two obiervatlons are worth noting from i review of the ploti ind reiulting
cilculationi from W-34, Firit, a good match with the type curve w»

3"52
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TABLE 3-4
SUMMARY OF AQUIFER TEST DATA

o

Q

observation Transmlsslvlty s Hydraulic conductivity
well Number Method (gal/day/ft) (dlmenslonless) (cm/sec)

W-28 TEST

W-12B ThelS
Jacob

W-10 Theis
Jacob

w-4 Theis
Jacob

W-21B Theis
Jacob

All Dlst-ordwn

Geometric Mean

w-34 TEST

W-33 Theis (A)
Theis (B)

PZ-19 Theis (A)
Theis (B)

PZ-18 Theis (A)
Theis (B)

PZ-22 Theis (A)
Theis (B)

Geometric Mean

30.2
59.5

61.9
93.0

115
63.5

46,2
37.3

52,8

61.2

1780
1230

1780
1000

80.2
882

893
1600

890

1.9E-02
8.7E-03

2.0E-05
1.7E-05

2.2E-04
1.8E-04

1.3E-04
6.7E-05

6.8E-05

2.2E-04

3,05-02
6.8E-01

3.7E-02
5.8E-01

2.0E-03
2.4E-02

6.0E-04
1.3E-02

2.5E-02

2.9E-04
5.6E-04

7.7E-04
8.8E-04

1. IE-03
7.9E-04

4.4E-04
3.5E-04

5.0E-04

5.BE-04

1.7E-02
1.2E-02

1.7E-02
9.4E-03

7.6E-04
8.3E-03

8.4E-03
1.5E-02

8.4E-03

nR3QI7G
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only obtained for the later-time driwdown data (Type b curves). The earlier _^
portions of the curve were not as well defined and partially masked by \,J)
scattered data points due to recharge from heavy riins which fell during the
test, thus making the interpretation more difficult.

Secondly, the calculated specific yield for W-34 was considerably lower than
what would be expected for unconfined conditioni (0,1 to 0,3), Thii would
indicate that there is delayed drainage as the water table is lowered, Thia
conclusion is further supported by the fact that layering and gradational
changes in grain aize were noted in the boringi lurrounding and including
W-34.

The aquifer tetting did not allow the determination of the vertical hydraulic
conductivity of the aqultards, Thii ii due to the relatively low pumping rate
that was possible as a consequence of the low relative hydraulic conductivity
of the water-bearing zonal that were pumped during the teit, This is coupltd
with the fact that the aquitards are believed to have a very low hydraulic'
conductivity, Therefore, the existing conditions of the ilte did not illow
tufficient stress to be applied such that observable drawdowns could be Q>)
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, Thii
method does not tske into account the effects of dewitering and was therefore
only used for analysis of the W-28 teat data, In addition to the aitumptiont
listed for the Theis formula, the Jacob method aisumei that "t" is
aufficiently large and "r" is sufficiently small, Thus, this method is more
ideally suited to observation wells which are located close to the pumping
well and for times well into the aquifer test. In order to successfully apply
this method of snalysis, it is recommended that the data points which art uied
ihould be taken from a point in time greater thin tht value of 5r2i/T it
which point the data plots on a straight line (Fetter, 1980). This test wai
applied to each of the monitoring wells and the results are preier\_e,cHv»iHi/-t>e
, , , Ah Oil I /DO /--,calculations in Appendix E-2. f j
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Trinimlssivity 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 points and
the slope, delta s (drawdown per one full log cycle) was then calculated,
This value is then applied to the following equation.

Eq 3.10

The value of transmissivity obtained from equation 3.10 and the time
aaiociatad with straight line intercept (t0) of zero drawdown, it then tnttrtd
into tht following equation to calculate the storage coefficient:

Eq 3.11

Trinimlssivity, ttorige coefficient ind 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
ii 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 lufficient
eirly-timt data necetiary for the Theis method, Although true steady-state
conditions were not reached, it is estimited that "steady-shape" of the cone
of influence wai ichieved and that the resulti provide a reasonable estimate
of the aquifer parameters,

A semi-log plot of distance versus drawdown was constructed for the W-26
aquifer teit using the last complete set of measured water levels, A best fit

AR30I769
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ttraight line was again drawn through the data points and transmisslvity and
storage coefficient values calculated using the following formulas:

Eq3>12'
A diitance-drawdown graph of the W-34 teit data was not constructed ilnce only

) two of the obitrvation welli would pan the validity teit for appropriate uie
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 obierved, However,

I the range of this variability is well within acceptable limits, For tht
purpotet of evaluation, the geometric mean of all of the valuet for each taat

I will be utilized, Theie resultant valuei are considered to be the bast
measure of the water-bearing zone characteristics of my thit are iviilabla
for the tite,

i

3.4,1.2 Variable Head Hydraulic Conductivity Tatting. Hydraulic
1 conductivity tests were performed on selected monitoring welli ind well pointi

by the uie 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
I hydraulic conductivity of the geologic materials adjacent to the screened

interval of each well,

The particular "variable head" borehole test utilized for thii project wat
( d e v e l o p e d by Hvortlev for the United Statei Army Corps of Engineeri, and it

iwnmarized in Cedergren (1977). Theie teitt were conducted as follows:

I • The italic water level in the well to be teited wai measured and
recorded,

The water level in the well wai then lowered by billing or pumping,
and a measurement of the depressed water level or drawdown was

AR30I770
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• At frequent time intervals, the water level in the well and the
respective time elapsed from the beginning of the recovery period was
measured and recorded.

The method of analysis assumes that the rate of Inflow to the well icretn
afttr evacuation is proportional to the hydraulic conductivity (k), exprtsted
in cm/iec, ind to the unrecovered head dlitance, 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 ln(L/R)ln

Where: R • sand pack radius (cm)
r • riser radius (cm)
L • effective intake length
t; » time interval corresponding to hj (sec)
t2 • time interval corresponding to 1)2 (sec)
hi • head ratio at t} (dimenslonless)
(12 • head ratio at tj (dlmensionless)
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 Teiting. A number of soil samples were lelected
for laboratory soils testing as a part of the 19B4-85 AWARE Investigation and
as a part of Phase II of the RI, Eleven split-spoon samples were subjected to
mechanical grain size testing including mechanical sieving and Atterberg
limits testing. In addition, six undisturbed tube samples collected from tht
upper aquitard were tested for vertical hydraulic conductivity, grain size
distribution, Atterberg limits, and moisture content,

The soil testing procedures followed in all of the performedflftg:@ Jŵ r?
consistent with standard laboratory procedures. The hydraulic conductivity
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TABLE 3-5
SUMMARY OF FIELD VARIABLE HEAD HYDRAULIC CONDUCTIVITY TEST DATA

O
Well Number Test Date Hydraulic Conductivity(cm/sec)

Water Table Aquifer
W-9WT (R) OB-Dec-88 5.7E-OS
W-12C 22-Jul-BI 2.9E-05
W-22A 12-D6C-B4 9.2E-04
W-33 07-jan-87 9.6E-04
W-27A 18-jan-89 2.IE-04
W-32A 18-Jan-89 8.6E-05
W-35A OB-Dec-88 3.9E-06
W-36A 08-D6C-88 4.0E-06
W-37A 08-D6C-88 4.9E-04
W-39A 19-Jan-89 1,IE-03
PZ-22 18-jan-89 1.6E-06

Geometric wean 7.4E-05

intermediate water Bearing Zone
W-7 17-Jan-89 4.2E-07
W-8A 17-jan-89 6.7E-06
W-9 17-jan-89 4,IE-06
W-12A 22-JUI-81 7.2E-07
W-20B 18-jan-89 1,IE-04
W-21B 12-D6C-84 5.2E-07
W-22B 12-D6C-84 2,IE-05
W-24B 12-D6C-84 2.6E-06
W-26B 19-Jan-89 4.6E-06
W-27B 18-jan-89 3.2E-05
W-28 07-Jan-87 7.6E-05
W-32B 07-jan-87 7.2E-06
W-35B 08-D6C-88 6.6E-06
.W-36B 08-D6C-88 5.5E-06
W-37B 08-Dec-88 2.6E-06
W-39B 19-jan-B9 1.IE-03
PZ-11 IB-Jan-89 2.1E-05
PZ-13. 19-jan-89 B.2E-07
PZ-38 19-jan-89 6.6E-06

Geometric Mean 7.3E-Q6

Deep Water Bearing Zone
W-6B OB-Dec-88 6.1E-07
W-21C 12-D6C-84 9.7E-07
W-22C 12-D6C-B4 1, IE-06
W-23C 12-D6C-B4 1.1E-04
W-24C 12-D6C-B4 5.3E-04
W-27C 07-jan-B7 7.5E-07

Geometric Mean 5.5E-06

upper AqultardMaumee I I I B (Fine)
W-238 12-D6C-84 1.8E-07

Ashtabula T i l l (Fine)
W-12B 22-JUI-81 8.3E4R30I772 ©
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tests on the undisturbed tube sampl.s were performed in a flexible-walled
triaxial permeanmter under falling held conditions. This apparatus l,t
considered superior to i conventional rigid-walled permeameter becauie it
allows placing tht toil tpecimen under a confining pressure before and during
taating, The confining praaaure iniurts that sample fracturing and affluent
bypass will not occur during testing. Also, the confining pressure can be
adjuated to equal the in situ confining pressure experienced by the aoil under
natural conditions. Furthermore, this system allows application of the
effluent under aignificant back pressures which insure saturation of specimens
prior to actual teiting.

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

3,4.1.4 Tritium Teiting. The levels of tritium observed in 12 monitoring
wells are presented in Table 3-7, The mean tritium level observed in tht
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, groundwiter 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. Thii
would teem to be repreientative of groundwater which may have originated at
precipitition in 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 uaing
the age of the groundwater in each Deep Zone veil, the known thickness of the
aquitard, and the vertical hydraulic gradient across the aquit.rd, It has
been assumed that dispersivity would have the effect of smoothing out the
observed seasonal fluctuations in rainfall tritium levels but would not
significantly alter the rate of advance of the tritium vertically through the
aquitard,

AR30I773
It is assumed that groundwater moves downward across the aquitard from the
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 Date Hydraulic Conductivity
(ft below ground) (cm/sec)

Upper Aquitard
Maumee 1 1 1 C (Fine)

W-20B 22 • 23 15-jan-85 2.8E-07
W-20B 23 - 24 15-Jan-85 8.4E-07

Upper Aquitard
Ashtabula TIM (Fine)

W-12D 22 • 24 15-Jan-85 1.0E-07
W-20B 34 • 36 15-jan-85 1.4E-07

Geometric Mean 2.4E-07

Lower Aquitard
Ashtabula TIM (Fine)
W-6B 58.5-60 OB-Jun-89 2.0E-07
W-6B 51 - 52 OB-Jun-89 1.6E-08

Geometric Mean 5.7E-OB
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Table 3-7
TABULATION OF TRITIUM DATA

well Tritium
Number Date units

water Table Aquifer

W-20A 13-jan-86 31,0
W-23A 13-jan-86 36,7
W-26A 13-jan-86 27,0
W-27A 16-jan-87 23,8
W-32A 16-jan-87 23,4

Mean 28,38
Intermediate Zone

W-23B 13-jan-B6 1,46
W-26B 13-jan-86 15,0
W-27D 1C-jan-87 0.34
W-32B 16-Jan-87 5.53

Mean 5,58

Deep Zone

W-23C 13-Jan-86 1.21
W-26C 13-Jan-B6 3,41
\V-27C 16-Jan-87 1,66

Mean 2.09

-O
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aquitard thickness allow the calculation of the vertical seepage velocity (V,).
The vertical hydraulic conductivity of the aquitard can be calculated from the
following equation:

Eq 3,15

Where: VB • 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 ii calculated from the head
differencei between the Intermediate and Deep Zones ind the known thicknen of
the aquitard, Employing the above equation, the mean hydraulic conductivity
of the aquitard is found to be 4,4 x 10"7 cm/tec, The cilculatlont are
summarized on Table 3-8,

hydraulic conductivity teiting uiing both field ind laboratory methodi hat
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 Hvor a lev-met hod, variable head
test methods have typically been shown to under-estimate the actual hydraulic
conductivity by a factor ranging from two to greater than ten, Several
factors contribute to the underestimation, Perhaps the most significant is
that the variable head tests simple 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 instillation
of a monitoring well inevitably disturbs the formation, resulting in smearing
of finer-grained materials on the walls of the borehole,
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TABLE 3-8

SUMMARY OF HYDRAULIC CONDUCTIVITY
CALCULATED FROM TRITIUM DATA

\

1
1
o
1

well
Couplet

W-23

W-26

W-27

Aquitard
Thickness

36,5

51,0

38,6

Travel
Time
(Years)

36

36

37

Seepage
velocity
(cm/sec)

9.BE-07

1.4E-06

1.0E-06

Vertical
Head

Difference
(Feet)

28,8

64,0

16,9

Geometric Mean

Vertical
Hydraul Ic
Gradient

0,79

1,25

0,44

Maximum
vertical

Hydraulic
Conductivity

(cm/sec)

3.7E-07

3.3E-07

6.9E-07

4.4E-07
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variable head methods do not account for frictional head losses aa water
pasiei through the well icreen, At this ilte, comparison of variable head fj)
teit results at Wells W-26 and W-34, where aquifer tests have been conducted,
Indicatei that the variable head test values are less then pump test valuet by
t uniform factor of approximately 8,0,

On the batii of the previous diicutsion, it hai been conservatively 11turned
that all of the variable head data have underestimated the hydraulic
conductivity of the water-bearing zones by a factor of 8,0, Therefore, the
hydraulic conductivity valuea mo it reprtientative of each water-bearing zone
will be asiumed to be the geometric mean of the variable head data for each
multiplied timet i fictor of 8.0. Theie values are summarized on Table 3-9.
The distribution of the hydraulic conductivity in the intermediate
water-bearing zone his been mapped, ai preiented on Sheet 12 of 21, Thii zone
has bten ihown to provide the primiry conduit for contaminant migration from
the landfill, In general, the hydraulic conductivity of much of thii zone
rangtt around 1 x 10"'* to 1 x 10~5 cm/tec. However, an area of ilgnificantly
higher hydraulic conductivity exiiti north of the ilte with values ringing up
to approximately 1 x 10"2 cm/sec. (•i\'..}

The hydraulic conductivity of the upper and lower aquitards has been evaluated
uiing laboratory data and tritium data. These data are somewhat limited. In
iddition, it was not possible to quantify the hydraulic conductivity of the
aquitards through the use of the aquifer testing method that was employed due
to the low vertical conductivity of the aquitard 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 10"' 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 value of 6.8 x 10'8 cm/sec,

AR30I778
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TABLE 3-9

SUMMARY OF REPRESENTATIVE HYDROCEOLOCIC DATA

Hydraul Ic
Hydrogeologic Conductivity

Zone (cm/sec)

Horizontal Flow

1 water Table 6E-04

Intermediate
1 Mean 6E-05

North Of LF IE-03

Deep 4E-05o Vertical Flow
j
' Lower Confining 4E-07

Layer

1
1
»
1
1

Groundwater
Hydraulic Flow Rate

Porosity Gradient (ft/yr)

0.3 0,04 62

0,3 0,05 10
0,3 0,02 69

0,3 0,01 1,5

0,3 0.76 1,1

'• -HR30I779
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Laboratory testing has often suggested lower hydraulic conductivities than
actual (01 sen & Daniel, 1979), By virtue of the extremely small lize of Q |)
laboratory samples relative to the aquitard as a whole, laboratory umplei
often fill to predict the influence of macro-scale features on aquitard
behavior, The tritium data for the aquitard at well cluster W-23 luggeat a
maximum vertical hydraulic conductivity of 4.4 x 10"7 cm/sec, Thii value ii
conaitttnt with the limitation of the laboratory data as discuscod above.
Therefore, this is considered to be conservatively representative of the
vertical hydraulic conductivity of the lower aquitard,

3.4.2 Croundwater Flow

The geologic conditions beneath the study area have bten described in detail
in the preceding lection. Thii tection deicribet the occurrenct of
groundwattr n it it contained within the geologic framework. Croundwattr hti
bten obierved to occur within three zonei beneath the Shope'i itudy ireii

• Ai an unconfined Water Table Aquifer within the shallow soils.

• As in intermediate depth confined zone within the coiner griintd
toils of the Maumee III B and the coarse-grained Ashtabula Till.

• As a deep confined zone within the coarser grained deposits of the
Haumee III A,

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

Monitoring welli and piezomttera hive been instilled in each of theie zonei,
allowing the determination of their respective piezometric lurfacei,
Croundwater measurements from all of the monitoring wells are preiented in
Table 3-10.
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n IIIVMIO* (in mi)
IOUIIM COOIBIHMII iimiim mi cmocic ,
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MM
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MMM mm IAII ntioiKi ow» WPIM KM i|.|ui.» OI.HO.II IO.KMI «-|in.» II-MVI? ji-jim.i; OI.WMI u.jin.
u
111 HI Ml.II IH.t III.I Cm 744.1 744.0 741,1 744.4 744.1 744.1 •• " ••
111 H) 711.n 7K.) 11,0 mi 71) 1 711.1 71! I 711.) 714,7 71) I 7M.I 711,7 7H.7
11) Ml 7*1.M 7K.I 110 »l\mi 7IM 7)).7 711,1 711.7 717.0 711] 711.7 711.0 711,1
111 HI 71).» 710,1 II 0 « 711.1 711,0 711,1 711.7 714,) 71),7 717,) 7H.7 714,7
100 mi iii.ii i)7.) n.) im in i 110,1 110.1 su.7 114.1 111,1 111.1 111.1 111,1
100 mi in.01 in,7 11.1 im 111,0 IM.I MI.O 110.1 110.1 114.1 aoi.i m.> 110,1
too nit iii.ii ii7,> )7,i WIMOI •• ID.) 111,0 114.4 111,1 in.) MM 111,4 in.i
in nil i».» H7.1 ».o M\mi 114.1 •• •• •• •• i».o 111.1 111,1 mi
1)1 1171 111,71 III.I 14.0 II 111.I 110,7 110.7 II).I 111.I 111.1 110.) 111.) 111,1
410 10» 100.H 711.1 17.0 101 71) > 7)1,1 7)4,1 71).) 7(4 I 71).I 714.1 711.) 711,1
410 10H 400 71 7(1,t 11.0 Inl 71),b 711.7 711.1 71).) 7)4.1 71) 7 714.1 711.1 711,1
410 IMO KO.I4 HO.O 11.1 mini 7t).t 7114 711.1 7111 714.7 711.7 71).) 711,7 71)1
410 IOW MO, 11 100,0 D.I PNO •• •• 771.1 774.1 771.1 7741
410 IMO H),l! 100.J 11.) II 100.0 71).) 717,0 101,0 7W.1 711.1 711.1 100,1 100,1
H) m 717,91 714.7 41 I im 771.1 771.) 776.4 771.1 771.7 777.) 777.0 771,> 771,4
Ml IM 717.01 711,1 )4 0 mi 7I».) 710,1 771.) 71) I 714,7 711 ) 710.1 714.1 7M,I
H) 111 711.70 71).0 II.) II 71). 1 71).t 71).1 714.0 7H I 711 I. 7)1.) 714,1 714 4
1U 1441 I1I,» 111,1 II.0 IHI 104.1 »l.l 101,1 104.1 101.1 101.1 101.1 MM »0),4
IM 1441 II!.» 111.| 41,1 mi H7.0 111.) 10)4 107.0 101.t K7.) 10).1 Ml.) SOI.I
1U 1441 114.)) 110.1 II.) «T\im 1011 101) 110.) 10),I 101.) 101.) 107.1 HI 4 IN.4
1U 1441 117.7) 111.1 10.0 IT III I 10).0 1011 III) lll.l 1011 101,7 101,1 MM
101 110 71).U 7W.1 17,1 im 71)4 7)1.1 711.7 71).t 711.0 7114 711.0 71).4 711,1
104 lU 711.11 710,t 10,! DWP •' •' •• " •• •• 740.) 741.1 741,1
101 IK 714.71 711.t H 711,1 711 1 711 ) 710.1 711.) 711.1 710.) 710.1 7)0,1
470 17U III.II 101,0 41.0 im 104.1 101 1 101.1 101.1 101.1 101,1 101.1 101,1 SO),I
470 17M 111,11 101.1 107,0 KW 741.1 747 I 741.1 741,1 747.t 747.1 741.7 747,1 747,1
470 17M 111,11 HI.4 11,0 »1 101.0 101.1 107.1 101,1 101.) 10)1 101.1 H1.0 101.0
MO iiu 7tt.lt 714,4 mi .. 711.1 711.1 •• 711.7 711 1 711.1 711.4
HO 1110 7Il.lt 714.4 II,! mi 7H.1 •• •• •• 7)).4 711.) 71)1 711,0 7N.I
HO IIM 711.11 711.t 1,1 I] 7111 7)1.4 7)4.0 7141 7)1.1 7)1) 71).) 714.) 7(4,1
lit 111! 717,U 711.1 11.0 mi 7)0 7 717.) 711 1 7)0 ) 711.7 III I 71*.) 710 4 710.1
lit 111! 717.U 711,1 11.0 mi 711.t 711,1 7140 •• 711.1 711.) 7)4) 7)4.1 7)1.0
III till 717,04 714,7 I.) « 7K.4 711.0 7)).I 7141 71) 4 7)1.1
III 111) 717,11 711.1 14.0 II ., ., ,, •• •• •• 7)< 0 714.0 714,1
710 110 711.1) 711.7 17 0 I HI 771 ) 771.1 771.1 710.7 710.0 771 7 771.) 710.0 710,1
710 110 7)1.1! 7)1.7 11.) 1(11 711.) 777.4 7777 711.1 710.) 771.1 77V.4 711.1 711.k
7)0 110 7)1.11 7)1,7 11.0 II 711.4 777.1 777,4 711.7 771.1 777,1 771.) 711.1 711,4
417 17) 711.07 711,1 11.0 mi 77).1 777.) 771.0 77).) 77)1 771.1 771.t 7710 771,1
417 )7> 711.07 711,1 11.1 mi 77)1 771.) 777.7 77).1 771.1 777.1 771.1 771,1 77»,l
417 17) 711 (I 71].) 7,1 |l 771.7 771,7 771 4 J|o 0 771.0 771.1 710.1 7M.1 710,1
71) 111 710 II 711.1 111 mi 7111 7771 711.1 7711 771.) 771.) 771,7 771.) 7711
71) 111 711.1) 711.1 11,0 im 71)1 777.1 771.0 7111 71).t 711.0 711.1 714,1 7H.1
711 111 711.11 711.| 10.0 (1 7101 771! 710.1 714.4 711,1 7711 711.1 714,1 714,7
711 111 711.11 711,1 140 Um 7411 741.1 741.4 747.7 747.1 747.1 747.4 747,1 747,1
171 1007 110.11 117.) 11.0 II 107.0 101.) 101 4 10!,. 1 101 I 10),i 101,1 Ml,] Ml.l
140 10)7 110,17 lll.l 110 II H4.1 1044 10).I 104.1 10).1 »4,» •• 104,0 M),«
»l 147 I»,U 111,1 11,0 Wl 7)17 711.1 7W.I 711.0 7114 711.) 7W.7 7W,) 711,1
107 711 lit.41 111.) 110 M ?«,.! 711.1 71)4 7« 1 711.1 7117 711.7 7tt I 7K I
WO 1140 7)0,11 717,1 110 II 714.7 7101 71)1 714 I 7111 7114 711,0 711,1 7111
1» 1110 710 H 717.4 470 mi •• .. •• » » 711.1 7)0,» 717,1 717.1
HO 1140 711.14 7H.I 110 (mo 74)1
1070 no 711.04 711.7 14 I M 771 1 771.1 771 1 771,0 777,1 in.I 777.1 771,1 771,0
1070 100 71)11 711.1 411 mi 77)1 771.4 77H 7717 7711 777.1 777.1 771.1 771!
1070 100 7141! 7111 1011 (WO 7111 7471 7110 7111 7110 711.7 711.1 7111 711,1
710 MO 777.74 77)0 10.) II 77)0 7711 77)1 77)1 77)0 771.7 77).1 771,1 D>f
710 100 777,17 77)0 11.0 ml " 7741 7770 7774 7774 77t 0 BlB 0 0 { / 8 T
710 100 777)1 77)0 100 Kw 7411 7411 7471 7471, 7477 747 » B?!* W \t> \ '. 7»7,J
411 IM 77)11 7711 1).! II 777.1 771) 774) 7714 7711, 7744 7711 777.1 777.0
4H IM 77).7) 774, i 17 0 ml 7741 711) 7711 77)1 77)0 7111 77)1 771,1 7711
411 IK 77)41 7714 110 mu 7447 74)1 741) 7441 744.0 74)1 7441 744.1 7441
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How iio 110 7ii.u T I M i o l « TiTi TTM nTi711.1 711.4 710.4 711,4 711,1 m.i
••M 1» 110 71414 711.) 11.0 ml 777.4 774.) 741.0 777.1 771.1 771.1 774,1 771.4 777.P
••14C 1)0 110 714.II 711,1 HO (MO 741.7 7)1 I 7)1.1 74),) 74).) 741.1 741,1 741,1 741,1
••1WT W 110 711 II 711.1 11,0 VI 711,4 7111 711) 7111 7114 7141 7114 711,1 711.4
••IM '111 I1H 1)4.11 1)1.0 11.0 M •• 111.4 117,4 170.1 110.1 111.1 117.1 110,1 1)0,1
t-m •>» im iH.ii m.i H.I mi •• no.i MI.i no.i in.i no.i loi.i 110,0 up,)
••IK 'HI DM 1)4.01 1)1,7 1)1.0 PHP •• 741.4 741.1 744,1 744.0 741.1 741,1 744.V 7», I
••174, 14M 1011 777.X 771.1 14.0 VI •• •• •• 744.4 744,0 744.7 744.4 711,1 744,4
••171 mi 1001 771.11 771,1 41.0 ml " •• •• 7H.I 741,1 747.1 717,1 741,4 741,1
••17C 1171 1007 777,17 771.1 101.0 IMP •• •• •• 717.1 711.) 717.) 741.1 711,1 711,1
•'II 7)1 IH 7101.1 711.) II.0 ml " 777.1 7711 710.) 710,0 771.1 771.1 7M.1 740,1
••It H11 171 747.11 744.4 II 0 " 74) 4 744 0 741,0 744.4 •• 744.1 741,0 711,1
••» 710,14 741.0 )1,0 •• 744.7 741.1 741,7 741,1 " 744.4 744,1 744.1
••11 711,11 741,7 40.1 •• 741.1 741.0 744,1 711,) •• 744.) 744,7 744,1
••))> Mil 1410 771,17 771.1 TO 0 M •• •• •• 711.1 711,0 744,1 71! I 744,P 741,1
••HI 1011 1471 7717) 77).l HO ml •• " •• 771.0 711.4 7110 7700 770,1 770,1
••» 147 1111 711.1) 711.1 41.0 >l\ini •• .. .. 714.4 7114 714,1 711,1 7H.I 7(4.7
••H 111 11)4 7M.14 711.1 mini •• " •• •• •• 714.1 •• 711.7 741,7
n<m 4i)7 mi MI.U Mi,4 10,1 n •• •• •• •• •• •• «>i 104.1 m.i
l»'>» 4)1 1114 H1.71 H7.1 111 ml •• •• .• •• •• •• H4.) 404,1 104,1
••»» 1441 1)11 711.07 771,1 100 II •• •• " " >• •• 771.1 774.4 774.1
••»a 1440 ml 711,14 771,1 47.0 ml •• •• •• •• •• •• 7741 771,1 771.1
»')7» 1)11 ID) 711.U 711 1 1,1 II " " •• •• •• " 7M I 740,1 771,1
••171 1)1) 1IU 711)1 71).) 110 mi •• •• •• •• •• •• 771.4 711.1 711,0
I'll* 11)1 141) 7*1,10 711.7 II.0 II •• •• •• •• " •• 711,1 711,1 711,1 (
••>*t im 1411 711,14 7H.4 17.1 mi •• •• •• •• •• •• 711 1 711,1 711,1 v

rlHOMIIII
'Ml 1411 1011 710.70 777,1 11,0 ml •• 7H 1 770) 771.1 771,1 770,0 770.7 771,1 771.1
'Ml till III* 711,10 710.0 M,0 ml •• 77)4 771.1 771.1 •• 774.1 774.1 771,1 771.0
'Ml 101) 1111 711.47 7111 11,0 mini •• •• •• •• 7110 714,7 71)7 711,7 711,7
'Ml (" 1117 7(1 11 711.1 )).o mini •• •• •• 7lt,7 7110 711 ) 711.7 717,0 714,1
'I'll 110! 11>» 711.10 7111 10.0 II •• .. ,. 7100 710.1 7711 771.1 771.1 771,1
'!•» •» 1)47 DO.10 117 I ».0 mi •• •• •• •• •• " 107.0 M7,l 107,1

mi soringt
'-•4'l 10) 1101 1)7.0 41.1
S'M<! *0 UN 117.0 11,1
S'M<> 101 111! 1)10 11,1
I-M'4 IM 11*1 1700 111
I'll'l 101 IKS 117 p 11 |
••I)'! N 11(4 117,0 I) 0
••>!•) 101 11*1 111 P It.I
S'll-4 IM 11*1 1100 111
l'14'l 744 IIP* 7(01 |].0
l-ll-l Ml 1141 7N I |4.0
I'M') 1011 1111 7»0 44,0

. I'M-' mi 1)14 711.1 11,0
••It'1 1117 1011 717,7 |40 t
I'll'! 1074 1110 7111 17,0
I'I4'7 1)10 1IH 711,7 17.0
l-ll-l 711 Itll 711.7 17.0
••"•I S44 10M 7111 |7.0 ,
I'H'10 1411 11)0 7147 1)0
I'll'll 1111 1011 777 | !) Q
I'll'll 1)41 11)1 7117 170
••it.!), nil 114* 7io.p wo n:DiniTR9
S'll'll 117! 1141 771 , »(, H l> 0 U I / 0 fc
I'll'll Illl 1177 771.0 I) 0 , . •
••It'14 Illl 111) 771 4 17 I
l'lt'17 110) 171 7117 7)| Ii
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Deeper water-bearing zones probably exist below those thit were ttudied aa a
part of this investigation, These zonei may be contained within deeper ( )
glacial deposits and/or bedrock that underlies the tite.

3,4.2.1 Water Table Aquifir, An unconfined Witer Table Aquifer occurt
within the thai low toili beneith the itudy area and ranget in depth from 15 to
30 feet, Theie thallow soils primarily consist of the coine-grained

| Aihtabula Till and Maumee III C lacuatrine depoiitt but intermittently coniiit
of fine grained soils is well, An itolith map indicating the composite

I thickness of theie two coarae-grained lubunits it depicted in Sheet 13 of 21,
Overall, however, these shallow soils are among the molt permeable that occur
at the ilte, wit
6 x 10"* cm/oec,

I

I at the ilte, with an eitimited iverige hydraulic conductivity of approximately

I
The unconfined Water Table Aquifer receivei recharge predominately through
direct infiltration of precipitation, Ai auch, the turfice of thii zone it
more lensitive to seasonil variations than are the deeper units,

The surface of the unconfined aquifer occurs at relatively shallow depthi
beneith the site, ranging from zero to approximately ten feet below ground
aurface, 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 turface water on the tite 10 thit 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 aurfice is shown on Sheet 14 of 21 ii very
timllar to thit configured previously by Harrison (1960), Wehran (1961) and
AWARE (1965 and 1967),

The direction of lateral groundwater flow is assumed to be perpendicular to
the groundwater contours as indicated on the water table contour map, Flow it
generally to the north and northwest. Groundwater flow within the Water Table
Aquifer presumably flows toward and discharges to the two small ttreami
located north and west of the site, The water table Burfad$f^3$cfn7ficiil!e
nearly coincident with the ground surface at several locations north arid'west
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of the site. Theie seasonally wet areai thus represent the surfice exprenion
of the water table. Several of theae areai located immediately adjacent to
the landfill, termed "teep-areai" by PADER, have been the subject of much
interest because they contain contaminated groundwater. However, the term
teep ii really a miinomer in that little or no obiervable flow emanatei from
thete areai.

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

Ki
V. -g Eq3.16

Where;

Vs • seepage velocity (cm/sec)
K • hydraulic conductivity (cm/iec)
i • hydraulic gridient (dimensionless)
Ne • effective porosity (dimensionless)

The hydraulic conductivity has been estimated at 6 x 10~* 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 a moderately low hydraulic conductivity ihown previously to
have a mean value of approximately 6 x 10'5 cm/sec. However, thii unit cannot
truly be termed an aquifer aa it probably would not be capable of transmitting
significant quantities of witer under ordinary hydraulic gridienti (Frieze ind
Cherry, 1979). Therefore, thii unit will be termed a "water-belong ft
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Thii water-bearing zone is almost completely confined by overlying fine ._
grained till and lacustrine depoiiti repreiented, respectively, by the 1.,,)
Aihtibula lubunit ind the Miumee III B lubunit. The hydraulic conductivity of
theie confining tubunits hit previously been shown from laboratory teiting to
be on the order of 2.4 x 10"7 cm/sec, The confined nature of thii zone hat
bain dtmonttrated by the well W-28 pump teat. However, in ttvaral araaa,
notably that beneath the landfill and in the plume extention area north of the
aite, the Intermediate Zone has been shown to be only temi-confined.

Tht piezometric turface has been defined through the uie of water level
meaturementt from monitoring welli tcreened in the tame itratigraphic petition
in the Miumee III B. The configuration of thia turface has been depicted on
the Intermediate Depth Piezometric Surface Contour Map, Sheet 15 of 21. Thia
surface is shown to slope to the northwest in a similar but more lubdutd
manner than that of the overlying Water Table Aquifer. The configuration of
thtie contourt it very timilar to that which wai depicted previously by
Harriaon (I960) and AWARE (1965 and 1967),

I The installation of an intermediate piezometer, PZ-36, has served to further
define the piezometric surface in the upgradient direction from the landfill,

I Previous piezometric data auggested the presence of a groundwater divide
' between the landfill and the upgradient well W-26B, Newly available

piezometric data from all of the wells, including PZ-3B, indicate a slight
reverial of groundwater flow does exist toward the unnamed tributary located
to the south of the ilte. However, these data solidify the fict that water
levels in well W-26B are significantly higher than the landfill and that thia
well it completely tuited at a background well for the intermediate zone,

A prominent lobe in the piezometric contoun has been depicted in the area of
the plume exteniion, Thii apparent local reduction in the magnitude of head
Ion through the formation nay indicate a local increne in hydraulic
conductivity in thii immediate area at ihown on the Hydraulic Conductivity
Contour Hap (Sheet 12 of 21),

The potential direction of the verticil component of flow through the
confining layer overlying the Intermediate Zone tends toflfiS0»{i7l3«S
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dependent upon the relative topographic position of the overlying Water Table
Aquifer, In the topographically higher areas of the site such as beneith the
landfill and the hill at W-2, the water table surface is significantly higher
thin the piezometric surface in the intermediate confined zone, This provides
the potential for downward flow, In the topographically lower areai of the
ilte tuch as that to the north of the landfill, the piezometric surface ii
significantly higher thin the water table surface, In fact, at several
locations, such as W-20 and W-22, the piezometric surface is above the ground
surface, Under these conditions, the potential exists for upward flow through
the confining layer. 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 it afforded
between the Intermediate Zone and the overlying Water Table Aquifer aa
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 contimininta
to migrate downward into the Intermediate Zone which is only semi-confined in
this area, After traveling laterally to the north, a portion of this flow miy
migrate vertically upward under the influence of the strong upward gradients
that hive 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 l i t t l e hydraulic separation between the water table aquifer and the
underlying intermediate zone. As such, each of these wells exhibits water
levels thnt are approximately midway between each of the two zones even though
they arc 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 zone due to the strong upward vertical
gradient that results in an upwelling of groundwiter flow from the
intermediate zone in this area,

The previously described lobe in the piezometric surface may partially be the
result of this discharge to the overlying Water li'ble Aquifer, flrftE3lQdf'918l7
conductivity of the Water Table Aquifer in this are's is shown to be relatively
high which may have a controlling influence on this localized upward migration,

3-73
' • - ' . . ..........................

I f-the-page . itutd in tkit .n**t i* not a* Atadablt^on. Ugibtt.tt-thit'MZ:.. ..]
label, jilt it _ue to tubttandand colon on condition ot tht original pageV;v; !;[



Therefore, the relative reduction in head loss in the Intermediate Zone _.
occurs, and is manifested aa a localized lobe in the piezometric lurface, (,„ ,P

The rate of horizontal flow through the Intermediate Zone can be eitimattd
with the uie of Equition 3,16. The dita required for thia calculation
includes the hydraulic conductivity and hydraulic gradient that have bitn
determined, respectively, at 6 x 10"5 cm/sec ind 0,05 ind an assumed effective
porotity of 0.3. This calculates to a rate of 10 ft/yr.

Thii flow rate comparea very cloiely to the known contaminant travel diitance
on the north-central and northwest tidei of the aite, However, the aituation
in the plume extenaion area directly north of the alte is somewhat more
complex at deicribed in Section 3,5.3.

The rate of groundwater flow in the area north of the landfill it believed to
be lignificintly greater due to the observed zone of higher hydraulic
conductivity toils, The hydraulic conductivity and gradient in this area are
observed to be 5 x 10"3 cm/tec ind 0.02, respectively. Using Equation 3.16, a
maximum flow rate of approximately 69 feet per year has been calculated. Thii (. ;
flow is consistent with the maximum obierved extent of the groundwater plume,

3,4,2,3 Deep Confined Zone, A deep confined water-bearing zone hn been
identified it a depth ranging from approximately 75 to 105 feet below the
ground turfice. This zone ii contiined within the coiner grained layera of
the Miumee III A lacustrine deposits, The Maumee III A has been described
previously is possessing a hydraulic conductivity on the order of 4 x 10"'
cm/tec, Thii zone it fully confined by the Lower Aquitard repretented by the
fine-grained Glacial Till with a hydraulic conductivity believed to be leis
thin 5 x 10'̂  cm/iec.

The piezometric surface in thii Deep Zone his been depicted on the Deep
Confined Zone, Piezometric Contour Mip (Sheet 17 of 21), Thii map wai
prepared from water level measurements obtiined from the deepeit lite welli,
However, the witer level datum from one well, W-3, was omitted from this map.
Thit particular datum it believed to be in error based upon aflĉ Qî igcg
water leveli from the other wells on the sime dite and the dita from the aime f"̂ ,
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I well, W-3, indiciting that the innular teal of well W-3 may be leaking in the
'I } tame manner at hti been demonitrited for well W-20C.

The piezometric surface for the Deep Zone indicitea that groundwater in the
deep confined zone flows toward the touthweit, Thii is lignificintly
different than tht direction of flow in tht prtvioutly deicribed overlying
zonei,

The deep confined zone probably receives its recharge through the very alow
downward flow through the confining layer that neceaaarily would occur undtr
tht influence of the considerable downward vertical gradient that hat bean
identified. Other upgradient recharge zones miy also exist north of the titt.

' Thii flow path ii thown to be directly to the regionally low area repretented
i by Crooked Creek to the southwest of the site, Therefore, Crooked Creek moat

likely serves is the diicharge point of this deep confined zone.

I The rite of groundwtter flow to the deep confined zone is likely to be very
slow on account of the low hydraulic conductivity of the confining layer.

(i Thit rate can be calculated with the use of Equation 3.16. The vertical
hydraulic conductivity of the confining layer is conservatively estimated at

I 4 x 10"7 cm/tec, A verticil hydraulic gradient acroas the confining layer
' typical of the site was measured at W-12 it 0.76. The effective porosity is

inumed at 0,30. On the basis of these data, groundwater moves downward
through the confining layer at a rate of no greater thin 1.1 feet per year,

The rite of horizontil flow through the deep confined zone can alto be
calculated with the uie of Equation 3.16. The horizontal hydraulic
conductivity of the zone hai been shown to be on the order of 4 x 10'5 cm/sec,
the hydriulic gradient it approximately 0.01 and the efftctive porotity ii
ataumed at 0.3. Baied upon theie data, it cm be teen thit water movei
through this zone at a rate of approximately 2,4 feet per year,

3.S SURFACE WATER FLOW

The land in the area around the iit« it driined by two unnAnft<6@t}e/ir0g it
^~\ deicribed previously, Each of these streams likely represent man-made
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drainage channeli is indicited by their straight, linear character (Sheet 1 _.
of 21), These streams are in communication with and receive groundwattr ''.,v I
discharge from the shallow water table aquifer. This has been confirmed
through stream flow measurements, as described below.

Stream flow meaiurements were made it tix locations in the two small itreims
(Figure 3-4) following the methodt at deicribed in Section 3.1.4.1, The
itrtam flow in the unnamed tributary wai sufficient to allow the uie of the
Current Meter Method with the uie of a Price A-A meter, The magnitude of flow
in the imill itream, immediately north of the lite, wn too imill for the
current meter to that the uie of a triangular weir was required. The stream
flow meaturementt were made on three separate datet in November and December
1988, ai prevented on Table 3-11.

Stream flow in the unnamed tributary, from upstream to downstream, weri
meaiured in itationt SW-1 through SW-4, respectively, The mean flow rate
increaaea from 1.2 cubic feet/second at the Lexington Road Bridge to 3.4 cubic
feet/iecond at a point below the confluence with the small itream, The mean
difference between the flows from stations SW-3 to SW-4 of 1,1 cubic
feet/tecond represents the contribution of the small stream that enters the
unnamed tributary between these stations. However, the weir meaturementt tnide
in the unnamed tributary at stations SW-5 and SW-6 indicate a flow in exceas
of 1,1 cubic feet/second, This Inconsistency is probably due to differences
in the measurement methods and the fact that i free drop over the weir miy not
hive been maintained, thus yielding an excessively high rate of flow for that
method, Therefore, the flow rate in the small stream will be considered at
the differential rate between SW-3 and SW-4 or 1.1 cubic feet/iecond, which it
approximately one third the flow of the unnamed tributary. This it consistent
with general observations of the flow in the two streams,

- I'M

The time tpan over which theie measurements were mide waa very ihort.
Therefore, theie data are iniufficient to characterize the high and low flow
conditions of these streams, In fact, the small stream hat frtqutntly been
obierved to be dry in the lummer months. These stream flow measurements serve
to provide typical rates of flow in these small streams, AR^Q|790
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O TABLE 3-11
SUMMARY OF STREAM?LOW DATA

I
I
•
O

Station
Number

Unnamed Elk Creek
SW-1
SW-1
SW-1

SW-2
SW-2
SW-2

SW-3
SW-3
SW-3

SW-4
SW-4
SW-4

Small stream
SW-5

SW-6
SW-6
SW-6

Test
Method

Tributary

Price AA Meter
Price AA Meter
Price AA Meter

Price AA Meter
Price AA Meter
Price AA Meter

Price AA Meter
Price AA Meter
Price AA Meter

Price AA Meter
Price AA Meter
Price AA Meter

weir
weir
weir

Weir
weir
weir

Test
Date

23-NOV-88
02-Dec-88
07-Dec-8B

Mean

23-NOV-88
02 -Dec -88
07-D6C-88

Mean

23-NOV-88
02-D6C-BB
07-D6C-88

Mean

23-NOV-88
02-D6C-88
07-D6C-B8

Mean

23-NOV-88
02-D6C-88
07-D6C-88

Mean

23-NOV-88
02-D6C-88
07-D6C-88

Mean

streamflow
velocity
(MJ/sec)

1.9
0,8
0,8

1,2

2.6
2.7
1,0

2.1

2,5
2,2
2.0

2,2

6,2
2,0
2,1

3,4

4.2
3,0
3,4

3,5

$R30I79I
•\

3,5
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4,0 CHEMICAL ANALYSIS OF SOILS

n Several investigations hive been conducted for the purpose of investigiting
the pretence of volatile organic constituents within the surficial and deep
aoilt ai deicribed previouily in Sections 3.1 and 3.2. The reiultt of thii
work will be discussed in the following lectioni.

4.1 SURFICIAL SOILS

Samples were collected from 94 locitioni immediately around the landfill in
order to determine the areai extent of volatile organica within the lurfl'ciil

I loili. The diitribution of the tamplet wai extended until areai of volatile
organica had been completely delineated on tht baait of a field meaiurarmnt

i with a HNU PID meter referenced to benzene, Tht reiultt of the photoioniztr
diti art plotted on Figure 4-1,

The presence of volatile orginlcs within the turficial toils has been
identified in several areas iround the lindfill, Severil of theie ireai

^ correspond to the so-called "seep" areas in which itanding water containing
O1 volatile organici hat been obierved, This is the cue in the areas
| immediately northeast, north and louthwest of the lindfill, Then laveli,

expressed in HNU units, ringe from 5,0 up to 92 but are typically much lower,

The most significant area of volatile organici within the surficial toils ia
located immediately toutheait of the tite. One possible explanation for this
irei it spillage from truckt entering the tite it the time of lindfill
operition. The highest levili of volatilai in this area range up to 300 ppm
HNU uniti in •' sample located very close to the lindfill.

I A number of duplicite toil ttmplei were telected for confirmatory laboratory
• analysis. Soil samples were selected from each of the areas identified to
I contain volatile organic toils as well 11 from bickground iren. The originil

toil samples collected in 1984 were inidvertently contaminated by .the
liboratory, Replicate samples were collected in April, 1985 from the selected

| umple locations, PID meter diti from these replicite 1985 tampJej^ fomuul
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very clouely to the 1984 data. The samples were analyzed for volatile
organics, the results of which are tabulated on Table 4-1, The laboratory
data correlates closely with the field (PID meter) data, thus lupporting the
validity of the field data and the atiociated depiction of the diitribution of
volatile organics within the surficial soils (Figure 4-1),

Seven additional soil templet were collected in 1988 from areai ihown by the
1984 FID data (Figure 4-1) to contain the higheit levels of volatile
contamination, These iimples were tubjected to laboratory analyaea for the
TCL volatile organici tcan ai a re-confirmation of tht prtvioui analysts
(Ttbla 4-1), Theie data are preiented on Table 4-2, Tht parametera dettcttd
in thii TCL scan compare favorably with the 1985 data,

The volatile constituents within the surficial toils can be characterized on
the baiii of the 1985 and 1988 laboratory data. Tetrachloroethene hat betn
ahown to be the most abundant constituent with concentrations being dettcttd
in 12 simples at values up to 620 ppb, Toluene wen detected in four samples
st 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 in more than one sample and was detected in three simples at
concentrations ranging up to 5.3 ppb, Benzene ind methylene chloride were
found in only one sample each at concentrations of 6,4 and 8,0 ppb,
respectively,

4.2 DEEP SOILS

Deep toil samples were collected with the aid of a test boring drill rig ai i
part of two leparate investigation*. The first investigation iddrened the
perimeter irea immediately southeast of the lindfill. The tecond
investigation focuied upon the groundwiter plume extension area north of the
landfill.

4.2.1 Landfill Perimeter Boringa. Four deep test borings were drilled in
order to determine the depth to which volatile organics had leneAnttety At*
soils in the landfill perimeter area located immediately southeast of the
landfill. Soil samples from the borings, dosignited B-84-1 through B-84-4,
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were analyzed in the field with the PID meter, Samplei were selected from
( \ each boring for confirmatory analysis in the laboratory, Because these toll

umplei were also inadvertently contaminated by the laboratory, duplicate
borings were conducted the following year, designated B-B5-1 through B-8J-4,
for the purpoie of recollecting toil iimplet for laboratory analyala, The
laboratory data are preiented on Table 4-1, The complete photoioniier data ia
found on the boring logs in Appendix A,

The data indicate that the most ilgnificint levelt of deep toil contamination
occur in boring B-85-2 located on the hill approximately 70 feet aoutheaat of
the landfill, Volatile organics, quantified ai HNU uniti, 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 toil contamination wai not aa
extensive in the other borings, with Boring B-85-3, alto located on the hill,
ihowing the lowest levels of contaminants,

G
The volatile constituents Identified by the selected laboratory analyse! of
the deep soils are very ilmilir to thote for the turficial loili,
Tetrachloroethene was found in a number of deep samples it concentrationa
ranging up to 51.7 ppb, Scattered low level detections of ethyl bentene,
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 was at that time, an

apparent water quality anomaly in monitoring well W-20B. The boringi were
I used to collect both stratigraphic data and alto data regarding the pretence

of volatile organics in the soils, The toils were not believed to be
I contaminated, per se, as are the soils on the landfill perimeter. Rather, the

toil pores were believed to be filled with groundwater containing dlitolved
, volatile orginics of « "plume extension", In this wiy, determinition of

volitile organic! in the soil levels served as an indicator for the
ipproximate delineation of the plume extension so that additional perimeter
detection wells could be intelligently sited, /ifiSfi

O
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The geologic data obtained from the teat boringi aided greatly in the
determination of ttratigraphic conditions in the area north of the ilte, (*[)
Theie data have been diicutsed previously, ""

Volatile organic leveli in the toil umplei were determined with the uie of
tha PID meter. Theie data indicated the approximate configuration of a plume
ixtiniion in the witer table and intermediate water-bearing zonei, The
individual photoioniter data are preiented on the boring logi in Appendix A,

Tha conditioni of the plume exteniion at it wai defined by tha 1966 tait
boring data are depicted on Sheatt 10 and 11 of 21. Theie mipi hive bien
prepared by plotting the higheit leveli of reliable PID data, exprened at HNU
uniti, in or nearly adjacent to etch of the turficial and intermediate tenet
and contouring the results, The reiultant depictions cloiely match tha
obierved atratlgraphic conditioni. That is, volatile organic leveli have been
identified in thoae areai in which the Miumee III C and the adjacent coaraa
grained toili ire shown to be thickest. Therefore, it appears that tha
configuration of these units has i controlling influence on the migration of
the plume exteniion, bated upon the teit boring data. ffi\

Three additional perimeter detection well cluttert, 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 simples 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, tome difficultlei with both the PID meter data and
laboratory data exist, at listed below.

• Detection limits of initial laboratory analyses uiing conventionil GC
methodi ivailable at that time were insufficiently lentitive.

• Several field data (PID meter) measurements were unreliable rJwgeAyio
due to temperature, humidity and other conditions thit are. noted on /""•
the boring logi, 4-10 ^^^
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• Apparent low level laboratory contamination of discrete batchea of
laboratory tamplei with icetone ind/or methylene chloride,

Those dou thit" have not been aubject to the above mentioned conditioni. ara
presented on Table 4-2,

AR30IB03
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5,0 GROUNDWATER QUALITY

The perspective gained by the analysis of groundwater flow conditioni hai
aided greatly in the interpretation of the groundwiter quality dati, Thia hai
allowed the interpretation and prediction of groundwater contaminant flow in
ditcrete hydrogeologic zonei,

Groundwater impacts have been identified primarily in the water table and
Intermediate Zonei, However, contimininti ire obierved to be migrating from
the tite primarily within the Intermediate Zone, Theie impacts will be
ditcuiied in detail in the following tectloni,

A variety of compoundi have been identified at the tite including both
metals ind orginic constituents, The organics primarily include a luite of
hilogenited ind non-hilogenated volatile organics, Thia observed pattern of
plume constituent! hat not been tignificintly chinged with the adoption of new '
analytical protocols in mid-1988, Laboratory analyses ire now run for the TCL
parameters following CLP protocols, Prior to 1988, a smaller group of

I .' volatile organics, metals, and Indicator parameters were analyzed, 11 lilted
on Table 3-1,

The laboratory data have been summarized on a series of tables, These lummiry
i tablet ire presented Appendix F,

Selected data have been presented in tables contained in the text, The
1 individual TCL volatile organic data are presented separately for groupi of

welli in each of the three water-bearing zones and the Residentiil welli on
Tablet 5-1, 5-2, 5-3, and 5-4. The semi-volatile data are preiented for etch
of the three water-beiring zones on Tables 5-5, 5-6, and 5-7. The metals data
are preaented in a teries of statistical summaries on Tables 5-8 through 5-12.
Other parameter groups for which analyse! were conducted hive not been
included in the tables contained in the text (Appendix F). These include the
specific metilt dita, and the baie/neutril and acid extractable orl*[?*<!!} | OfiS
referred to herein as aeml-volatiles.

O " ^; "
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Many of the tentatively identified volatile and teml-volatile organic ^
compounds from the GC/MS library search have not been individually tabulated. V,J
Rather, the turn of theie detectioni hat been lilted in one column.

The Hit of lemi-volitile organic compound! ii too long to efficiently preient
all of the data. Accordingly, only thote lemi-volitlle compoundi that have
been poaitively detected have been tabulated. Any others cm be aatumed to be
non-detected. Peiticldei md PCBt were not detected in any of the analytical
umplei, At a reiult, thii group of compoundi hu not been tibulited.

Several notation! are utilized on the data tablet, Compoundi that have not
been detected are reported at "ND", Compounds that have been quantified by
the laboratoriei at leveli below the detection limit are reported limply with
a "BMDL" notation, The concentration value preiented on the laboratory report
hat not been preiented due to it't inherent unreliability, The liboratoriea
have ilio reported a number of simples with a "B" indicating that the internal
method blank sample aitociited with the particular analyses contained tome
level of thii compound Indicating inadvertent contamination of the umple in
the laboratory, Theie "B" notations are reported on the data tables,

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

5.1 PARAMETERS

5,1,1 Organic Compounds

A group of halogenated md non-hilogenited volatile organic compounds hai been
identified by the CLP analytical protocols that are presently employed to
analyze the ilte groundwater iimples, This group includes primarily methyl
iiobutyl ketone (MIBK), 4-methyl-2-pentmol, icetone, methyl ithyl katone
(MEK), vinyl chloride, trani-l,2-dichloroethene md tetrahydrofuran (THF), In
addition to each of these compounds, the GC analytical methodology that wai
employed prior to 1988 had identified tignificent concentrifcEn-0JfOOp
cyclohexmone, 2-butanol, isopropanol and tetrachloroethene that ar,e not

15-2
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detected uiing current analytical methodology, Theie compound! corretpond
well to the typei of wattei known to hive been ditpoied in the lindfill, In
thii way, the varioua ketonei are ihown to be the predominant organic
conttituenti,

Several other volatile organic compoundi that have been obierved in the
laboratory data are believed to repreient laboratory contamination rather than
actual chemictl parameter! preient in the umple. The most common of theie
are methylene chloride, chloroform, and variout chlorofluorocirbont. THF and
acetone were alto occtiionilly obierved ai lab contaminanti. Many of theie
compoundi are very common laboratory lolventi and refrigerant!, Furthermore,
the Lord laboratory routinely handles large quantities of THF. Despite the
uie of the mott ttringent laboratory practice!, inadvertent contamination of
umplei by theie compoundi ii not unusual. Hmy of theie occurrencei have
been noted by the lab with a "B". This notation indicates thit the pirticular
compound hat alto been found in an associated lab blank umple thut railing a
question at to it's actual presence in the sample, However, the absence of
tuch a "B" notation for other samples does not ensure that a umple hat not
been inadvertently contaminated in the laboratory, as well, This ii becauie
the method blank that is run every ten samples provides only a snapshot of the
entire laboratory procedure, Furthermore, the presence of a "V notation doea
not automatically mean that the umple does not contain thit compound, at in a

I .umple that containi a much higher level of a compound thin it could ever have
received due to unintentional contamination, Therefore, it it apparent that
tome 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 sevenl exceptions, lemi-volatile constituents that repreient actual
conditions have not been detected in groundwater samples collected from the
tite. The exceptioni include the low level detections of benzo (k)
fluoranthene and benzole acid in several of the plume welli locited very dote
to the margin of the landfill, ART I Pfl7
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Inidvertent laboratory contamination wit obierved in the majority of the _.
lemi-volatlle organic iimples. This wit primarily represented by varioui '-..„.'
phthilite compounds which ire inherent contiminanti of virious materiala uied
in the laboratory in the analysis of semi-volatile organic compounds.

The characterization of the tentatively identified compounds ia more difficult
than the above described phthalate detections. Both known and unknown
tentatively Identified compounds have been indicated in nearly all of the
umplei, No pirtlculir pattern of the tentatively identified compoundi hii
been obierved between groupi of welli believid to be in the plume and thoae
thit are clean bated on other parameteri. In fact, the only pattern that hat
been obierved relatet more to chronological groupi of analyiei than to a
particular group of welli. Thii would tuggeit tubtle conditions relating to
the tuning of laboratory inttrumentation that may be conttant during a
particular analytical run, In summary, the tentatively identified
lemi-volatlle organic analyiei provide little additional insight into the
chiricterization of the parameter! contained in the tite groundwiter plume,

The primary plume constituents at the Shope'a tite ire volatile orginic
compoundi, However, a number of inorganic compounds principally coniitting of
a group of metals and chloride have been noted in wells instilled in the plume,
Earlier dita showed that the combined effects of these md other compoundi
terve to elevate the TDS md Specific Conductance levels in the plume.
However, these compoundi have not been shown to be as lentitive as the organic
constituent! 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 umplei collected prior to
September 1986, particularly for the plume wells, are bated upon unfiltered
umplei, Therefore, these metals diti hive been viewed with a degree of
lutpicion and have not been utilized in the statistical evaluation of metali,
Furthermore, the samples collected prior to 1988 included analyie^ ponly f or
five metals including arsenic, barium, cadmium, chromium, and W-ir? The TCL
parameter! list now in effect includes a much more comprehensive list of Cjy
metalt, y
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C The toluble metals dita collected ilnce September 1986 have been statistically
evaluated, This evaluation is described below,

For the five original teited metala (irsenic, barium, cadmium, chromium, and
lead), there are typically three to five umplei from etch well, enough to
perform direct itatiitical comparitont with the background welli, For the
•even metali added at a part of the TCL malyies (antimony, cobalt, copper,
mercury, nickel, vanadium, and zinc), there it typically only one umple per
well, and data from leveral welli muit be combined to perform the itatliticil
analyaei. The plume welli are an exception; they have been aampled frequently
ilnce 1988 and lufficient diti are available for all metali without combining
welli, A compilation of all the metals data is given in Appendix F,

Most metala have results ibove the detection limit in moit wells, including
the bickground wells. This makes itatistical analysis pouible, but it it
ttill neceiury to deal with those retultt that ire reported u below the
detection limit. The detection limit used was tometimet slightly different

_^ for the different laboratories and sometimes for the same laboratory on
(̂ _J different dates. This has made interpretation of the non-detects difficult.

Therefore, the approach used was to assume the CLP detection limits for all
I iimples and to set non-dotects to one-half of this value, One result of thii

choice is that a number of reported concentrations are lower than the
I 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 where
non-detecta are frequent (more than about half the total number of umplei) in
which cite the ttititticil results should be viewed with suspicion, Of the
metils teited, the data for mtimony, cobalt, mercury, and nickel have a very
low percentage of detection! md the ititittical results ire uncertain, The
data for arsenic, cadmium, copper, lead, and vanadium have a higher percentage
of detection!, and the itatistical results are more reliable, but ttill
tome what suspect. The data for barium, chromium, and zinc hive very few
non-detecti and the statistical results should be relatively unaffected by
them.

AR30I8.09
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At i tint ttep in the ttitistical analysis, the mean and itandard deviation //—.
were calculated for each metal and well, or group of wslln (ie« reiulta in v.l
Appendix G.) In many caiei there ii enough acatter in the meaaured
concentrations to make the itandard deviation larger than the mean value. At
diicuued in Section 3.1.5, the log-normal diitribution la more appropriate in
auch caaet, For coniittency and ilmplicity, the log normal traniformition and
geometric mean were uied in analyzing all metali In all welli, Thii la
appropriate ilnce, in caiei where the dita ire not acattered and a log
tranaformation it not required, there ii little difference between normal and
lognormal dittributloni md between mean and geometric mean valuei.

Statistical analyiei were performed leparately for the witer tible,
intermediite, and deep water-bearing zonea, and the reiidential willi.
Severil older welli apparently apan both the water table and Intermediate
Zones, Of theie, well W-5B was uiigned to the Witer Table Zone, and walla
W-33 and W-34 were auigned to the Intermediate Zone for the purpote of thii
anilysis, In fact, in the vicinity of welli 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 welli were
arbitrarily auigned to the Water Table Zone for analysis but will be
discussed separately below.

Each well, or group of wells was compared to the bickground wells uiing three
itatistical testa, the parametric Student'i t test, the non-pirametric
Mann-Whitney test, and the test of proportions. The first two teiti were
performed in ill cites, but the test of proportions was only performed in
caiei where there wis i high percentage (>50I) of non-detecti in the data, in
which caie it may be the mott reliable teit, The teita were one-tailed ilnce
only concentrationi higher than background are of intereit,

The selection of the let of background wells in each zone requirea further
diicuttion. The most ippropriite choice for a particular zone would be all
welli up-gradient of the landfill in that zone. There it no problem in the
Deep Zone where there are four up-gradient wells and therefore at leatt four
umplei for all metals. However, in the Water Table and IntermeiHrtir fflctift I Q
there is only a single up-gradient well (W-26A and W-26B, respectively) in'
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each tone, These welli hive been sampled only twice aince analysis of all 12
metala began in 1988, 10 there ii insufficient diti for a good ititiitlcil
compariton. In order to hive enough data, the early warning welli, W-29,
W-30, and W-31, were added to the background aet in both the Water Table and
Intermediate Zonei. The eirly warning welli were lelected becauie they are
the furtheat downgradient welli and, therefore, the lent likely to hive been
impacted by the landfill, Furthermore, they are far beyond the outer
perimeter detection wells which yield no ilgna of any volatile organics, and
metali are, in general, less mobile than organici,

Ai an added check of the background wells, data from well W-26A hai bien
ititiitically compired with the eirly wirnlng welli for the five metilt for
which aufficient diti exitt (Tible 5-8), An equivalent compariion for the
Intermediate Zone wai ilso made, as preiented on Table 5-9, Here the teita
are two-tailed since any departure from equality ii of interest, At the five
five percent level of confidence, the barium concentration it ilgnificantly
elevated relative to W-26A and W-26B in all three early warning welli,
Artenic concentrations are significantly elevated in well W-30 relative to
both W-26A md H-26B, Artenic in well W-29 and lead in well W-30, are
significantly elevated relative to well W-26A only, The ilgnlficant
differences found for barium appear to be partially explained by the unuiuilly
low levels in well W-26A and W-26B, Arsenic concentrations are also unuiuilly
low 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 landfill, for reasons noted
above, and may instead reflect natural variations in soil metali
concentrations. As will be teen liter, uiing the early warning welli u pirt
of the background let does not prevent the detection of significantly elevated
barium and arsenic concentrations in the plume wells,

The reiulti of the ititittical analyiei are tummirized in Tablet 5-10, 5-11,
and 5-12 for the Water Table, Intermediate and Deep Zonei, respectively.
Detailed itatiitical results are presented in Appendix G, The tablet give
geometric meani for each metal in each well and for each group of welli, Alto
indicated are the calculated significance level of the diffeftAAQihOmkih
concentration between etch well md the background wells; three asterisks
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indicatei tignlficince at the one percent level, two iiteritkfi indicate
lignlficance at the five percent level, and one asterisk is used to ihow (^ |)
pottible ilgnificince at the five percent level, Note that in caiei where
there wai only one umple for a well (indicated by parentheses around the one
meiiured value) no atteiiment of significance wai made, Since two or three
tettt were performed in each caie, they aometimei diugreed on the
aignificance of the results. Since the Mann-Whitney teat ii independent of
the choice of diitribution and lets lens Hive to extreme values thin the
t-teit, it wia accepted when it ahowed a higher aignificance level than the
t-teat. More typically, the t-teit indicited a higher aigniflcance level than
the Mann-Whitney, If thia occurred around the five percent level, one
uteriik wu auigned to ihow poulble ilgnificance. If the disagreement wai
at the one percent level, three aiteriiki were auigned if the Mmn-Whitney
reiult wia lesi than two percent, otherwise two asterisks were auigned, The
results of the test of proportions were also considered in the few caiei where
it wu appropriate: leis than 50 percent detections, but at leait five
detection! total,

5.2 WATER QUALITY DISTRIBUTION

The diitribution of water quality constituents within each water-bearing zone
will be discussed in this section, The interpreted distribution of organic
constituents is based primarily upon the TCL data collected during 1988 and
1989, Pre-1988 organic diti are also discussed in order to place the ilte in
an historic framework, The metals distribution is based upon the period
during which soluble (filtered) metals data have been available, that ii, from
September 1986 to the preient,

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

The groups of wells and their approximate dates of reliable data availability
are lilted n follows;
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6 Plume Wells Aug. 1982 - Dec,1985, 1988 - Preaent
Plume Extension Wells Jan. 1986 - present

-,--
Cross-Gradient Wells Aug. 1983 - present
Perimeter Wells Jan, 1986 - preient
Background Welli Sep. 1986 - preient
Early Warning Welli Aug. 1986 - preient
Reiidentiil Wells Nov. 1986 - preient

5.2.1 Water Table Aquifer

5,2.1.1 Volatile Organic Compoundi (Water Table), Primary impacts upon
witer quality in the Water Table Aquifer have been obterved only a relatively
ahort distance put the downgridient margin of the landfill on the baaia of
volatile organic compounds, However, a low level volatile plume hat been
identified to emanate from the landfill 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 beciute the compounds in various areas of the plume vary

I widely from one another. For example, of the wells located close to the
landfill, W-9WT showed that trans-1,2-Dichloroethene and trichloroethene are

( t h e primary constituents, W-1WT showed 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 teen in well W-21A which hat
ihown very low levels of tetrichloroethene, MIBK, and 4-Methyl,2-Pentanol in
one sample and was free of volatiles in other samples, and in W-32A, which had
a very low level of trms-1,2-dichloroethene in one sample but wu clam in
another,

The observed heterogeneity of constituents may reflect the fict thit wittet
contiining different compounds were disposed in different ireii of the
lindfill, Furthermore, the heterogeneity may be explained in that the plume
is fairly mature and that the detection of different compounds^tfniiUtrml

C«) Vi •reaa of the plume may reflect varying constituent migration rates as well .u
.-•| the breikdown of various compounds,
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The total volatile orginic plume, based on the 1988-89 TCL data, hat been
mapped, as presented on Sheet 20 of 21. More than one tet of snmple data are (k |)
available for most of the welli that have been characterized, A total
volatile organic value was determined for each well by summing the
concentritioni of each of the detected compoundi from the moit highly
concentrated umple available for each of theie welli. Compoundi that have
been ihown to repreient laboratory contaminanti, u deicribed previously, have
not been included in this lummttion. Using only the diti with the higheit
leveli of volatiles for the group of iviilible dita provide! i very
coniervitive depiction of the plume. In fict, i number of welli which are
mapped with a positive detection of volitilei ihowed nondetectable analytical
results from other sample dates,

Volitile orginic constituents within the Witer Table Aquifer likely migrate
downward into the underlying lemi-confined, Intermediate Wtter-Beiring zone,
Thii movement occurs under the influence of the lubitantial 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 hid been previously chiracterized bated upon TVO scan data obtained
from 1983 to 1987. Theie data ihowed thit the water table plume in 1987 wai
located only at the immediate margin of the landfill ilte, Furthermore, the
data ihowed 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 hive not been
plotted on this figure lince the TVO icm data by GC cannot be directly be
compared to the aum of the TCL volatiles, The fact that the water table plume
it now ihown to be further from the tite (Sheet 20 of 21) than previoualy
deicribed may be due, in part, to the fact that the plume may be continuing to
migrate from the lite with little additional contribution from the landfill,
Furthermore, subtle differences in the laboratory method! may alio contribute
to the mapping difference, Finally, the auumptions that were uied to
conttruct the current witer table plume map are more coniervitive than thote
uied in the previous characterization of the plume,

AR30I8H*
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5,2,1.2 Other Organic Compoundi (Water Table). Semi-volatile organic
compoundi were detected in only three sample! collected from three plume welli,
Semi-volitiles In the Water Table Zone have been characterized by the pretence
of Benzo (k) fluoranthene in plume welli W-1WT and W-3WT at leveli ranging up
to 52 ppb, Thii compound wti alio detected in one umple from well W-39A at a
level of 48 ppb, Thii type of compound ii commonly aitociated with coal and
petroleum derivativei which may or may not be be related to the landfill,

PCBi md Peaticidei were not detected in any wells in thii zone,

5.2,1,3 Metala (Water Table), A itatiitical analysis was performed on
metals data from wells in the Water Table Zone. As discussed above, the
background aet consisted of data from well W-26A and the early warning welli,
W-29, W-30, and W-31, Compared to this background tet, Table 5-10 indicatei
thit significantly elevated concentrations were found in acme crois-gradiant
wellt and in plume welli W-1WT and W-3WT. There were no elevated
concentrations in my of the perimeter wells, In the cross-gradient wells,
arienic 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
well! are combined, arsenic, chromium, copper and vanadium are significantly
elevated at the 1 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 ihow significantly elevated concentrations are antimony and mercury, which
are not detected, and barium and cadmium. Theie 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-1WT
(geometric mean, 514 ppb, compared to background mean of 140 ppb) and mercury
may be elevated there. Arienic md chromium miy be elevated in well W-3WT,
No ilgnificintly elevated concentrations appear in any other plume welli. The
result* from the plume wells are consistent with previous results,

O
AR30IO
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5.2.2 Intermediate Zone O
The Intermediate Water-Bearing zone provides the primary conduit for the
movement of constituents from the tite, A plume his been defined emanating
from the ilte md moving toward the north and northweit under the influence of
the direction of groundwater flow.

5,2,2,1 Volatile Organic Compoundi (Intermedlite Zone), Croundwater
quality within the Intermediate Zone hai been chiricterized on the baaia of
the TCL volatile organic data available from umplei collected in 1986 and
1989, These data have been difficult to characterize for many of the aame
reaaont at deicribed previously for the Water Table Zone, In particular, the
concentration! of the detected parameteri have been obierved to fluctuate to a
lirge degree, However, the singular identity of the volatile conttituenti
obierved 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 - p e n t a n o l , i c e t o n e , MEK, v i n y l c h l o r i d e ,
trans-l,2-dichloroethene, and THF.

The total volatile organic plume in the Intermediate Zone his been mipped
bated 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 each of
the detected compounds from the most concentrated simple 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
volatile: 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 21 are well
defined. The downgradient end of the plume ii bounded with perimeter welli
thit have either not shown the detection of any volatiles or have indicated
only the one-time detection of low level volatiles, as in the ciu.o£ xtHs..A R S O l S l b
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W-21B md W-22B. Furthermore, the volatile! obierved to the east cannot be
attributed to the landfill at theie wells are clearly located in a
crou-gridient direction from the ilte,

The groundwater plume at depicted on Sheet 21 of 21 is quite comparable to the
Intermediate Zone, Soil TVO laocon Map (Sheet 11 of 21). The Soil TVO iiocon
map waa previously prepared baied upon P.I.D. diti obtained from toil boringi
drilled in 1986 at a preliminary meant to identify the approximate boundt of
the volatile organic plume. The limilarity of theie mipi indicatet that the
uie of loll TVO meaturementi wu lucceuful in thii preliminary definition of
the plume.

The Intermediate Zone groundwater plume cm be aeparated into several diitinct
areai, Much of the plume ii migritlng slowly to the northwett within the
moderitely low trmsmissivity materials that constitute the majority of the
Intermediate Zone. In addition tome low level volitlle organics ire preient
in m irea located east in i cross-gridient direction from the landfill.
However, most of the plume is likely migrating more rapidly through the area
of higher tranemiisivity directly north of the landfill.

I 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, ai
previously mentioned,

I Low levels of volatile organics consisting of tetrahydrofuran (THF) have been
obierved in several of cross-gradient wells located east of the site, THF has

I 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 welli ire

| contiitent with available historical data in which THF has been the primary
parameter that was observed previously on the basis of GC dsta, However, it

i should be noted thit the THF levels that ire currently observed in these welli
I are lignificantly lower than thote 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. BR30 I 81 7
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A low level of benzene, it 12 ppb, wu obierved in the initial umple
collected from the crosi-gradient eirly warning well, W-35B, Thii wu not

1 repeited in later samples and has been attributed to inadvertent contimination
' during drilling,

\
The hydrogeologic conditioni of the Intermediite Zone to the eaat of the
landfill are aimilar to the area northweat of the landfill In that groundwater
flowa to the northweit it a relatively alow rate. However, on the baiii of
theie data, it la difficult to directly attribute theie detectioni of
volatilea to the landfill due to it'i crou gradient poiition with reipect to
thete welli, The pretence of theie volatilei may be due to ipillage that may
have occurred along the lindfill access roid.

The conditions of volitile orginic migrition in the area north of the landfill
: are tomewhit different than that deicribed previously for the ditcrete Water

Table and Intermediate Zonei. This northern plume his migrated a greater
distance past the landfill than the other portions of the plume. Thla
movement is believed to be under the influence of the higher hydraulic

j conductivity conditions that hive been identified in thii area, In addition,
the lepiration between the Water Table and Intermediate Zones ii not ai
pronounced at hai been obaerved eliewhere on the tite, The two witer-bearing
zone! behave almost aa one within the area directly north of the landfill,

The water quality data available for wells W-20B and W-34 repreient the
typicil TVO levels in thii northern plume, Vinyl chloride hat been
consistently obeerved in well W-20B it concentritions ringing from 200 ppb to
2,400 ppb. Other detected compounds hive included acetone and THF. Samples
from well W-34 have contained lower leveli of vinyl chloride it concentrations
ranging from ND to 23 ppb, Other compounds observed in W-34 include MIBK,
acetone, THF, and 4-methyl, 2-pentanol it i totil concentration of 1,500 ppb,

Other witer quality data ihow thit the volatile orginic leveli decreiie
rapidly to the north, Therefore, theie northern areai may repreient an area
of low level "fringe" contamination, An exception to thii ii well W-36B,
where trans-1,2-Dichloroethene wis observed in one simple at 1,200 £fk',w(jji|1*3
other temples from this well have been free of volatilea, AROU I 0 I 0 /•""
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I T h e Intermediate Zone and the overlying Water Table Zone appear to behave at
one combined unit in the area that containi the highest leveli of volatile
organici, In thii area, volatile! migrating through the Intermediate Zone can
move upward under the influence of the observed upward vertical gradienti,
Thua, the migration of contaminantt miy be partially controlled by the more
highly tranimistive but literally discontinuous units of the Witer Table Zone,

, The migration rate of the plume in this northern area is controlled primarily
by the localized atratigraphic conditions obierved during thii inveitigation,

( The rate of groundwater movement in the vicinity of well W-34 probably
provides a maximum plume travel rate in that depoiiti have been obierved to be
thicker (Sheet 13 of 21) and more coarae-grained in thii area than in other
areas of the site, Thii localized migrition rite miy be estimated with uie of

I Equation 3,16, Uiing hydraulic conductivity for this area of 1 x 10~3 cm/tec,
an obierved hydraulic gridient of 0.02 md i poroiity of 0.3, thii yieldi a

. maximum flow rate of approximately 70 feet per year. In fact, thii ii very
| consistent with the obierved migrition of the volatile plume.

O The constituents in this northern plume will probably not migrate into a
regional flow tyitem tuch that they would impact exitting downgradient
residential welli. The preient maximum extent of the plume hai been defined
by the uncontiminited conditions of perimeter well clusters W-27 (A and B) and

I W-3 2 (A and B), If the plume migrated beyond the perimeter welli, it it not
likely to preient a threat to the downgradient residential wells, This it due
to naturally occurring attenuation mechanisms and to the fact that a
tignificant amount of the plume would be expectud to discharge to the stream
due to the obierved upward hydraulic gridient.;. Furthermore, the anticipated
remedial efforti deicribed in the Feasibility Stm'y (FS) report will pull back
thii plume through the instillation of pumping ,-ells, thut preventing any
aubttmtiil future migrition.

I The Intermediate Zone groundwiter plume wu previous! characterized on the
bull of GC TVO tcm diti obtiined from 1983 to 1987. Tiese diti ihowed water
quality improvementt in i number of Intermediate Zone me i tor ing welli located
close to the lindfill, as depicted on Figure 5-2, The m^AOraceM . TCL
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volttile organici 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, (\

1V,"''
thii trend cannot be confirmed out to the preient time,

5.2,2,2 Other Organic Compoundi (Intermediate Zone), Semi-volatile
organic compoundi were detected in only a limited number of umplei collected
from the Intermediate Zone welli, Benzo (k) fluoranthene wai detected in two
welli located at the margin of the landfill, W-lA and W-3, at leveli ranging
up to 57 ppb, This compound was also detected in one umple collected from
well W-39B at a concentration of 55 ppb. In addition, benzole acid at lavilt
ranging up to 4300 ppb was detected in well W-3. No other aemi-volatilea ware
detected at leveli above the detection limit,

PCBt and Peiticidet were not detected in my welli in this zone,

5.2.2.3 Metalt (Intermediate Zone). The itatiitical analyiii of metali
in the Intermediate Zone utilized a background let consisting of data from
well W-26B and the early warning wells, W-29, W-30, and W-31, Relative to
thii bickground data, the statistical analyses Indicate (Table 5-11)
aignificantly elevated concentrations of arsenic in tome perimeter welli,
especially, W-32B and W-23B (geometric meant 5.5 ppb and 3.8 ppb,
retpectively, compared to background mean of 2.5 ppb), Lead is also elevated
in W-32B (geometric mem 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-8A for araenic (geometric means 6,5 ppb
and 7,7 ppb) and W-5A for lead (geometric mean 65 ppb), Ai in the Wnter Table
Zone, theie results are difficult to interpret, but the fnirly large
percentage of non-detects in the data for both arienic and lead miy be
affecting the reiults,

The reiults for the plume wtlli are consistent with earlier results. Barium,
for example, has geometric mean concentrations as high as 5,800 ppb in welli
near the landfill and lower concentrations further away from the landfill,
Theie barium concentrations are mapped on Sheet 19 of 21. The elevated barium
concentrations are significant at the one percent level in frft&O t-S'vQ
W-3, W-20B, W-33, W-34, and W-39B (geometric means 1,200, 5,800, 4,100, 600, S~*.
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O
1,300, and 1,500 ppb, respectively, compared to background mean of 60 ppb).
Other metali which have lignificantly higher concentrations (it the 1 percent
level) in plume wells are cadmium in W-20B (6 ppb, compared to 2,5 ppm
background), chromium in W-39B (64 ppb, bickground 12 ppb), copper in W-3
(365 ppb, bickground 36 ppb), and zinc in W-1A (4,100 ppb, background
600 ppb). When reviewed on an individual well bails and including pouibly
tignificint reiults at 5 percent or leu, well W-1A ihowi elevited
concentrations for 9 metali, well W-3 for 4 metals, wells W-20B and W-39B for
3, well W-33 for 2, md welli W-4A and W-34 for 1 each. Thii ii roughly
coniittent with the distance of the walla from the landfill and the previously
determined boundaries of the plume,

5.2,3 Deep Zone

i 5.2,3.1 Volatile Organic Compoundi (Deep Zone), Water quality in the
Deep Zone hat been ihown to be unaffected by volatile organic conitituints

I ' from the landfill, This conclusion is bited lirgely upon the result! from
newly inttilled Deep Zone well W-6B which ii 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,
bickground locitioni in the Deep water-bearing zone, The upgradient welli in
the Deep Zone include W-7A, W-21C, W-22C, and W-27C,

The deep water-bearing zone has always 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, n R n fl 1 R? I
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Two Deep Zone wells located immediately upgradient of the landfill, W-l and
W-3C, have previously contained lubstintial levels of volatile organici. /*"N
However, this his been shown to represent vertical leakage through the wrll'i v"
annular seals, rither thin evidence of witer quality degradation in the Deep
Zone, On this bills, welli W-l ind W-3C were removed u previously deicribed,

5,2,3,2 Other Organic Compoundi (Deep Zone), Semi-volatile organic
compoundi 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
aample from each of welli W-23C and W-27C. However, neither of theie
pirameteri have been obierved in any of the plume welli, Moreover, theie are
not located in a downgridient direction from the landfill,

PCBi and Pesticides were not detected in any wells in this zone,

5,2.3,3 Metala (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 ire classified is cross-gridient, Statistical tests Indicate (Table /?>,
5-12) that there are no significantly elevated concentrations for any metal in '
the downgradient well, This finding is consistent with the organic dita that
indicated no impact of the landfill on the deep water-bearing zone, A few
significantly elevated concentrations do show up in the cross-gridient 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 Reiidential Welli

A residential water supply well survey was conducted, as previously described.
Thii aurvey indicated that most of the residential welli are relatively
thai low and probably intercept the Water Table Aquifer and/or the Intermediate
Zone. Water quality data have been obtained from a number offi EkglQe|it_̂  2
wells, the results of which are described in the following sections,
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5.2.4.1 Orginic Compoundi, The volatile organic dita for 'the reiidential
water supply wells ire preiented on Table 5-4, No volatile organic compoundi
were detected in my of these wells it my time.

PCBs ind pesticides were not detected in my of the residentiil wells,

5,2.4,2 Metals. The metals data results for the residential welli hive
been statistically compared with the Witer Table Zone background let u
preiented in Table 5-1. Little would change if the Intermediate Zone
background aet were uied inttead since the bulk of the background data ii from
welli W-29, W-30, and W-31 in both aets. The reaults indicate no
significantly elevated concentrations for my metal in the residential welli.
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FIGURE 5-1
SELECTED WATER TABLE WELL DATA (TVO)

Jul-BS Jan-84 Aug-84 Feb-85 Sep-B5

D W-4WT + W-9WT 0 W-10WT A W-11WT

0
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FIGURE 5-2
SELECTED INTERMEDIATE WELL DATA (TVO)

S3 Jan~84 Aug-B4 Feb-E5 Sep-85Jul-8

D W-4 0 W-10 a W-12A
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TABLE 5-8
BACKGROUND METALS DATA SET

WATER TABLE ZONE
Non-detects were set to one-half of the detection l i m i t
statistics are for log transformed data

BACKGROUND SET: 26A
Number of Samples;

Number above DLI
Geometric Mean',

Mean of Logs;
Std. oev, of Logs:

DATA SET: 29

Number of Samples:
Number above Di:
Geometric Mean:

Mean of Logs;
Std. Dev, of Logs;

SIGNIFICANCE:
T-Test •• Equal var,:

Mann-Whitney Test:
Test of Proportions:

DATA SET: 30

Number of samples:
Number above Di:
Geometric Mean;

Mean of Logs;
Std, Dev, of Logs;

SIGNIFICANCE;
T-Test -- Equal Var,;

Mann-Whitney Test;
Test of proportions;

DATA SET: 31

Number of samples:
Number above DL;
Geometric Mean:
Mean of Logs;

Std, Dev, of Logs;

SIGNIFICANCE;
T-Test •- Equal Var,:

Mann-Whitney Test:
Test of Proportions;

Arsenic
11
1

2,578
0.917
0,101

Arsenic
3
1

1.842
0.611
0,529

0.0485
0,125

NA

Arsenic
3
2

3,420
1,230
0,271

0,0109
0,0299

NA

Arsenic
3
2

2,154
0,768
0,705

0,380
1,000

NA

Barium
11
11

66,180
4,192
0.458

Barium
3
3

237,83
5,472
0.223

0.000623
0,0127

NA

Barium
3
3

347.04
5,849
0,400

0,000104
0;0127

NA

Barium
3
3

537,35
6,287
0,114

0,000006
0,0127

NA

Cadmium
11
7

3.714
1,312
0,868

Cadmium
3
2

1,857
0.619
0.258

0.208
0,111

NA

Cadmium
3
2

1.854
0,617
0.266

0.207
0.130

NA

Cadmium
3
1

3.063
1.120
0.352

0,720
1,000

NA

Chromium
11
9

6.710
1.904
0.786

Chromium
3
3

7.650
2.035
0,682

0,798
0,640

NA

Chromium
3
3

9.983
2.301
0,910

0,465
0.755

NA

Chromium
3
3

'hî ntltoi-U
0.581

0.310
0,350

NA

Lead
11
4

5.376
1,682
1.070

Lead
3
1

5.724
1.74S
1,435

0,934
0,856
0,923

Lead
3
3

27.441
3,312
0.354

0,0262
0,0199
0,0507

Lead
3
2

i nl<#7
I85lh

1,141

0.494
0.546
0,347

5-55

'" pagt filmed In ttii4 f*apea4. not;:ft4:,*'Md.̂ tt__M..Û ^
label, It 14 due to 4ub4tanda*d colo* o* condition of the original
• ' • ' ' ' • ' " "



TABLE 5-9
BACKGROUND METALS DATA SET

INTERMEDIATE ZONE
Non-detects were set to one-half of the detection l i m i t
statistics are for log transformed data

BACKGROUND SET; 268

Number of Samples:
Number above DL:
Geometric Mean:

Mean of Logs:
Std. Dev, of Logs:

DATA SET: 29

Number of Samples:
Number above DL:
Geometric Mean:

Mean of Logs:
Std, Dev. of Logs:

SIGNIFICANCE;
T-Test •• Equal var,;

Mann-Whitney Test;
Test of Proportions:

DATA SET: 30

Number of Samples:
Number above DL;
Geometric Mean:

Mean of Logs:
Std, Dev, of Logs:

SIGNIFICANCE:
T-Test -- Equal Var,:

Mann-Whitney Test:
Test of Proport ions;

DATA SET: 31

Number of Samples:
Number above DL:
Geometric Mean;

Mean of Logs;
Std, Dev, of Logs:

SIGNIFICANCE:
T-Test -• Equal Var,:

Mann-Whitney Test:
Test of Proport Ions:

Arsenic
11
i

2,500
0,916

0,000000

Arsenic
3
1

1,842
0,611
0,529

0,0507
0,0817

NA

Arsenic
3
2

3,420
1,230
0,271

0,000957
0,00714

NA

Arsenic
3
2

2,154
0,768
0,705

0,443
0,898

NA

Barium
11
11

31,735
3.457
0.492

Barium
3
3

237.83
5,472
0,223

0,000021
0,0126

NA

Barium
3
3

347,04
5,849
0,400

0,000006
0,0126

NA

Barium
3
3

537,35
6,287
0,114

0,000001
0,0126

NA

Cadmium
11
8

2,444
0.894
0,261

Cadmium
3
2

1.857
0,619
0.258

0,131
0,180

NA

Cadmium
3
2

1,854
0,617
0,266

0,132
0,156

NA

Cadmium
3
1

3,063
1,120
0,352

0,237
0,425

NA

Chromium
11
9

8,396
2.128
0,730

Chromium
3
3

7,650
2.035
0.682

0,847
0,938

NA

Chromium
3
3

9,983
2,301
0,910

0,734
0,876

NA

Chromium
3
3

11,302
2,4.5

0,531
0,436

NA

Lead
11
a

12.003
2.485
1.022

Lead
3
1

5.724
1.745
1.435

0.322
0.689

NA

Lead
3
3

27.441
3,312
0,354

0,203
0,115

NA

Lead
3
2

8.837
2,179

1 8'6 id1
0,660
0,526

NA

5'-56

* _ _due to 4ub4tanda*d colo* o*. condition .of the o*l3lnal
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6.0 SURFACE HATER QUALITY

Simples have bejj collected from the two small streams located somewhat more
distant from the site (Figure 3-4), Other miscellaneous samples have been
collected from the surface "seeps" and the various drainage swales and
springs, as indicated on Sheet 1 of 21,

Multiple water and bottom lediment samples have been collected from the two
small streams at the six stations designated SW-1 through SW-6, In addition,
a seventh station, SW-7, was also sampled less frequently, The pre-1988
surface water samples collected were analysed for ill 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). More recently, samples collected from theie
locations have been subjected to analysis for the TCL parameters, as preiented
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 samplei 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, repreient bickground locitioni with
respect to the lite, Three umple itations SW-5, SW-6, ind SW-7 ire 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 Compoundi

None of the surfece water samples indicated the presence of. jn^-vp^yLe
organic compounds except for one sample collected from background^ itation
SW-1 located at the Lexington Road culvert, This sample contained low levels
of tetrachloroethane, benfene, ind 1,1-dichloroethene (Table 6-1),

6-1
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Volatile organic compounds were slightly more prevalent in the sediment
simples, The background station, SW-1, indicited benzene, toluene, ind
2-butanol at concentrations of 20, 16, and 170 ppb, respectively, Theie
compounds ire indicative of the presence of petroleum compounds, is noted
below, Non-recurrent levels of volatile orginica were detected in leveral of
the small stream simples, 2-butanol 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 witer
simples than are the volatiles. A number of polynuclesr aromstics (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, 1986. This sample contained a 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 bickground 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 simples collected from the seven stream
stations are presented on Table 6-3. Statistical analyses hive been performed
on theie temples as per the methodology described previously.

AR30I669
" . 6-2

._ tkt pagt <tUmtd in tki4 fray.<,<_.. not * » , * ™
label, it it dut to tubttandand colon on\\condition ot tktt oniginal pagt<



The surface water metals data are characterized by a high percentage of data
recorded as non-detectable (ND), Tible 6-4 gives, for each metal, the number (j)
of samples above the detection limit and the total number of samples for each
station. Six metals, antimony, cadmium, cobalt, mercury, nickel, and
vanadium, have no measurements above the detection limit and can be eliminated
from further consideration. Two other metals, arsenic and copper, ihow only a
single detection of 13.7 ppb ind 12.J ppb, respectively, each of which were at
station SW-6, There is not sufficient diti 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 14 measurements) above the
detection limit. This is too low a detection rate for parametric tests, but
is enough for non-parametric tests, including the Minn-Whitney ind the test of
proportions. The Utter test is more reliable, but requires thit the diti be
combined into two sets; bickground data (SW-1 and SW-2) and test data
(nations SW-3 through SW-7). The results of the test of proportions are

•̂"V

given in Table 6-5; only zinc has a significantly higher proportion of detecti ^ \
l̂i-"-"'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
background 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-1 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 beforen mrrelv>l*|-<iAd
non-detects were set to one-half the detection limit, The table also /"^

6-3
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indicates that barium and arsenic are present at several locations at
significantly higher concentrations than background samples. Barium ii
lignificant at stations SW-3, and SW-6 with geometric means of 61,100 ppb and
76,900 ppb, respectively, compared to a background moan of 39,100 ppb.
Arienic 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 locations, 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-1 and SW-2), Both parametric (Student's t) and
non-parametric (Mann-Whitney) tests were used, The tests are one-sided since
we are interested in cases where the downstream locations hive higher
concentrations, For all three metals there was reasonable agreement between
the non-parametric Mann-Whitney and the Student's t with a log-normal
distribution. The results of these tests are given in Appendix C,

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
itation SW-4, which is further downstream. The situation for stations SW-5
through SW-7 on the smaller stream, is less clear, There is evidence of
significantly higher concentrations at about the one percent level at
itation 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,

In summary, most of the metals data for the stream water simples indicated no
detection of most metals, with the exception of barium, chromium, lead, and
zinc, Only zinc showed any significant differences in downstream; Oitfclj-l »ni|
a geometric mean value of 9,4 ppb for the combined group of samples,

il
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More data are available for the sediment samples, Two metals are
significantly above background in the sediments. Barium is significant at
SW-3, SW-6, and SW-7, with geometric mean concentrations ranging to 76,900 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 leveli of metals in the soils, Five soil iimples
collected at varioui depthi from two loll borings, at background locitioni
represented by W-37 and PZ-3B, were analyzed for metals (Table 6-11), Barium
and arsenic levels were observed in a sample from W-37 at 85,800 ppb and
12,200 ppb, respectively, which is not dissimilar to the maximum meani 11
obierved in the streim sediments,

6.2 MISCELLANEOUS DATA

6.2.1 Seep Simples

Water quality samples have been collected from five "seep" areas including a
former excavation termed the "New Pond". All available data from these
samples indicates the presence of vole.tile organic compounds, baled
principally upon the TVO analysis. The presence of volatile organici ii
consistent with the observed witer 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
lenonil variation in the TVO concentration with the highest levels occurring
in the wetter periods 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 marked trends are noted for data from the
other "seeps".

The compound specific analysis of a water and sediment sample cjiltbeoWdi tfjn
the "NE Seep" on July 29, 1988 resulted in no positive identification of /•**'•

6-5
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specific compounds except for several that were found in the blank or were
tentatively identified, TCL volatiles and metals were run on a subsequent
water sample collected on May 9, 1989. The results are variable, but indicate
levels of trins-l,2-dichlor-ethene and vinyl chloride on the May 1989 sample
at 120 and 56 ppb, respectively, A sample collected from the SE Seep on the
time dite contiined trins-l,2-dichloroethene and trichloroethene it 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 concentritioni ringing is high ai
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 ind vanadium were detected only in the July 26, 1988
simple 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 concentrationi ire
within the expected range,

6,2.2 Other Samplei

A number of miscellaneous surface water simples 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 parallel 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 wu
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 A-t3lQn|l_3i73
These swales drain to the northwast from which a sample was collected nearby

6-6
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well W-ll. Very low levels of volatile organics were observed from the _,
samples collected from the lindfill swales in Miy 1989. This is represented l,,J
by the north swile which contained trins-1,2-dichloroethene and
trichloroethene at 19 ind B ppb, respectively. Samples collected from these
swales in 1986 were not found to contiin volatiles, The downitreim swale near
well W-ll was free of volatiles on May 9, 1989. The highest metals
concentrations on May 9, 1989 were found in the north awale where barium,
lead, and zinc were detected at 202 ppb, 15 ppb, and 141 ppb, reapectively.
Theie 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 it the immediate ground surface, A sample was collected from
thii "Wet Woods" the results of which were free of volatile organici and
ihowed only bickground levels of metals.

AR30I87I*
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,r-x TABLE 6-5

TEST OF PROPORTIONS APPLIED TO SURFACE WATERS DATA

METAL Barium Chromium Lead Zinc

C

SIGNIFICANCE
LEVEL 0.39 0.76 0.76 0.049

Q , AR3QI892
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TABLE 6-8 C,}
WATER QUALITY DATA

MISCELLANEOUS SURFACE WATER
INDICATORS METALS

(reported in ppm, except TVO A THVO which are ppb)

.ord\Shope Site
Cirard Twp,, Pennsylvania

Location Date pH Spec Cond TVO(A)

NE Seep Oct-86 6.3 450,0 10.9
New pond jun-83 26.6
New Pond Aug-83 • 35.6
New pond Sep-83 26,2
New pond oct-83 32.2
New Pond Mar-8«t 29,8
New pond Apr-84 40.0
New pond May-84 21,3
New pond jun-84 <ts,6
New pond Jul-84 8.7 200,0 40,0
New Pond Aug-84 9.0 290.0 31.9
New Pond Sep-84 7.6 150,0 23.9
New Pond OCt-84 7.4 200,0 29.3
New Pond NOV-84 7.0 560.0 47.0
New Pond Dec-84 6,7 340,0 43.6
New pond Mar-85 7.0 610,0 27,4
New Pond Apr-85 6.8 675,0 13.8
New pond May-85 6.7 640,0
SE Seep May-84 662,5
SE Seep jun-84 406,8
SE Seep JUl-84 8.3 490,0 90,0
SE Seep Mar-85 7.8 510,0 692.2
SE Seep Apr-85 6,9 530,0 1351.5
SE Seep May-85 6.5 420,0 285,4
SE Seep NOV-85 6.4 1080,0 36,4
SE Seep Dec-85 6,7 625,0 1594.9
SE Seep Mar-86 6.2 230,0 1291.0
SE Seep Jun-86 6.4 380,0 62,3
SW Seep NOV-B5 6.4 540,0 45,7

MISCELLANEOUS SURFACE WATER
Swale LF 02-D6C-86 ND
Swale LF 0.-D6C-86 ND
Swale SW CC 02-Dec-86 ND
Spring 02-oec-86 ND
6" Pipe 19-D6C-86 ND
8" Pipe • 19-D6C-86 ND

AR30I896 C
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' ' ' '



\ \

<=-.% 77-'••-•I

€ r

C

O .
AR3Qi90t»
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7,0 AIR QUALITY SURVEY

c O
An imbient ilr jRlity survey wit conducted in the irea on and around the
landfill, The survey waa initially conducted on October 15, 1984 uiing an
HN--Model PI-101 photolonizer detector (PID) with a 10.2 eV lamp. Rtadin|i
were manured at seven 1 upwind, bickground locitioni and then -t 100-foot
intirvali on and around the landfill with probe held approximately three feet
above the ground turfici. The air quality itudy wu repeated twice on
June 26, 1969. The lecond lurvey wai performed in the iime manner ai for the
October 15, 1984 turvey, except that two PID meters were uied, one with •
10.2 eV limp and one with an 11.7 eV lamp, in order to enhance detectibillty
of certain volatile orginici,

The locitioni of eich reiding hive been plotted on Figure 7-1. The PID data
and aiioclited climitologicil dita at the time of each meiiurement it
lummirited on Table 7-1. All reidingi indicated non-detectable or background
leveli of vol.tile orginic compoundi in the breathing zone, it a level
three feet above the ground lurface, With the probe held immediately above
the ground aurface, no detection wai noted within the 10.2 eV PID on any of /~\
the lurveyi. However, ground aurface reidingi with the 11.7 eV PID indicated
low level reidinga it the "NE Seep" ind in the irei louthent of the landfill
neir well W-5 it leveli ringing up to 2.0 ppm. (HNU uniti referenced to
benzene),

The leniitivity of the PID meter to volatile organici has been ihown to vary
with both the compound to be detected ind the limp uied, The photoionization
leniitivitiei, ii reported by the manufacturer, for the primary volatile
organic compoundi that have been detected in groundwater plume are listed on
Table 7-2, Of the 13 major plume compoundi, nine have sensitivities above
4.5 ppm, Thii muni each of theie compoundi will have in instrument response
of at least 45 percent of the obierved reading, It should be noted thit the
compoundi of particular concern, vinyl chloride and benzene, exhibit a itrong
instrument response of 50 ind 100 percent, respectively, Four compoundi ire
not lilted and no firm concluaioni cm be drawn about their detectability;
however, their similarity to compoundi that are lilted luggeita |Xjt.«
ihould be renonibly detectible, •

7-1
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TABLE 7-1

SUMMARY OF AMBIENT AIR MONITOR INC

Weather Conditions PID1' Response .
_____________ In Breathing Zone '

Relative
Date Time Temp (R) Humidity wind 10,2 ev 11.7 ev

IS-Oct-84 01:30PM: 62° 7BX NNE, 9 mph ND
04:30 PM

*w / ui |~W7

10:30 AM
26-Jun-89 08:30 AM • 73° 57X N, 7 mph ND ND3'

26-Jun-B9 12:30 PM • 84° SB% N, 7 mph ND NO4'
02:30 PM

Notes:

1, PID meters utilized are HNU Systems, me, models pi-iot
(10.2 ev) and HW-IOI (11,7 ev), Detection L i m i t 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 lamp only:

1,0 ppm - NE Seep
AR30I907
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O TABLE 7-2
...

SENSITIVITY OF PID METER TO
GROUNDWATER PLUME VOLATILE ORGANIC COMPOUNDS

1
1
1
1
D
1

COMPOUND

benzene

methyl ethyl ketone (MEK)
4-methyl-2-pentanol

methyl Isobutyl ketone (MIBKJ
vinyl chloride

trans-i,2-dichloroBthene
tetrahydrofuran (THF)
tetrachloroethene

trichloroethene
acetone

cyclohexanone

2-butanol
Isopropanol

PHOTO 1 ON IZAT ION
10,2 ev Lamp

10,0

5,7

NL

5,7

5,0

NL

6.0

NL

8,9

6,3

5,1

NL

1,0

SENSITIVITY ''
11,7 ev Lamp

12,2

6.3

NL

10.6

NL

NL

7.9

NL

NL

5,7

NL

NL

4,5

Notes:
1, Reading (ppm) when measuring 10,0 ppm of the particular

gas with the HNU Systems, me, Model Pi 101 PID meter calibrated
for benzene, based on data provided by the manufacturer.

AR30I90802. "NL" Indicates photoionlzatIon sensitivity data not listed
by the manufacturer,

7-4
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In aummiry, no volatile organics have been detected in the breathing zone at
any area on or around the lite. Only low leveli of voUtilei have been
detected at the ground surface and only in areai previously ihown to contain
volitile orginici in the lurficial toils. Theie dita have been bated upon the
uie of the combined uie of 10.2 eV ind 11.7 eV PID meters which have been
ihown to provide good response to the parameters of concern.

I
I
I
I
I
I
I
' «R30I909
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