EPA-600/2-81-186
September 1981

FB82-12333828

EVALUATION OF POLLUTION ABATEMENT ALTERNATIVES:
PICILLO PROPERIY, :
COVENTRY, RHODE ISLAND

by

Nancy L. Cichowicz
Robert W. Pease, Jr.
Paul J. Stoller
Harold J. Yaffe

The MITRE Corporation
Metrek Divison .
Bedford, Massachusetts 01730

Contract No. 68-01-5051

Project Officer

Stephen €. James
Solid and Hazardous Waste Research Division
Municipal Environmental Research Laboratory
Cincinnati, Ohio 45268

MUNICIPAL ENVIRONMENTAL RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U.5. ENVIRONMENTAL PROTECTION AGENCY

CINCINNATI, OHIO 45268
REPRODUCED BY

NATIONAL TECHNICAL
INFORMATION SERVICE

115, DEPARTMENT OF COMMERCE
SPRINGFIELD, VA 22161



NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED
FROM TEE BEST COPY FURNISHED US BY
THE SPONSORING AGENCY. ALTHOQUGE IT
IS RECOGNIZED THAT CERTAIN PORTIONS
ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE.



TECHNICAL REPORT DATA

(Please read Irstrucrions on the reverse before completing)

7. REPORT NO. 2.
EPA-600/2-81~ 186K

ORD Report .

3. RECIPIENT'S ACCESSIOMNNO,

7 10388 8

4. TITLE AND SUBTITLE
EVALUATION OF POLLUTION ABATEMENT ALTERNATIVES: Picillo
Property, Coventry, Rhode Island

|8. REPORT DATE

September 1981

8. PEAFORMING ORGANIZATION CORE

7. AUTHOR(S)
Nancy L. Cichowicz, Robert W. Pease, Jr., Paul J.
Stoller, Harold J. Yaffe :

8. PERFORMING ORGANIZATION REPORT NO.

|9 PFEAFORMING ORGANIZATION NAME ANOC ADDAESS
The MITRE Corp.
Metrek Division

Bedford, Mass. 01730

10, PROGRAM ELEMENT NO.

BRD1A
[T1. CONTRAGT/GRANT NO. .
68-01~5051

13, TYPE OF REPORT AND PERIOO COVERED
inal
14. SPONSORING AGENCY CODE

EPA/600/14

12. SPONSORING AGENCY NAME AND ADDRESS
Municipal Environmental Research Laboratory=-Cin. , OH

Office of Research and Development
U.S, Environmental Protection Agency
Cincinnati, Ohio 45268

18, SUPPLEMENTARY NGTES
Project Officer: Stephen C. James

See aiso EPA-600/2-8]- 186

18, ABSTRACT

(513) 684-7871 - -~

This report describes the second phase of a two-phase investigation

undertaken by the MITRE Corp. to determine the nature and severity of ground -

and surface water contamination at the Picillo properity in Coventry, Rhode

Island and to make recommendations for permanent abatement of the situation.
The following Phase II activities were subsequently carried out to

obtain the necessary additional information and to provide further elaboration .

on the problem:

== Bedrock sampling, installation of bedrock wells, and field
permeability testing

Exploratory excavation of drums
Groung-penetrating radar survey
Seismic refraction survey

Collectiun and chemical analysis of additional soil, ground water,
and surface water samples.

17. KEY WORDS AND DOCUMENT ANALYSIS
a. ODESCRIPTURS b.IDENTIFIERS/OPEN ENDED TERMS

c. COSATI Field/Group

Remote sensing
Field procedures
Abatement measures

Drum excavation 138
8. DISTRIBUTION STATEMENT 19. SECURITY CLASS [1his Report) 27 -
. . Unclassified
Release to Public 20. SECURITY CLASS (This page) 22. PRICE - ]
Unclassified .

=~

EPA Form 22201 (3-73)



DISCLAIMER

This report has been reviewed by the Municipal Environmental Research
Laboratory, U. 5. Envirommental Protection Agency, and approved for publica-
tion. Approval does not signify that the contents necessarily reflect the
views and policies of the U. S. Envirommental Protection Agency, nor does
mention of trade names or commercial products constitute endorsement or
recommendation for use.

ii




FOREWORD

The Environmental Protection Agency was created because of increasing
public and govermment concern about the dangers of pollution to the health

and welfare of the American people. Noxious air, foul water, and spoiled- — -

land are tragic testimony to the deterioration of our natural enviromment.
The complexity of that enviromment and the interplay between its components
require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solu-
tion and it involves defining the problem, reassuring its impact, and search-
ing for sclutions. The Municipal Environmental Research Laboratory develops
new and improved tachnology and systems for the prevention, treatment, and
management of wastewater and solid and hazardous waste pollutant discharges
from municipal and community sources, for the preservation and treatment of
public drinking water supplies, and to minimize the adverse economic, social,
health, and aesthetic effects of pollution. This publication is one of the
products of that research; a most vital communications link between the
researcher and the user community.

This report describes the second phase of a two phase investigation
undertaken in order to determine the nature and severity of ground and
surface water pollution at the Picillo property in Coventry, Rhode Island
and to make recommendations for permanent abatement of the situation.

Francis T. Mayo, Director
Municipal Environmental Research
Laboratory
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ABSTRACT

This report describes the second phase of a two-phase investigation under-
taken by The MITRE Corporation to determine the nature and severity of ground
and surface water pcllution at the Picillo property in Coventry, Rhode Island
and to make recommendations for permanent abatement of the situation. This
study was funded by the U.S. Environmental Protection Agency, Solid and Hazard-
ous Waste Research Division, in order to assist the Rhode Island Department of
Environmental Management,

Recommendations for interim actions, conclusions, results, and field pro-
cedures of the first phase of the study are contained in the project report:
"Hazardous Waste Investigation: Picillo Property, Coventry, Rhode Island,”
MITRE Technical Report 80W00032, April 1980.

iv




it

ACKNOWLEDGEMENTS

The project team is appreciative of the support given by the following
MITRE personnel toward the completion of this investigation: Alex Hershaft,
Ronald N. Hoffer, and Irwin Frankel for their critical reviews; Lynne S. Arden,
Donna T. Howarth, and Milton V. Wilson for report preparation and coordina-
tion; Joan 8. Garber and Marilyn L. Pyne for assistance in project management;
and Kerri E. 8alls and Barbara J. Trinklein for support in field activities.

The assistance of the following persons is also greatly appreciated:
Stephen C. James, Project Officer, and Donald E. Sanning of the U.S. EPA Solid
and Hazardous Waste Research Division; Carleton A. Maine, Larry D. Riggs, and
Thomas E. Wright of the Rhode Island Department of Environmental Management;
David McIntyre of the U.S5. EPA, Region I; and John R, Davey of Jet Line Serv-

ices, Inc.



o

CONTENTS
Abstract . e e e s e e e s s e e e . . . . . v
Acknowledgements . . . . . . . . . . . . . 4
Figures. e ¢ &1
B - 12 3 - B i 1
1. Introduction. . . . . T |
Purpose and Scope. e |
Summary of Phase I Study . . . . . o ¢« & v & ¢« o o v 2 o o o o« 2
2. Field ProcedureS. . + « & ¢ ¢ & + 2 « s o o o s s o« s & s o o o o 9
Field Procedures: Phase T . . . . & v v ¢ ¢ o o & o« & & 9

Field Procedures: Phase II. . . . « « ¢ ¢ « v ¢« & = « « « « 10

3. Results of Field Te@SES. . v « =« 4 & & o o o o o o o o« o« s o o o« o 217
Location, Number, and Condition of Buried Drums. . . . . . . .17
HydrogeologY « « + v o o 4 v v o o « s o s o o o o o« o o o o 28
Chemical Contamination . . . « v & &« = & & o & & o o = « « . .41
RefeTences « « o o v o o o o o o o o & s o v o 0 o0 0 e e .. JA4T

4, Recommendations . . . . e e e e a e e e e e e e e e . B9
Summary of Phase II Investigatlon. e e e e e e e e e e e . W49
Abatement of Site Pollution. . . . . . . . . ¢« v « « « « . . .50

Appendices
A. Table of Contents, List of Illustrations, and List of Tables
from Phase I Report . . . . . e e e e - Y
B. The Location of Buried Drums as Determlned by Ground—Penetrating
Radar . « « » « = « « « & . e e I &
C. Monthly Variation of Ground Water Levels S -
D. Test Boring LOZS. « o « « o« ¢ & o o o o o s o o « o o o o o o o « 13

vi



Number
1 Map of Site with Location of Wells . . . . . . . . .
2 Comparison of Northeast and Northwest Trench Locations as Detected
by Ground-Penetrating Radar and Metal Detectionm.
3 Location of South and West Trenches as Determined by Ground-
Penetrating Radar and Metal Detection. . . . .
4 Subsurface Profile of the West Trench as Determined by
Refraction . . . . ¢ v ¢« ¢ v o v v v e e v 4 s e e .
5 Illustrative Trench Geometry . . + « ¢ & ¢ o o & o « &
6 Water Table Map for August 12, 1980. . . . e e
7 Location of Seismic Refraction Profiles. . . . . . . .
& Results of Seismic Refraction Survey: Line 1o ..
9 Résults of Seismic Refraction Survey: Line 2. . . . .
10 Results of Seismic Refraction Survey: Line 3. . .
1l Results of Seismic Refraction Survey: Line 4. . . . .
12 Topographic Map of Region Around Picillo Property. . .

FIGURES

vidi

. s .

Seismic

20

22
24
30
31
: 32
33
34
35

40



TABLES

Number Page
1 Summary of Phase I Conclusions . « v « « o« v « o » o » & P . 3
2 Recommended Actions: Phase I. . o v + ¢ ¢ o ¢ « o ¢« ¢ a s o s o « o b
3 Comparison of Abatement Methods at the Conclusion of Phase I . . . . 7
4 Results of Excavation of Drums from the Northeast Trenches . . . . .18
5 Comparison of Assumptions Used for Estimating Total Number of Drums

in Phases T and II . . . & & & 4 o 4 6 o & o o o o o o « o o o a2 « 225
6 Estimated Rectangularized Dimensions of Surface of Trenches, . . . .26
7 Estimated Number of Buried Drums Based on Extrapolation of Best

Available Data . . « v o o o o a o 4o s s ¢ s s 0 s e o 5 o« 0 s o 27
8 Correlations Between Seismic Velocities and Geologic Strata. . . . .36
9 Summary of Hydraulic Conductivity Data . & « &+ & 5 ¢ o o o ¢ o « o« .38
10 Comparison of Parameter Estimates and Quantities of Ground Water

Flow in Phases T and IT. . . . . ¢« & ¢« o v & &+ &« « o ¢ s o o s « & .39
11 Total Volatile Organic Concentrations in Water and Soils . . . . . .42
12 - Volatile Organic Priority Pollutant Concentrations in Ground and

Surface Waters . . « o &+ v « o & o s s & 8 ¢ o« s s o o o s o s o o 43
13 General Inorganic Constituent Concentrations in Ground and Surface

WAterS o « o o & 5 ¢ o s s o s % s s 5 s 5 o o a o o s o o s o o a2 JAb&
14 Results of the U.S. EPA Surface Water Analysis at Eastern Region of

Swamp and Swamp Outflow. . . « ¢ ¢« & &+ ¢ o & o o o & & 0 s o o s « 46
15 Summary Evaluation of Long-Term Abatement Options. . « « » » » - . 51
16 General Recommendations for Drum Excavation., . . . &+ « « o « o « o .33
17 General Recommendations for Monitoring Effectiveness of Preferred

Abatement AlternativVe. . . « o « + 5 o ¢ s ¢ o a o s« 2 o & o 2 o o o026

viii




SECTION 1

INTRODUCTION

Section 1 covers the purpose and scope of the work documented in this
report and presents a summary of the results of a preliminary study of the
site under investigation.

PURPOSE AND SCOPE

This report describes the second phase of a two-phase investigation
undertaken by The MITRE Corporation to determine the nature and severity of
ground and surface water pollution at the Picillo property in Coventry, Rhode
Island and to make recommendations for permanent abatement of the situation.
This study was funded by the U.S. Environmental Protection Agency, Solid and
Hazardous Waste Research Division, Municipal Environmental Research Labora-
tory (EPA/SHWRD) in order to assist the Rhode Island Department of Environ-
mental Management (DEM) and to evaluate the use of several remote sensing
techniques in an actual hazardous waste investigation.¥

The first phase of the study was conducted by MITRE under contract with
the DEM** and the field procedures, results, conclusions, and recommendations
are contained in the project report: '"'Hazardous Waste Investigation: Picillo
Property, Coventry, Rhode Island,” MITRE Technical Report 80W00032, April
1980. The Table of Contents, List of Illustrations, and List of Tables of
the above report are reproduced in Appendix A and the results and conclusions
are summarized in the following subsection.

An uncontrolled hazardous waste situation was created on the Picillo
property by the deliberate discharge of bulk chemicals into the ground and by
the burial of drums containing chemicals. When MITRE first became involved,
the number and locations of the buried drums were unknown. Leachate from the
dump site had migrated approximately 1200 ft through the soil and into the
surface waters of a swamp. Although the Picillo site is in a rural area, the
contamination of the swamp is of concern because the swamp discharges to a
body of water, Whitford Pond, that is used as a source of irrigation water
for a cranberry bog.

*Detailed analysis and evaluation of the remote sensing techniques are pre-
sented in a separate publication: "Use of Remote Sensing Techniques in a
Systematic Investigation of an Uncontrolled Hazardous Waste Site," MITRE
Technical Report 80W00244, January 1981,

**%The following portions of the Phase I study were funded by EPA/SHWRD:
chemical analysis of soil and water samples, and preliminary engineering

of abatement options.
1



The following tasks were performed under the first phase of the investi~
gation:

& review of DEM data pertinent to the dump site in question
® metal detection and electrical resistivity surveys of the dump site
e installation of ground water monitoring wells

e collection and chemical analysis of soil, ground water, and surface
water samples

e preliminary determination of site hydrology
¢ preliminary engineering analysis of abatement options.

Cost estimates and conceptual designs were produced for four abatement methods
but a preferred one could not be recommended because additional field data
were needed, specifically the existence of fractures and contaminants within
the bedrock and the condition of the buried drums.

The following Phase II activities were subsequently carried out to obtain
the necessary additional information and to provide further elaboration on the
problem:

@ bedrock sampling, installation of bedrock wells, and field
permeability testing

e exploratory excavation of drums®
e ground-penetrating radar survey
@ seismic refraction survey

6 collection and chemical analysis of additional soil, ground water
and surface water samples.

The field procedures and results of the above study are presented in Sections
2 and 3, respectively. =

SUMMARY OF PHASE I STUDY

The salient conclusions and recommendations of the preliminary (Phase I)
study are shown in Tables 1 and 2. Conclusions concerning the estimated num-~
ber of drums, the bedrock mound, and the total quantity of contaminated ground
water flowing away from the site have been amended on the basis of the Phase
IT results. These changes are presented and discussed in Section 3.

*Conducted and funded by the Rhode Island Department of Environmental Mamage-

‘ment.
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TABLE 1. SUMMARY OF PHASE I CONCLUSIONS

Chemical Contamination

Ground water and surface water are contaminated predominantly with
chlorinated and non-chlorinated volatile organic chemicals (total
concentration less than 100 ppmj.

Air quality near the swamp is degraded due to release of chlorinated
and non-chlorinated volatile organic chemicals.

Soil around the site is contaminated with phthalate esters (total
concentration less than 20 ppm).

Health Effects

Although the chemicals detected are potentially hazardous, the
potential route of exposure to the public appears to be limited
to airborne transport in certain sections of the swamp. .

The low population density of the affected area minimizes the
threat to public health, unless Whitford Pond is contaminated.

Hydrology and Buried Drums

A bedrock mound located off the northwest corner of the site diverts
leachate into tws primary plumes;* however, both plumes discharge to
the swamp.

The quantity of contaminated ground water flowing away from the site
is less than 260,000 gal/day.*

Drums are buried in two major trenches, along the western and
northern boundaries of the site.”®

The estimated range of the total number of drums buried is
3,500 to 9,000.%

Abatement Options

Information available at the present time (April 1980) concerning
condition and number of drums and impermeability and topography of
bedrock is not sufficient for recommendation of permanent abatement
methods.

*Original conclusion which was subsequently modified on the basis of additional
information obtained from Phase II study (see Section 3).
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Table 2.

Recommended Actions:

Phase I

1.

10.

11.

12.

13.

Activity

Post contaminated areas of
dump and swamp

Analyze quantity and qual-
ity of influent to Whitford
Pond

Analyze residentlzl wells
(within 1 mile radius of
site) for volatile organ-
ics

Sample air quality arcund
swamp

Evaluate need to restrict
access to contaminated
area of swamp

Excavate and dispose of
drums in northeast trench
(backfilling with aerated
soil)

Install absorbent bocms
and sheets at several lo-
cations and evaluate their
effectiveness

Examine bedrock for pres=-
ence of fractures and
contamination

Install additional wells

Sample existing wells

Analyze condition of
Whitford Pond {(aquatic
life, surface water, and
sediment)

Determine all uses of
Whitford Pond water in
addition to cranberry ir-
rigation

Conduct detailed evalua-
tion of long-term abate-—
ment approach and imple-
mentation plan for pre-
ferred approach

Purpose

Alert trespassers to threat to

public health

Determine potential threat to

public health

Determine poteatial threat to

public health

Determine nature of hazard

Determine if nature of potential
hazard justifies cost of fencing
contaminated regions of swamp

Confirm continued existence of

source of chemicals

Limit potential of surface

pollutant flow to Whitford Pond

Assist in the design of longe

term abatement measures

Define plume boundaries and
investigate swamp underflow
of contaminants

Monitor changes in water quality

Determine potential threat to

public health

Determine potentilal threat to

public health

Abate pollutants in a cost-—
effective manner

Time Frame (1980)
April

April

April

Periodically

Periodically

April - August
(including pro=-
curement)

April -« May (in~

stallation only)

April - June

April - June

Periodically

April = June

April - May

July « September

\\‘




The Phase I investigation and evaluation identified the following addi-
tional information necessary to define the public health threat presented by
the site and to evaluate methods for abatement of the problem:

e condition and number of buried drums

e topography and imperviousness of bedrock

e effectiveness of the swamp to act as a treatment mechanism for
volatile organic chemical contamination.

Condition and Number of Buried Drums

Although metal detection had been used to find the locations of the
buried drums, it was unknown whether the drums were intact and whether they
contained liquid or solids. Drums containing liquids would act as a future
and continuous source of contamination due to rupture and release. This made
it impossible to estimate the future concentration of pollutants in the ground
water or the length of time that the ground water would remain contaminated.
On the other hand, there was speculation by DEM officials that the drums were
crushed at the time of burial and that no future releases would occur. Thus,
it was necessary to determine, by limited excavation, the actual condition of
the drums and whether they contained chemicals, in order to determine an appro-
priate abatement method.

A second area of uncertainty was the depth of the buried drums and there-
fore their number. The estimate of the number of drums buried on  the site
was based upon certain unverified assumptions concerning the side slopes of
the trenches, the depth of the trenches, and the packing density of the drums.-
Since metal detection does not supply any of the preceding information, con-
siderable guess work had to be employed for the initial drum number estimates.
Limited excavation of drums would therefore afford the opportunity to directly
observe the condition and number of some of the drums and reduce some of the
uncertainties inherent in the drum number estimates.

Topography and Condition of Bedrock

The e¢ffectivess of two of the abatement options being evaluated, encapsu-
lation and interceptor trenches for leachate collection, depended upon an un-
fractured, impsrmeable bedrock. If the bedrock were found to be fractured, it
could not be relied upon as a barrier to leachate movement, and therefore the
above two abatement options would be rejected. Additionally, it was necessary
to determine the topographic profile of the bedrock in order to provide more
accurate cost estimates for each option, in particular for the interceptor
trenches. If the bedrock profile were highly irregular, the cost of installing
interceptor trenches might become prohibitive because gravity flow would be
impossible and pumping stations would be needed. Rock excavation was not con-
sidered feasible because of the possibility of inducing fractures.

An additional factor to be explored concerned the possibility of vertical

migration of contaminants through the bedrock fractures. Sampling and analy-
sis of ground water from wells in the bedrock was needed to determine the

AR
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presence of contaminants in order to better-define the potential threat to
public health.

Eﬁfectiveness of the Swamp as a Treatment Mechanism

The Phase I study showed that the swamp was the receptor and surface dis-
charge area for contaminated ground water. Because the swamp discharges to a
pond which is wsed for irrigatiom, a potential public health problem might
exist if chemicals were released from the swamp. On the basis of a single
downstream surface water sample, it appeared that air-borne dispersion of vol-
atile organic chemicals (the predominant species present in the ground water)
in the swamp was the principal mechanism for dilution to relatively safe levels
and contaminants were not being discharged to Whitford Pond. However, the
above statement was posed only as a hypothesis requiring validationm.

Analysis of Abatement Alternatives

The alternative actions selécted‘for investigation were the following:
e noc action

e removal and disposal of the source of contaminants

® encapsulation of the source of contaminants

® collection and treatment of the contaminated ground water

These activities encompass the principal methods available for response
to the specific problems created by the Picillo site. Conceptual designs and
estimated costs were developed for each, and a comparison of their advantages
and disadvantages is shown in Table 3. In addition, Table 3 presents the in-
formation determined necessary to complete the evaluation and the techniques
used during Phase II to obtain the appropriate data.

In addition to the above four activities, surface preparation (grading
and capping with an impermeable barrier) was evaluated as both a short-term
and a long-term option and was removed from further consideration (except in
conjunction with encapsulation) because of the relatively insignificant ef-
fect of precipitation directly on the dump site (when compared with the large
upgradient recharge area).

W,
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TABLE 3.

COMPARISON OF

ABATEMENT METHODS AT THE CONCLUSION OF PHASE I

Additional Information

Technique to

ALL tive e G 2ges + & 3
ernative Key Adventage Key Drsadvantages Required to Iwplement Obtaln Information
Alternative
1. 0 Actiom o effective If source of @ Joes not remove soutce # condition of source # radar, exploratory ex-
contenination 18 ex- of pollutants (drums) cavation
haustes o potential for future e state of nearby pond o additional wells, chem-
@ effective if roral mass releasse of pollutants ical analysis of soils
of contaminants wolacil- st1ll exists ® 2‘:“';::’“8": underfloy and water samples
aze5 in swamp, cthe swamp o unconteolled release of "
remains isolated, and . ¥ e vltimate dieposition of
pags pollutants may cause
Whitforé Pond is umaf- ublic health problems all pollutants
fected P P
2. Drue Removal and Die- & cemove source of pollu-~ o Ineffective if drums are e condition of source & radar, exploratory ex-
posal {excavation, tanis ruptured and chemicals {drums) cavation
testing, and proper dispersed o condition of soil o exploratory excavation,
d1sposal of drums and tential for ini to chemical analysis of
contents, and contam— ® ol k" a ist ury :1 a 1 aly
Inated soils) workers exists soil samples
3. Site Encapsulation @ stops/cantrols pollucion # does not yemove source © conditton of source e radar, exploratory ex~
{construecion of im- at source of pollutants (drums) cavation
peraeable barriers @ working conditicns safer @ poteatial for future re- o condition of bedrock # seismic refraction,
around spurce of
ol lutants) than for drum removal lease of pollutants core drilling, deep
E still exists wells
® success of contalnment
requires absence of
fractures in bedrock
asurface
# regquires periodic and
perpetual monitoring and
maintenance
4, Leachate Collection
and Treatment
a. Limited Option {in- @ controls pollution at . # does not remove source & condition of source # radar, exploratory ex-—
terceptor trenches source : of pollutants (drums) cavation
e i%isy = working conditions safer e success of collection « condition of bedrock o seismic refraction,
B than for drum removal depends on condition of core drilling, deep
bedrock wells
® treatment systewm does
not remove all contami-
nants from leachate
# unknown and potentially
large life-cycle cost
b, More Complete Op- e controls peliution at # sane a$ above @ same as above ® same as above
tion (iaterceptor source including addi- :
trenches constructed tional downgradient
600 Ft downgradient contaminated soil
of site ualls) o working conditions :

safer than for drum
removal

AN
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SECTION 2
FIELD PROCEDURES
Section 2 describes the field procedures employed during Phase I and the
following activities under Phase II: ground-piercing radar; seismic refrac-

tion; bedrock coring and well installation, and field permeability testing;
water and soil sampling and chemical analysis; and limited drum excavation.

FIELD PROCEDURES: PHASE 1

This section briefly summarizes the field procedures used during the
Phase I investigation.

Metal Detection Survey

The entire cleared area of the dump site was surveyed with a hand-held
Fisher M~Scope (Model TW-5) metal detector. The average depth of detection
was approximately 4 to 6 feet.

Electrical Resistivity Survey

Electrical resistivity surveys were conducted to locate the presence and
lateral extent of ground water contamination prior to the installation of
monitoring wells. A Bison Instruments, Earth Resistivity Meter (Model 2350B)
was used for all surveys. Approximately 170 measurements were made using
electrode {or A~) spacings of 20 and 50 feet.. Information concerning soil
characteristics was obtained by digging test pits with a backhoe in selected
locations.

Monitoring Well Installation

Drilling operations were performed using a wash boring rig, and drillers
were instructed to proceed to bedrock. The wells were constructed of 1-1/2 in
0.D. schedule 40 pressure~fitted PVC pipe. The entire saturated thickness of
the aquifer was screened with factory-slotted pipe. Fifteen wells were in-
stalled, and nine of them were developed by injection and pumping to remove
fine sand.

Soil and Water Sampling

Soil samples were collected with a split-spoon sampler every 5 feet
during drilling operations. Stainless steel bailers were used to collect

*Pféééding ’bévge blank
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ground water samples from each well. Representative samples were obtained by
withdrawing several casing volumes of water until the temperature had stabi-
lized.

Chemical Analysis

Analysis for priority pollutants by gas chromatography/mass spectrometry
(GC/MS) was performed on composites of both soil and water samples. Wells
closest to the dump area were chosen for the soil and water priority pollutant
analysis in order to obtain samples which were least affected by attenuation,
dispersion, or dilution. The remaining samples were quantitatively analyzed
for total volatile organics (TVQ) using a GC with a flame ionization detector
and reporting the total output peak area in terms of selected standards.

FIELD PROCEDURES: PHASE II

This section details the field procedures used during the Phase II inves-
tigation.

Ground-Penetrating Radar

A ground-penetrating radar survey over the trench areas was performed by
Geophysical Survey Systems, Inc. (GSSI) of Hudson, New Hampshire under con-
tract to MITRE; areas of buried drums had been previously located by the
metal detection survey. The general areas of buried drums are identified on
the site map (Figure 1). The radar survey, which was completed in two days,
was conducted to determine the feasibility of using this technique to provide
information on the packing density of buried drums, the depth and gecmetric
construction of trenches, and the location (trench boundaries near the sur-
face) of the buried drums. This was a relatively new application of ground-
penetrating radar, which had been previously used inavariety of underground
investigations, such as assessing the extent of peat deposits, locating arti-
facts at archaeological sites, and locating soil interfaces at construction
sites.

In a ground-penetrating radar survey, an electromagnetic impulse is repeti-
tively propagated downward into the ground from a broad band width antenna on
the surface. Reflections from subsurface interfaces are received by the an~
tenna, processed electronically, and printed to yield a comtinuous profile of
subsurface conditions as the antenna is moved across the ground surface. The
depth to an interface, or the surface of a "target" such as a metal drum, is
determined by measuring the time for a radar pulse to travel to the interface
and reflect back to the surface.

The radar equipment used at the site in Coventry was the SIR System 7
ground radar system manufactured by GSSI. Following experimentation with two
alternative antennas and center frequencies, GSSI Model 3105AP operating at a
center frequency of 300 MHz and GSSI Model 3102 operating at 600 MHz, the lat-
ter was chosen for most of the survey due to its improved spatial resolution
at shallower depths. --

10




The West Trench was surveyed with the 300 MHz antenna set at a nominal
depth of 25 ft, later calibrated at 24.4 ft, based on average soil conditions.
The Northwest, Northeast, and South Trenches were subsequently surveyed using
the 600 MHz antenna set at a nominal depth of 12.5 ft. The survey was con-
ducted according to a rectangular grid. All trenches were surveyed longitu-
dinally by using parallel radar transects at spacings of 10 ft. Transverse
transects, or cross-~cuts, were made at intervals of 20 ft for the Northeast
Trench and 40 ft for the West and Northwest Trenches. The antenna was pulled
along the transect manually, and the data recorded by wire comnection with
equipment located in a stationary van on the site, which also served as the

power source.

Seismic Refraction

Seismic refraction profiling of approximately 2850 linear feet was per-
formed at the Coventry site in two days of field work. This technique was
primarily employed to determine the depth to bedrock between deep wells. A
profile was also conducted over the West Trench to determine if seismic re-
fraction could be used to determine the depth of the buried drums.

The seismic refraction method is based on the principle that elastic
waves (mechanical rather than electromagnetic) travel through different sub-
surface strata at different velocities. Elastic waves are introduced to the
ground surface by an energy source and the refracted waves are detected by
small seismometers (geophones) located on the surface at various distances
from the energy source. A seismograph records the travel time between the
vibration and the arrival of the elastic wave at the geophones. Plotting ar-
rival time versus distance from the energy source to geophone from a series
of readings emables the determination of strata depths and their seismic ve-
locities through the use of simple refraction theory, ) ’

Stephen A. Alsup and Associates, Inc. of Newton, Massachusetts performed
the survey using a2 Geometrics/Nimbus Model ES1210F Multichanmnel Seismograph.
Voltage ocutputs from 12 Mark Products L-15 vertical geophones spaced at 20-ft
intervals were racorded and collected for each refraction spread. The energy
source used to initiate each record and shock wave was a 30-1b dropped weight
or 10~1h sledge hammer blow on a steel plate with an attached impact start
switch., JIwpact points for this survey were at the end of, and quarterly along
the refraction spread, providing a locus for depth calculations at 80-foot
intervale aloug each spread. Data coatinuity and repetition were achieved by
repeating end shots where refraction lines were longer than one spread length.

Rock Drilling, Well Installation, and Field Permeability Testing

Installation of six additional ground water monitoring wells began on
June 5, 1980. Drilling was performed by Guild Drilling Co., Inc., of East
Providence, Rhode Island. Geotechnical Engineers Inc. (GEI) of Winchester,
Massachusetts, also under contract to MITRE, acted as geotechnical consultant.

Drilling was performed using a hydraulic rotary rig, which has the capa-

bility to core rock. Imitially, hollow-stem augers were to be used to refus-
al, and then steel casing was to be set prior to rock coring. However,
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these plans had to be changed due to problems in setting casing. following re-
moval of the hollow-stem auger. As a result, borings were generally advanced
by alternately driving steel casing downward in five foot increments and then
washing out the sediment within. Finally, 2-1/8 in diameter (''N" size) cores
were recovered using a hollow core barrel with a diamond bit.

Each well was constructed of 1-1/2 in 0.D. schedule 80 pressure-fitted
PVC pipe. Ten-foot sections of pipe were sealed with water repellent duct
tape. In the five borings from which at least 15 ft of rock were cored, a 10-
ft or less section of factory-slotted pipe was capped and set at the bottom.
A sixth well, which was installed within the unconsclidated deposits on the
north side of the swamp, was slotted between three and 13 ft below the sur-
face. The slotted section of each well was backfilled with Ottawa sand and
sealed with alternate layers of bentonite pellets and Ottawa sand totaling ap-
proximately one foot in length. The boring was then grouted to the surface
with a mixture of cement and bentonite. A five-foot steel riser with locking
cap was placed over each PVC well and sealed in place with the grout. Each
well was pumped or bailed following installation. Water levels were measured
periodically to insure that they had stabilized prior to sampling.

Drilling was completed on July 10. Figure 1 shows the locations of the
new wells (numbers W21 through W26) in addition to the wells previously in-
stalled. Well locations and elevations were surveyed by Caputc and Wick, Inc.
of Rumford, Rhode Island.

Field permeability measurements were taken at two well locations, W24 and
W21, using either the borehole permeability or rising head methods. Three
tests were conducted at different depths in Well 24.

Soil and Water Sampling and Chemical Analysis

Soil samples, collected every five feet using a split-spoon, were used by
MITRE and GEI personnel to determine the geology.

Sixteen soil samples were put in 40 ml sampling vials for total volatile
organic (TVO) analysis by Energy Resources Co. (ERCO) of Cambridge, Massachu-
setts. The sample depths were selected to be representative of each entire
well. The vials had teflon and rubber seals with Bakelite tops and were spe-
cially designed for GC/MS analytical work with volatile organic compounds.
The samples were taken from the following borings at the indicated depth (ap-
proximate) in feet below ground surface:

W21 - 10, 20, 30, 40
w22 - 10, 15, 20
w23 - 10, 15, 20, 23
W24 - 10, 15, 20
w25 - 8, 13

Samples were delivered to ERCO on the same day they were collected.

Due to seasonal low-flow conditions in July, it was possible to sample
the surface water at only one location. The swamp waters had receded to a
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relatively narrow channel in its center with no surface discharge to Whitford
Pond occurring. The western-most extent of the swamp water was within 40 ft

of its normal outflow channel and it was at this point that the sample was
taken. The surface water sample was placed into four 40 ml septum vials for
TVO and volatile priority pollutant amalysis and into a quart container fox
inorganic constituent analysis. Ground water samples were collected from wells
14, 21, 23, and 26 using a stainless steel bailer. To insure that a represen-
tative sample of the aquifer being taken, each well was pumped and/or bailed
until two similar measurements of temperature and specific conductivity had
been recorded. These measurements were taken using a Yellow Springs Inc. Model
33 Salinity-Conductivity-Temperature Meter.

The seven samples were delivered to ERCO on the morning of July 29, where
they were to be analyzed for TVO, volatile priority pollutants, and five gen-
eral water quality parameters (pH, COD, TDS, Fe, and Cl). Results of the anal-
ysis were given to MITRE on September 12,

Limited Excavation

Exploratory excavation of the Northeast Trench commenced on June 10, 1980
and was completed on August 27, 1980. The excavation was carried out by Jet
Line Services, Inc. under supervision of the DEM. By the time of the start of
work, the ground-penetrating radar survey had been completed and these results
were given to the contractor. The radar survey was quite timely because the
data it supplied showed that the Northeast Trench was in fact two discrete and
separate trenches whose surface areas were larger than measured previously
with the metal detector. Earth was removed by front end loader (Caterpillar
966) and the predominant method of drum location and exposure was scraping of
the excavated earth face with the bottom of a backhoe bucket. The backhoe was
used to allow the exposed drums to be lifted by chains attached to the bucket
or in the bucket itself.

Bobcats (small front-end loaders) were used as well to expose drums, to
extract drums with chains, and to carry them out to the sampling areas. Me-
chanical equipment was initially used for finding, exposing, and removing
drums, and later on hand probing and shoveling were employed to a greater ex-
tent., An updetzrmined number of drums vuptured during the course of the proj-
ect, and liquid chemicals were released to the ground. The contractor added
earth and absorbent to the collected pools of liquid and placed this material
on plastic~livned staging areas which were bermed on all sides. Crushed, empty
drums were separated from whole drums. Drums containing materials were sub-
sequently analyzed by general chemical classifications (solid, liquid, acid,
base, incinerable) for disposal.

The information obtained from the excavation and revised estimates of
drum numbers are presented in Section 3.
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SECTION 3

RESULTS OF FIELD TESTS

Section 3 discusses the location, number, and condition of buried drums;
local hydrogeolegy and bedrock topography; and the extent of chemical contamina-
tion based on the additional information obtained during the Phase IT investigation.

LOCATION, NUMBER, AND CONDITION OF BURIED DRUMS
This section describes the results of the exploratory excavation of the
Northeast Trenches, the results of the radar and seismic surveys, and esti-

mates for the number of drums remaining buried.

Results of Excavation of Northeast Trenches

Table 4 presents information received from the DEM Site-Representative,
Larry D. Riggs, concerning the results of the excavation of the Northeast
Trenches. 1t is clear that the number of drums found in the trenches exceeded,
by a considerable amount, the preliminary estimates produced at the conclusion
of Phase I.

Approximately 70 percent of the chemical-containing drums were leaking or
corroded and many burst open as a result of the activities of excavation, gen-
erating approximately 10,000 cu yd of contaminated earth.* It was the opin-
ion of the 3ite-Representative that the deteriorated condition of the drums
was caused by bulk discharze of acid into the trenches and the resulting re-
iease of additional acid from deteriorated drums. The drums appeared to have
been pushed into the trenches and covered periodically with earth, thereby
producing clusters similar to cells in a landfill. Some sections had been run
over by bulldozers to crush and compact the drums, and many drums were buried
with their buungs removed in order to allow their contents to drain out. Pock-
ets of nested liquids wevre found in the areas identified as "plumes" by the

radar survey (see Appendix B). These subsurface pockets of liquid were due to

isolated blockage of void spaces by sludge and semi-solid materials. The
depths of the two trenches varied from 8 ft to 35 ft and 8 ft to 25 ft re-
spectively, with the greater distance found at the longitudinal middle.

Results of -Radar and Seismic Surveys

The locations of the buried drums, as determined By both metal detection
and ground-penetrating radar, are shown in Figures 2 and 3. Trench locations are

*All earth contaminated by the excavation activities had been stockpiled over
an impermeable liner awaiting final disposition.

Preceding page blank ;-
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TABLE 4. RESULTS OF EXCAVATION OF DRUMS FROM THE NORTHEAST TRENCHES

Item Number
Drums Removed 23142
Drums Which Were Found Crushed 750b
Drums Which Contained Chemicals 1800
(liquid or solid)
Percent Solid and Sludge 60
Percent Liquid 40
Percent Incinerable 30
Percent Aqueous Liquids 70
(predominantly acids or
caustics)
Percent Leaking 70
Depth of Trenches 8 to 35 ft and 8 to 25 ft

a. Total number, including crushed drums.

b. This refers to the drums that were crushed during the dumping operation
and not to the crushing of empty drums conducted by the DEM during the
excavation activities.

Source: Rhode Island DEM.
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presented as reported by the subcontractors who conducted the field surveys.
Although there is not complete overlap between the outlines determined by the
two methods, it is suspected that the deviation is due mainly to inaccuracies
in the reporting of the metal detection results. However, it is recommended
that the trench boundaries as determined by metal detection be accepted until
their validity is either provenm or disproven by actual excavation. Since the
radar probed to a depth of 12 ft in contrast te the four to six feet for metal
detection, the radar would be expected to present a somewhat more accurate in-
dication of trench beundaries. Trench boundaries from the two techniques were
compared for all trenches. The radar found two trenches in the "Northeast
Trench", versus the single trench identified earlier with metal detection. On
the other hand, the radar data for the West Trench proved to give incomplete
areal coverage and therefore were supplemented by data from the metal detec-

tion.

The radar provided, ia addition, some useful qualitative information on
the way drums were placed and on the trench construction. For example, al-
though there were isolated instances where several drums appeared to be neatly
stacked, this was the exception rather than the rule; the drums for the most
part were vandomly stacked, and, at least in the top eight feet below the sur-
face (where individual drums most clearly could be identified), the drums ap-
peared to be present in clusters as opposed to being uniformly dense through-
out a trench. The radar also indicated that the top surface of the drums dis-
played an "angle of repose" from the center of the trench cross-section to the
sides.

The radar was not able to detect the bottom of the trenches, principally
because the upper drums masked what was beneath. Even in the West Trench,
where a 25~ft nominal depth was probed, the trench bottom could not be located
from the data.

The radar was abie to detect five areas of liquid plumes within trenches.
This was possible because of the higher dielectric constant of the fluid rela-
tive to the ground waker. As described in the preceding subsection, the plumes
were actually nested pockets of chemicals. The location of the trenches as
determined by ground-penetrating radar are shown in Appendix B.

The seismic vefraction survey conducted over the West Trench indicated
that drums were buried to a maximum depth of 14 feet, but since this was an
experimental applicatrion of the process, the results may not be used without
qualification until the method has been field verified. Figure 4 presents the
subsurface profile of rhe West Trench based upon the results of the seismic
work. The tentative drum burial area appears on the figure as a region with
seismic velocities between 500 and 1100 feet per second (fps): such velocities
are typical of loose or unconsolidated soil or fill. There is a sharp dis—
tinction between this zome and the one directly underneath having velocities
between 3200 and 3600 fps. The velocities of the second zone are typical of
non~saturated sands and gravels or compacted fills. Because this zone extends
below the water table, it is interpreted that the buried drums end at 14 ft,
the interface between the two zones. The lowest zone with a velocity of
15,400 fps represents the underlying bedrock.
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Estimate of Number of Buried Drums

In order to produce estimates for the number of drums remaining buried,
a theoretical trench geometry shown by Figure 5 was employed. The angle of
the vertical side walls was assumed to be 60°, the angle of the declining sur-
face of drums 459, and the angle of descent at the trench ends 45°. The angle
of repose for disturbed site soil is approximately 45°, but the excavated side
walls can maintain a much steeper slope. Table 5 compares the geometrical as-
sumptions used for the drum number estimates produced from the Phase I and
Phase II investigations.

It is also assumed for the purpose of the drum estimates that a two-foot
layer of soil covered the top -of-the burial area and two nominal trench depths
of 14 and 22 ft were used in order to bracket the range determined from remote
sensing and direct excavation.®* The bottom of the trenches are assumed to be
level with no irregularities. Straight sides for the horizontal widths and
lengths have also been assumed; the dimensions used for determining the vol-
umes of each trench are shown in Table 6.

Two densities of drums (percent of volume of drums within trench volume
below the cover layer of soil) were used for the drum number estimates: 90
percent and 50 percent. A drum demsity of 90 percent represents the closest
packing arrangement possible for cylinders without regard to interferences im-
posed by the actual geometry of the trench boundaries. An actual drum demsity
of 54 percent was calculated for the Northeast Trenches using the results** ob-
tained from the DEM Site-Representative combined with the theoretical geometry
shown by Figure 5. The calculated 54 percent deusity was rounded off to 50
percent for the lower limit calculations of the drum number estimates.

The estimated range of the number of drums remaining buried at the Picillo’
site is found in Table 7. The drum estimate was performed by calculating the
volume of each trench and multiplying the volume by the assumed drum density
to yiald the total volume of drums. The estimate for the number of whole drums
is provided by dividing the total volume by the volume of a single drum
{7.35 cu ft)., As Table 7 shows, the overall range varies by a factor of 2-1/2,
from 16,700 to 44,700, while the more likely range based upon the observed
depth of the Northesast Tremches is less than a factor of 2, from 25,000 to

44,700

The above estimates are for whole, uncrushed 55~-gallon drums. The num-
bers will necessarily increase 1f some are crushed, enabling closer packing.
The drum number estimates can be corrected for the presence of crushed drums
by multiplying by g/{(f + g ~ gf), In which f represents the fraction of
crushed drums and g 1s equal to the ratio of the volume of a whole drum to the
volume of a crushed drum. If g = 2 and £ = 0.3, for example, as indicated by

%14 ft - seismic survey of West Trench
22 ft - average depth of deeper Northeast Trench.
*#%2300 drums vemoved from two trenches with the following dimensions:
Trench A: 120 ft long, 20 ft wide, and 22 ft deep (average)
Trench B: 60 ft long, 15 ft wide, and 17 ft deep (average)
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TABLE 5. COMPARISON OF ASSUMPTIONS USED FOR ESTIMATING
TOTAL NUMBER OF DRUMS IN PHASES I AND II

Item

Phase T

Phase II

Reason for Change

Total surface area
of buried drums

Slope of side walls

Maximum depth

Cross~sectional
geometry

19,600 sq ft

45°

7 to 25 ft?

Triangular

23,800 sq ft

60°

22 ft

Trapezoidal

Radar combined with
metal detection more
accurate than metal
detection alone.

Results of excavation.

Phase I assumption
based on observed
trench geometry of un-
filled trench on site;
Phase IT assumption
based on results of
excavation.

Results of excavation;
deeper penetration of
radar. )

a. Depth depended upon convergence of side walls with 45° slope.
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TARLE 6. ESTIMATED RECTANGULARIZED DIMENSIONS OF SURFACE OF TRENCHES

Trench Location Width (feet) Length (feet)
Northwest 50 235
West 45 240
South 30 60

Source: Ground-penetrating radar and metal detection survey.
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TABLE 7. ESTIMATED NUMBER OF BURIED DRUMS
BASED ON EXTRAPOLATION OF BEST AVAILABLE DATA

Maximum Drums Randomly
Trench Drum Density Stacked
Location
d = 14 ft d = 22 ft d = 14 ft d = 22 ft

Northwest 14,800 22,400 8,200 12,400
West 13,500 20,200 7,500 11,200
South 1,700 2,100 1,000 1,200
Total 30,000 44,700 16,700 25,000

Notes: d = nominal trench depth

Random stacking indicated by results of excavation of
Northeast Trenches, approximated by 50 percent drums,

50 percent earth by volume in trench below 2-foot cover

“and assumed trench geometry, as shown by Figure 5.

Drums are assumed to be uncrushed, SS-galion drumé{
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the exploratory excavation of the Northeast Trenches, there would be 18 percent
more drums (whole plus crushed); however, there would be 17 percent fewer
whole drums.

As mentioned above, prior to the radar survey an estimated range of drums
was made which was substantially lower than the estimates presented here. The
earlier analysis plausibly assumed that the trenches with buried drums were of
similar construction to that of an unfilled trench on the site: nine feet in
depth and with sides of slope 45°. As a lesson for other similar sites, it is
wise to keep in mind that without the benefit of more accurate information,
the "worst case" corresponds to a steep-sided trench (depending on local soils)
with depth approximately equal to the water table, to bedrock, or to the maxi-
mum feasible excavation depth.

The finding with the most significance toward the evaluation of abatement
methods is that there is a large number of whole drums containing liquid and
semi-solid chemicals, rather than piles of ruptured or crushed drums. Although
many of the drums in the Northeast Trenches were found to be deteriorated
by the results of chemical corrosion, it was possible to minimize the release
of their contents to the environment by careful handling, pumping of spilled
liquids, use of absorbents, and removal of contaminated scil. It is important
to emphasize that there is no guarantee that the remaining trenches are gimi-
lar in construction, depth, or contents to the Northeast Trenches. Thus, due
caution is still advised in interpreting and using even the revised drum esti-
mates, despite their being based on the best available data,

HYDROGEQOLOGY

The objective of the Phase I hydrogeologic study was to obtain a prelimi-
nary interpretation of subsurface conditions. 1In order to achieve this, the
following tentative assumptions were used for calculations regarding aquifer
thickness, ground water flow rates, and abatement method evaluation:

@ Refusal depths in borings W6~W20 are due to bedrock.
] .The bedrock surface is tight and impermeable.

@ Literature values for hydraulic conductivity of t£ill in Rhode Island
vary from approximately 1077 to 1072 cm/sec; therefore, site condi-~
tions exhibit these extremes.

A key purpose of the Phase II investigation was to determine the depth,
topography, and relative fracturing of the bedrock and the hydraulic conduc-
tivity of the unconsolidated deposits by field measurements. The techniques
used to obtain the above information were: bedrock sampling, seismic refrac-
tion surveys, and field permeability tests. In summary, the following points
were learned as a result of these actilvities at the Picillo site:

@ Refusal depths of the previous borings were due to either boulders or
very hard till. The bedrock is generally 10 to 30 ft deeper than an~-
ticipated; the actual depth varies from less than 10 ft near the swamp
(according to wave velocities from the seismic survey) to near 70 ft
on top of the site (boring W21).
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e The bedrock is highly fractured throughout the upper 10 to 15 ft and in
hydraulic connection with the overlying glacial deposits. A permeabil-
ity test within the fractured granite gneiss indicates a hydraulic con-
ductivity of 107° cm/sec.

@ Additional field permeability tests performed during and following drill-
ing activities indicate that the hydraulic conductivity of_the unconsol-
idated deposits at the Picillo site range from 1074 to 1073 cm/sec.

® Ground water flows from the dump site to the swamp in a general southeast
to northwest direction with no discontinuity at the northwest corner, as
was concluded in Phase I. The unconsolidated zone in the region of the
northwest corner is relatively thin and most of the saturated zone is
within the bedrock.

Measurements of the water level in all the wells were taken on August 12,
1980 and used to prepare Figure 6. ({Appendix C contains a monthly plot of the
water level below ground surface since January for several wells at the site.)
Horizontal ground water flow is perpendicular to the equipotentials (lines of
equal water level elevation) shown on the figure. Missing from the map is the
area of no ground water flow, which had been part of the January 14, 1980 water
level map presented in the Phase I report.

It was determined by the installation of well W23 during the Phase II in-
vestigation that ground water does exist in this region, but it is deeper than
the refusal depths of borings drilled previously (¢, 10, 11, and 12). The Phase
I borings were driven by the wash boring method and the Phase II borings were
driven by power augering and coring of boulders and rocks. Phase II boring logs
are presented in Appendix D.

The Phase I resistivity values obtained for the northwest corner were
higher than other regions of the site, indicating little conductive ground water
contamination. It was thought that a mound in the bedrock caused a diversion of
contaminated ground water away from this area. The high resistivity values now
seem to have been the result of the depth of the saturated zone, since the ground
water sample from W23 showed a relatively high concentration of contaminants (see
following subsection for results of chemical analysis). The depth to the water
table off the northwest corner is approximately 24 ft, while it varies from less
than 5 ft to almost 17 ft in other regions surrounding the site.

Figure 6 addicionally shows that the direction of ground water flow on the
north side of the swamp is toward the swamp. Consequently, the existence of
swamp underflow of contaminants is unlikely.

The locations of the seismic profiles in relation to the site are shown on
Figure 7. It should be noted that these profiles were not surveyed and their lo-
cations are only approximated in Figure 7. Figures 8 to 11 present the results
of the seismic refraction survey, and Table 8 provides correlations between seis~
mic velocities and various geologic strata. Although the seismic profiles cross-
ing ‘the northwest region (lines 1 and 2) do not show the presence of a mound in
the bedrock, the depression that exists at the 400 ft location of line 1 (in the
region of well WD) and subsequent rise toward the northwest corner may account
for the thin saturated zone and contamination of the bedrock (as described in
the following subsection). 29
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TABLE 8. CORRELATIONS BETWEEN SEISMIC VELOCITIES AND GEOLOGIC STRATA

Compressional Wave Velocity (£ps)

Inferred Subsurface Conditions

600 ~ 2200
2400 - 3600
4000 - 5600
6000 - 8600
9000 - 11000

above 11000

Very loose and unconsolidated
soil or £ill, not saturated with
ground water or other fluid, may
include ablation tills, wvery re-
cent sand/gravel deposits.

More compact deposits than above,
but of intermediate density.
Often includes non-saturated
coarse sands and gravels, some
ablation tills, and some com~
pacted £fill materials.

Materials of either type above,
with ground water saturation.
Degree of saturation and perme-
ability generally increases with
increasing velocity to the mid-
range values, then may decrease
because of finer grain sizes in
the deposits.

Typically dense glacial tills,
either with or without groumd
water saturation. May include
deeply weathered or fractured
bedrock, with possible marine
clays in the lower part of the
velocity range.

Moderately to weakly weathered
or fractured bedrock, may in-
clude very dense lodgement tills.

Typically very dense to dense
sound and competent bedrock
units,

Note: There is overlap among the ranges above with regard to the
particular type of deposit represented by the compressional
wave velocities. Geological interpretation is commonly re-
quired for identification and deposit type.

Source: S. A. Alsup and Associates, Inc.

36



Three well clusters now exist at the Picillo site (W6 and W21, W8 and
W24, W25 and W26). One well at each location is screened in the glacial de-
posits (W6, W8, W25) and the others (W21, W24, W26) are isolated in the frac-
tured bedrock. Each cluster indicates that the fractured bedrock is hydrau-
lically connected to the overlying glacial deposits and that there is a slight
downward component of flow (differences in head of one foot or less) from the
unconsolidated material into the bedrock. Visual examination of the uncon-
solidated material during test drilling showed deeper sediments to be very
dense and contain less coarse-grained material, while field permeability tests
conducted during and following the drilling activities indicated a decrease in
the hydraulic conductivity with depth. Table 3 presents a summary of hydrau-
lic conductivity valu?s calculated from borehole permeability tests and water
level recovery rates.

As a result of the additional information obtained about the hydrogeo~
logic system, revised estimates can be made regarding the quantity of contam-
inated ground water flowing away from the site. Table 10 presents the values
used for the hydraulic conductivity and the saturated thickness of the aquifer
in Phases I and JII, in addition to the previous and revised estimates of
ground water flow. The values used for saturated thickness for the Phase II
estimates were obtained from results of the seismic refraction survey, as well
as the test boring logs. The thicknesses given approximate the distance be-
tween the water table and competent bedrock. Variations in the saturated
thickness due to seasonal fluctuations in the water table (approximately &4 ft)
do not significantly affect this analysis because of the inaccuracies involved
with interpretation of seismic refraction data. The values used for hydraulic
conductivity are taken from Table 9,

The revised estimate for the quantity of ground water flowing away from
the site and into the swamp is 10,000 gpd (with K = 104 cm/sec). This amount
is less than the prior estimate, but closer to the average daily recharge of
precipitation to the aquifer beneath the site (Phase I calculation of 12,000 gpd).

The water table map shown by Figure 6 indicates that the swamp is the sole
discharge area for contamination leaving the dump site. Although the downward
gradient in the cluster well near the swamp is slight, the possibility for down-
ward migration of some of the contaminants (and subsequent transport beyond the
swamp) cannot be discounted. For this reason it is recommended that a monitoring
well screensd in the bedrock be installad between the swamp and Whitford Pond.

Examination of a surface topographic map for the region (Figure 12) shows
that the dump is located on a three-sided knoll and that hydraulic connection
potentially exists with two other surface water bodies: Great Cedar Swamp and
Quidnick Reservoir. Great Cedar Swamp flows into Great Grass Pond, which is an
additional water source for the cranberry bog fed by Whitford Pond. Quidnick
Reservoir is not an active water supply reservoir, but serves as a recreational
lake. Although the migration of contamination to either of these two water
bodies is considered unlikely because it is counter to the water flow direction
indicated by the monitoring wells on the site, monitoring recommendations are
included in Ssction 4 to guard against this possibility.
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TABLE 9. SUMMARY OF HYDRAULIC CONDUCTIVITY DATA

Depth Below Value
Location Field Test Unit Surface (ft) {cm/sec)
W24 Borehole Permeability fine-medium sand, 16 - 11.5 5.1 x 10-4
some silt and gravel
(glacial till)
W24 Borehole Permeability fine sand and silt 20 ~ 21.75 1.7 x 10_5
(glacial till)
W24 Rising Head fractured granite 31.6 - 41.6 4.1 x 10—6
gneiss
W21 Rising Head fractured diabase (?) 68 - 78 1.8 x 10_'5

intrusive




TABLE 10. COMPARISON OF PARAMETER ESTIMATES AND
QUANTITIES OF GROUND WATER FLOW IN PHASES T AND II

‘ Phase I Phase II
! Estimate Estimate
J=J'” Elevation Contour 520: Through Dump Area
N K (cm/sec) 107 to 1072 107 to 1074
} > (£1) 9.2 50
Q% (gpd) 167 - 167,000 900 - 9,000

o Elevation Contour 495: Downgradient from Dump Area (West)

K (em/sec) 10 to 107
3 b (ft) 9.1
Q (gpd) 68 - 68,000

Elevation Contour 490: Downgradient from Dump Area (North) o

K (cem/sec) 10"5 to 10-2
b (f&) 18.3
Q (gpd) 91 - 91,000

K (em/sec) -

i
|
‘ Elevation Contour 490: Downgradient from Dump Area (Northwest)

bo(fe) -

g {gpd) -

Total Downgradient ¥Flow (gpd)
g 159 - 159,000

-5 4

to 10~
30
400 - 4,000

10

107 to 107%
40 ‘

1300 - 3,000

-5 4

to 10~
35
300 ~ 3,000

10

1,000 - 10,000

a. K = hydraulic conductivity
b, b = saturated thickness of aquifer
c. Q = quantity of flow
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CHEMICAL CONTAMINATION

The results of organic chemical analysis performed on soils and surface
and ground waters are presented in Tables 11, 12, and 13. The locations of
all sampling stations are shown on Figure 1.

The organic analyses are consistent with what may be expected from a
heterogeneous non-point source of pollutants: varying levels of contamination
and few discernable trends. The ground water is indeed contaminated with vol-
atile organic chemicals, but the general level of contamination is equivalent
to the Phase I results, indicating that the situation has not significantly
worsened. The diversity of priority pollutant species likewise is similar to
that found in Phase I. An increase in TVO concentrations at wells W18, WA,
and WB did occur over the two-week period from June 1 to June 15, 1980, per-
haps as a result of the drum excavation activities at the Northeast Trenches.

The following specific conclusions are drawn from the results obtained
during Phase II:

@ The bedrock zones of the aquifer, with the exception of the vicinity
of W23, are either not contaminated or only slightly contaminated
with volatile organic compounds, as evidenced by the TVO and priority
pollutant results for W2l and W24. This may be due to the relatively
low downward gradients of the ground water and lower permeability of
the weathered portion of the bedrock in relation to the overlying
soil.

e The bedrock zone northwest of the site is contaminated with a diverse
assortment of volatile organic pollutants, as evidenced by the ana-
lytical results for W23. As discussed in the preceding subsection,
the seismic refraction survey shows the presence of a bedrock depres-
sion directly upgradient from this region. The effect of the depres-
sion may cause contaminated ground water to enter the bedrock zone
laterally instead of vertically. This region was believed to be
underlain by a diversionary mound in the bedrock, but the Phase II
boring program showed that it is instead an area of deep (relative to
other areas of the site) ground water flow. Current evidence suggests
that the contaminants in the bedrock zone are not likely to travel
beyond the swamp. Although the bedrock is fractured, its measured
hydraulic conductivity is low, indicating that extensive rock channels
in the rock are not present or not connected. Additionally, the bed-
rock zone is not confined and therefore will discharge to the same
region as the water in the uncomsolidated deposits (the swamp). The
lack of contamination in the shallow and deep wells across the swamp
from the dump site (W25 and W26) provide additional data to support
the conclusion that ground water flow bypassing the swamp does not
occur.,

@ The results of the Phase I and Phase II organic and inorganic analyses
further substantiate the conclusion that the contamination of the
ground water is predominantly caused by the presence of volatile or-
ganic compounds. The iron levels in all samples except W25 are above
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TABLE 11. TOTAL VOLATILE ORGANIC CONCENTRATIONS IN WATER AND SOILS

TVO Concentration (parts per billion)

Soil}(approximate depth below surface in feet)

Station Water 0-10 10-15 15-20 20-30 30-40
S1 <100
Wl4 3,000°
a b
Wi8 540/1,200
w21 <100° 440 3,600 80 290
w22 530 110/125d 375
W23 16,000° e 445 750 210
W24 <100°¢ 1,060 1,030 180
W25 315/450+¢ 350 270
W26 <100°
WA 23,0002/37,000°
WB 26,000%/45,000°
S - surface water sample Blank Spaces Indicate No Sample Collected
W - ground water sample
a. sample taken 7/1/80
b. sample taken 7/15/80
c. sample taken 7/29/80
d. replicate amalysis
e. results invalidated due to inconsistencies between field and laboratory sample numbers
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TABLE 12. VOLATILE CRCANIC PRIGRITY POLLUTANT CONCENTRATIONS IN GROUND AND SURFACE WATERS

Station (concentrations in parts per billion)
Pricrity Pollutant

51 Wi4 Wit w23 W24 w25 W26
benzene 380
1,2~-dichlorcethane o<1 47 10
1,i,i~trichloroethans 3,000 4,600 11
1,1-dichloroethane / 88
chloroform 6,700 2,400 1to9
1,1-dichlorcethylene =] 9 350 a
i,2-dichloropropane § 270 E E
methyl chloride & ' i 1,700 B
methylene chleride % % 4,400 %
tetrachloethyliene =z 12 =z 330 =
toluene ) 6,100 1to9
trichloroethylene 39 950
vinyl chloride 520
trichlorofluoromethane . 3,600
ethylbenzene . 1,100

Blank spaces indicate None Detected
S - surface water sample

W - ground water sample

Samples taken 7/29/80.
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TABLE 13. GENERAL INORGANIC CONSTITUENT CONCENTRATIONS IN GROUND AND SURFACE WATERS

Inorganic Parameters

Specific a b
Station Conductivity pH :
Total Dissolved b b Chemical Oxygen
(ymho/cm) Solids (Ppm)ﬁ Chloride (ppm) Iron {(ppm) Demand (ppm)b
sl ND 5.9 120 15 1.2 64
Wlé 800 @ 12°C 6.9 640 5.5 0.4 28
w21 140 @ 13°C 7.7 130 4.0 3.0 73
W23 315 @ 12°% 7.3 290 27 3.0 91
o W24 190 @ 13° 10.0 140 37 1.0 26
W25 80 @ 25°C 7.3 28 5.5 0.2 13
W26 55 @ 199¢C 6.9 73 4.5 1.8 83

S - surface water sample
W - ground water sample
ND - not determined

a. field determined
b. laboratory determined

Samples taken 7/29/80.



the drinking water standard of 0.3 mg/l, but the presence of iron in
the background wells W21 and W26 indicates that this is a general trend
not related to the dump. The only evidence of inorganic pollution is
the high pH at well W24, most likely caused by a localized source of
caustic substances. An unusually high COD value was found for well W26,
but it is concluded that this is due to the presence of natural organic
materials, as evidenced by the low TVO results and near absence of
volatile priority pollutants (a trace of toluene was found which may
have been introduced by drilling or pumping activities).

e Since no water was flowing out of the swamp into Whitford Pond when the
samples were taken, it is not possible at the present time to determine
conclusively whether or not the swamp acts as a treatment mechanism for
the volatile organic contamination of the ground water. A water sample
from the swamp (S1) was taken at a location close to the outlet point
and this was found to be free of organic contamination. Sampling of
surface waters in the proximity of the dump site was done by the U.S.
EPA 0il and Hazardous Materials Section on May 5, 1980.* At this time,
water was flowing from the swamp into Whitford Pond. A sample taken in
the contaminated region of the swamp (station PF02a) shows the presence
of assorted chemical contaminants, while a second sample taken at the
swamp outlet {station PF03) is free of all contaminants. The two sam-
pling locations are shown on Figure 1. The analytical results from
these samples are presented in Table 14. To date, three sampling pro-
grams (MITRE Phase I, MITRE Phase II, and EPA) have not indicated that
the chemical contamination existing at the eastern edge of the swamp is
being carried to Whitford Pond and these data also suggest that vola-
tilizatioun to the atmosphere is responsible for the elimination of pol-
lutants from the hydrologic system. However, due to the low flow con-
ditions which occurred during the July 1980 sampling period, a compre-
hensive investigation was not possible and the hypothesis that the swamp
gerves as a treatment mechanism remains not completely validated. It
must be emphasized that, although treatment of the swamp outflow is not
presently warranted, the swamp waters should be monitored regularly in
case future discharge of chemicals to Whitford Pond occurs.

The EPA additionally sampled a stream which would be the potential route
of pollutants from the dump site to Quidnick Reservoir. The sampling station
is located on Victory Highway, approximately 2000 ft south of the Perry Hill
Road Intersection (see Figure 12). None of the organic constituents shown in
Table 14 (the sample was not analyzed for inorganic constituents) were found to
be present. As in the case of the inlet to Whitford Pond, this stream should
be periodically monitored to protect against the possibility that the pollutant
migration may be more extensive than the ground water map indicates.

*The other sampling locations were: (1) ponded leachate seep north of site,
(2) stream on Perry Hill Road which discharges to swamp, (3) two inlets to
Quidnick Reservoir, (4) the cranberry bog downstream from Whitford Pond,

(5) the stream outflow (Roaring Brook) from the cranberry bog, and (6) the
stream outflow from Arnold Pond, downstream from Roaring Brook. All samples
were uncontaminated except the leachate seep which contained measurable
amounts of volatile organics.
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TABLE 14. RESULTS OF THE U.S. EPA SURFACE WATER ANALYSIS
AT EASTERN REGION OF SWAMP AND SWAMP OUTFLOW

Constituent

Concentration in parts per billion

Station PFQ2a

Station PF03

1,1,1-trichloroethane
trichlorcethylene
benzene

toluene

methylene chloride
chloroform

acetone
tetrahydrofuran
methyl ethyl ketone
methyl iscobutyl ketone
tetrachloroethylene
ethyl benzene

xylene isomers

phenol

cresol isomers
dimethyl phencl isomers
o-dichlorobenzene

cyanide (in parts per million)
phenol
silver
arsenic
beryllium
cadmium
chrome
copper
mercury
nickel
lead
antimony
selenium
thallium
zine

1,600
840

510
1,400
3,700
1,000
NQ
NQ
NQ
250
700
1,700
5,625
375
86
420

0.02
270
2.00
0.00
25.0
75.0
38.0
55.0
1.00
738
280
0.00
52.0
0.00
70.0

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

NQ - Not Quantitative
ND - Not Detected
- = not analyzed
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SECTION 4
RECOMMENDATIONS
Section 4 presents recommendations for actions leading to long-term
abatement of contamination at the site and for procedures to monitor the ef-
fectiveness of the techniques employed.

SUMMARY OF PHASE I1 INVESTIGATION

It was necessary during the Phase II investigation to resolve the follow-
ing questions in order to provide a basis for evaluating long~-term abatement
methods:

@ condition and number of buried drums
e condition and topography of bedrock
e effectiveness of the swamp as a treatment mechanism.

Each of the above three items has been addressed in Section 3, and the princi-
pal conclusions are summarized below.

Condition and Number of Buried Drums

The excavation of the Northeast Trenches showed that some of the assump-
tions used for the previous estimates were incorrect. The revised estimate
for the remaining buried drums is between 16,700 and 44,700 on a whole (un-
crushed) drum basis, the range reflecting different assumed nominal trench
depths and densities of drums in place. This range can be narrowed if ome
were willing to assume the Northeast Trenches are fully representative of the
other tranches. Even though approximately 30 percent of the drums in the
Northeast Trenches were crushed, this was not taken into account in the above
analysis. There is, of course, a danger in extrapolating the mix of percent-
ages of drums containing various chemicals from the Northeast Trenches to the
other trenches because the remaining trenches may differ in construction,
depth, and contents. It appears from the excavation, nonetheless, that a sig-
nificant number of the drums contain liquid chemicals which would continue to
be released over time if not removed from the ground.

Condition and Topography of Bedrock

As was discussed in Section 3, the bedrock sampling and seismic refraction
survey showed that the bedrock is much deeper beneath the site than was previ-
ously assumed and that the bedrock surface is very irregular. The bedrock is
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also highly fractured within the upper 10 to 15 feet, hydraulically connected
to the glacial deposits, and cannot be considered an impermeable barrier.

Ef fectiveness of the Swamp as a Treatment Mechanism

Because of the seasonal low flow conditions, it was not possible to de-
termine whether the ground water pollutants (predominently volatile organic
chemicals) completely volatilize in the swamp. However, none of the analyti-
cal testing to date has shown the presence of contaminants discharging into
Whitford Pond. Continued monitoring of the swamp outflow and the bedrock will
be necessary to guard against the possibility that pollutants may discharge
during higher seasonal flows.

ABATEMENT OF SITE POLLUTION

The conceptual designs, advantages, disadvantages, and estimated costs of
several long-term alternatives were presented in the Phase I report {see Sec-
tion 1 for reference). The following options were presented:

@ no action

@ source encapsulation

¢ leachate collection and treatment (via interceptor trenches)

@ removal and disposal of drums and chemicals.

The kev advantages and disadﬁantages of each option are summarized in
Table 3 and described in more detail in the Phase I report. In addition, the
Phase I report takes into account the following considerations:

& short-term and long-term consequences and impacts of each option

¢ time-phased implementation of a combination of options

® major assumptions concerning selection and design of each option.
Noune of the above abatement options was recommended at the conclusion of
Phase I because of a lack of certain significant information about the site.
Short-term abatement measures were recommended instead, in order to protect

the public health while the Phase II study was underway.

Evaluation of Major Alternatives

With the additional knowledge gained from the Phase II investigation, it
is possible to evaluate long-term altermnatives and make a recommendation on
the preferred course of action. Table 15 summarizes this evaluation. Since
the recommended course of action became apparent without the necessity of re-
vising cost estimates for each of the alternatives, such estimates are not
included in Table 15. However, the cost of each option will now be different
from that presented in the Phase I report. Realistically, the potential costs
of both the source encapsulation walls and leachate collection trenches would
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| TABLE 15. SUMMARY EVALUATION OF LONG-TERM ABATEMENT OPTIONS

| Long~Term Option

Summary Evaluation

‘ 7 Option 1: Encapsulation Not Recommended

significant source of chemicals
in liquid state (perpetual threat
for environmental release)

.
e

¢ deep bedrock (high cost)
@ fractured bedrock (too permeable
for secure base)
Option 2: Interceptor Trenches Not Recommended
e deep bedrock (high cost)
e irregular bedrock surface (high
" cost)
@ fractured bedrock (too permeable
for secure base)
Option 3: Drum and Chemical Removal Recommended

source of contaminants removed

-~ with continued monitoring of
L, plume and swamp e dispersion of contaminants.in
‘ ground water monitored
‘ No Action Alternative Not Recommended
‘ e gignificant source of contamina-
" tion (potential for long-term
‘ continuous release)
|
® swamp not proved to be treatment

mechanism (potential for spread
of contaminants resulting in
human contact)
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be mwuch larger due tc the Increased excavation required to reach bedrock.
Similarly, the cost of complete drum removal would also be higher due to the
revised drum count, greater depth of trenches, and large amount of generated
contaminated earth (if the Northeast Trenches are considered representative of
the other trenches).

Because a significant source of chemicals remains within the drums buried
on the site, the recommended course of action is a carefully conducted program
of excavation of drums; disposal of the drums, chemicals, and contaminated
soils; and continuocus and periodic monitoring of the plume and swamp. This
combined approach will remove the source of the chemicals and monitor the dis-
persion of the contaminants presently in the ground water. If at a later date
it is discovered that the swamp does not serve as an effective treatment mecha-
nism for the contaminants in the plume, procedures can be Iinstituted to appro-
priately treat the swamp effluent. This would be feasible because the swamp
outflow to Whitford Pond occurs in a well-defined stream. Access to the stream
is provided by a dirt road adjacent to the east edge of the pond (see Figure 1).
Any treatment system designed for this outflow stream would have to be sized
for maximum seasonal flow rates.,

The no-action alternative is not recommended because of the potential for
continuous, long-term release of contaminants with the inherent risk of exposure
to the public. This exposure may develop from. contamination of water supplies
and food stocks or may result from an increase in population density within the
now-rural contaminated area.

Encapsulation is not a recommended option because of the condition of the
source of chemicals and condition of the bedrock. .First, since the source of
the contamination is now expected to contain a significant amount of liquids,
there would be a potential for future release, requiring perpetual vigilance
and maintenance. Additionally, the bedrock surface appears to be too frac-
tured to provide an impermeable base and too deep for ecomomic justification
of containment walls.

Interceptor trenches are not recommended because of the extreme lrregu-
larity of the bedrock surface requiring the use of numerous pumping stations,
and also because the rock is too permeable to function as an effective base.
Using pumping wells instead of interceptor trenches to collect contaminated
ground water may be possible if the swamp does not act as an adequate treat-
ment mechanism, but this is not recommended because of the low hydraulic con~
ductivities of the till and bedrock (10‘4 to 1076 cm/sec) and the low total
flow of contaminated ground water (1000 to 10,000 gpd). A more simple and
cost-effective method of collection would involve pumping directly from the
stream between the swamp and Whitford Pond as was described above.

Implementation of Preferred Alternative

Table 16 presents general recommendations regarding contractor procure-
ment, safety procedures, working conditions, and field procedures with refer-
ence to the preferred long-term abatement alternative, removal, and disposal
of drums and chemicals.
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Table 16. General Recommendations for Drum Excavation

Procurement of Contractor

Procure disposal services simultaneously with excavation services
Obtain written technical approach from excavation contractor including:
~ drum probing and removal procedures

- logistics of excavation (personnel required, equipment
movement, removed soil, and drum placement)

- procedures for drum sampling and logistics of disposal
operations

- procedures and logistics for treatment or removal of
contaminated soll {(and establishment of borrow areas
if necessary)

- procedures for protection of drum staging area to avoid
generation of contaminated water

- safety procedures
- contingency and emergency plans

Contract on a time-and-materials basis

Safety Procedures and Work Conditions

Monitor contractor activities by a full-time DEM Site Representative

Determine "work area" according to air quality where smoking is pro-
hibited and respirators are required; delineate work area with rope .
fence and signs

Control access to site of non-contractor persomnel (24 hours per day,
seven days per week security), escort all visitors, require proper
safety equipment within work area

Establish crew rest area and guard station outside of work area

Install communications equipment to summon emergency aid and organize
fire fighting procedures in advance with fire department personnel

Require seli-contained breathing equipment in trench area

Requice first—aid capability of contractor, particularly the ability to
wash off splashed chemicals

Require periodic monitoring of trench-area air with explosivity meter

Field Procedures

Use metal detector as a guide to locate drums in the field after pre-
liminary outline of trench has been determined from metal detection and
ground-piercing radar surveys

Address drums individually and with a minimum of physical shock
Contain and remove all spilled liquids where possible

Note and record, to the extent feasible, trench depth and construction,
and locations of high drum or contaminated soil concentrations in an
attempt to validate remote sensing data

Measure leachability of excavated soil to determine whether it should
be classified as a hazardous waste requiring disposal in licensed secure
landfill
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Disposal services should be procured simultaneously with excavation serv-
ices so the entire cost of the project can be estimated before initiation and
cost estimates can be revised periodically while the project is in progress.
The latter action should be taken frequently enough to prevent budget overruns
and to guide field decisions concerning contractor scope-of-work. A time-and-
materials type of contrac¢t is recommended for the excavation in order to better
meet unforeseen difficulties and to reduce the incentives for contractor short-
cuts in performance of work or safety measures. Technical approach, including
safety procedures, disposal methods, and emergency plans, should be a part of
all prospective contractors' proposals and serve as the principal criterion
for proposal evaluation, in addition to cost.

The safety procedures employed by the contractor should be reviewed and
approved prior to project initiation. It is recommended that a "work area" be
determined around the excavation area, in which all perscnnel be required to
wear appropriate safety gear. Air quality sampling devices should be used to
determine the extent of the work area. The boundaries of the work area should
be revised periodically as the project proceeds. It is recommended also that
organic vapor respirators be worn within the work area and self-contained
breathing devices be worn in the excavation areas. All first-aid equipment
should be readily accessible to all crew work areas.

Site access should be restricted and all visitors escorted while within
the work area. The site should be guarded (24 hrs/day, 7 days/wk) and the
sponsoring agency should have a Site Representative in attendance while the
contractor is working. It is recommended that the Site Representative have
the following responsibilities:

o monitor progress of contractor

e make field decisions concerning contractor scope-of-work, procedures,
and project priorities

e produce project cost projections on a periodic basis and evaluate
cleanup progress

# interact (coordinate) with all site visitors and concerned parties
and agencies.

By comparison with the situation on a typical construction project, the
Site Representative on a major cleanup project plays an unusually broad and
" critical role. Hazardous waste cleanups are atypical for at least two impor-
tant reasons: (1) the project is rarely well-defined, the problems are not
completely known at the outset, and therefore someone representing the spon~
soring agency must be in attendance to make the necessary field decisions or
recommendations and to continuously monitor project costs in relation to clean-
up prioritfies and available funds; and (2) cleanup projects have high public
visibility, both locally and nationally, with concomitant potential for the
spread of misinformation and in some cases undue alarm. Additionally, there
is a great deal of interagency involvement (e.g., EPA, state agencies, local
fire and police departments) which is most effectively coordinated through a
central individual, with appropriate authority or ready access to such.
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During the excavation, it is preferred that drums be addressed individ-
ually where possible and that the probing, exposing, removing, and transport-
ing activities be conducted with a minimum of physical shock. If rupture of
drums does occur, attempts should be made to contain and pump out the spilled
liquids to prevent either the mixing of liquids (which may cause potentially
dangerous chemical reactions) or the release of liquids to the ground and air.
In addition to impermeable clothing and self-contained breathing apparatus, it
is recommended that the workers in the trenches wear light-weight body armor
to protect against explosions.

An important comsideration concerning the excavation of the remaining
trenches is the proper decontamination of the soil that is removed along with
the drums. Although generally accepted or mandated procedures for treatment
and/or disposal of soil contaminated at a site such as Coventry have not been
established, periodic analysis of the soil or extracted leachate is recommended
to insure that any soil left on-site will not continue to be a significant
source of contamination once the drums have been removed. Additionally, the
presence of polychlorinated biphenyls (PCBs) further complicates the problem
of contaminated soil, since disposal of any liquid or solid substance varies
with the concentration of this pollutant. Therefore, periodic chemical analy-
sis of the contaminated soil is recommended to determine whether it can be
aerated to remove volatile components and whether there will be significant
amounts of leachable components remaining. If the latter is true, the soil

will require disposal in a secure landfill.

Table 17 presents general recommendations for procedures to monitor the
effectiveness of the alternative chosen to abate site pollution.- Although no
requirements currently exist for the establishment of a monitoring program at
a site such as Coventry, it is essential that both up and downgradient ground
water samples and downstrzam surface water samples be regularly collected and
analyzed to insurs that the impact of the site upon the environment is lessen-
ing and that the public health is unaffected. The recommended monitoring pro-
gram includes site wells, household wells, the inlets to Whitford Pond, Quid-
nick Reservoir, Great Cedar Swamp, and the cranberry bog as sampling stations.
Volatile priority pollutant and TVO analyses are recommended for the more fre-
quently collected samples, while full priority pollutant scans should be per-
formed on the pond inlet and the cranberry bog at least once a year. It is
imporiant that the monitoring program be maintained until the DEM is certain
that all of the contaminants have dispersed to safe levels and that no public
health threat exists. Until this condition is reached, it is recommended that
all public or private use of the dump site, leachate plume area, and swamp be
prohibited. It will be necessary to analyze the soil at the dump and the
sediment in the swamp in ovder to determine that the concentration of contami~
nants has been reduced to safe levels. This sampling program may be performed
at the conclusion of the monitoving period.
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TABLE 17. GENERAL RECOMMENDATIONS FOR MONITORING EFFECTIVENESS
OF PREFERRED ABATEMENT ALTERNATIVE

Sampling Locat umb

Analysis

Frequency

Comments

Surface Water

inlet to Whitford Pond (on
dirt road conmecting with
Perry Hill Road)

inlets to cranberry bog (from
Whitford and Great Grass
Pond)

inlet to Quidnick Reservoir
(at Victory Highway, approxi-
mately 1000 ft south of Perry
Hill Road)

inlet to Great Cedar Swamp
{approximately 1500 ft west
of cemetary at end of West
Log Bridge Road)

Ground Water

wells W6, W8, Wl4, W15, W19,
W23, W24, and Picillo house-
hold welil

household wells (within one
mile radius of site)

monitoring well between swamp
and Whitford Pond {on dirt
road connecting with Perry
Hill Road)

Air Quality

air quality of swamp and dump
site

volatile priority pollutants
all priority poliutants

all priowity pollutants

volatile priority pollutants

volatile priority pollutants

vo0

velatile priority pollutants

volatile organic cowmpounds
{portable gas chromarograph)

each season (every 3 months)
once each year

once each year {(before
growing season

twice each year (spring and
fall months)

twice each year (spriag and
fall months)

twice each year {spring and

fall wonths)

once each year

each meason (every 3 months)

each season {(every 3 months)

frequent sampling suggested
because swamp is surface
discharge point for contami-
nated ground water

full priority pollutant scan
recommznded because of apri-
cultural use

extensive sampling and analy-
sis not recommended unless
shown to be discharge area

extensive sampling and analy-
sis not recommended unless
shown to be discharge area

W6: upgradient; Wl4, W15,

W8: downgradient, in uncon-
solicated deposits; Wi9,
Picillo household: downgra-
dient toward Quidnick Reser-
voir; W23, W24: downgradient,
in bedrock, water level ele-
vations should be recorxded

at time of sampling

sampling of local household
wells addresses primary con-
cerns of nearby residents

well not presently installed;
should be screemed in soil and
bedrock to momitor for sub-
surface migration of contami-
nants from swamp to pond

determine potential harmful
effects of air quality with
each season and evaluate need
to physically restrict access
to site or swamp

a, Subject to promuigation of

b. See Figure 7 for locatioms.

Federal post-closure monitorinmg regulations concerning uncontrolled hazardous waste sites.
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FR__  sormg no _21

PROJECT LOCATION e . ORILLED BY.
DATE STARTED_6/5/80 INCUNATION_________ toceeDey__"Es NC cromomL_
DATE COMPLETED__6/12/80 BEARING CHECKED 8Y TOTAL DEPTH_78'3"
EL |oesmd SAMPLE REMARKS ON |
TYpe- | BLows | PEM | REC | ADVANCE OF |Z2 SOIL AND ROCK DESCRIPTIONS
o | o | M (PR o | W | BoRING £
" 3 6 in 0D Silty sand ~ fine to v. fine grained,
T S1 5 18| 6 |cont. some med-coarse grained sand with
L 5 flight fine gravel
L : hollow
stem auger
o 0-39.5
-0 73
S2 29_,.18110 Gravelly silty sand -~ widely graded,
L 38 pred. fine-grained. 10~15%7 non-
8 plastic fine, occ. fine gravel to
1-3/8 in (gray brown) occ. olive
r gray silt pockets
b 10 14
R s3 15 18110 | (40 cc Sand - very fine grained, uniform,
26 sample) approx. 5% nonplastic fines
r stratification not apparent, lt.
L gray ]
e 15 79
N 84 24%| 18112 3-12 in . Sand -~ widely -graded, clean .
18 40% nonplastlc fines occ. angular |
~ fine gravel. o T
" 0-8 in Silty sand - fine gralned 0
- 10~15% med~-coarse sand, occ. gray '
- 90 79 (40 ce brown fine gravel
-85 [ ]133 )18 16"ﬂzfaﬁml€) 8-14 in Fragmented gravel, clean
53 wet
f ! 14-16 in Sandy silt - v. fine grained,
" occ. med-coarse sand, brown
Yoy H
25 56 iggii. 6| 5 Gravelly silty sand - widely graded
B approx. 10-20% nonplastic fines.
- Locally plean till structure -
d -
~= 30 48 (40 cc Same as 56 ~ locally v. fine grained o
L §7..1.000/4" 12! & 1 dense till structure, gray brown |
b /7" : gample)
e .
S8
BLOWS PER 6 - |401n hommer falling 30 o drive | NOTES *B1 £ 300 1b
@ i 4000R saMpPlar ows 0 a ~ '
:EN:Ponmman tangth of sampier hammer falling 24 in to Depth to water table "‘20 H
Q |REC" Length of sampie recoveven H
é p 2 effect 6 in of penetra- :
E tion 0aTE saosger no 1671V !

W,

Precedmg page bEank

GROTPCHNICAW cvamnesws s,

PAGE

L

BORING NQ 21
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PROVECT LOCATION ORILLED BY_ ___________ BORNG No.___ 21
DATE STARTED INCLINATION LOGGED 8Y GROUND EL.
DATE COMPLETED BEARING CHECKED B8Y TOTAL DEPTH
eL | oEPTH SAMPLE REMARKS ON |
Typg - | sLows | een | REc | ADVANCE OF gg SO, AND ROCK DESCRIPTIONS
o | oo | M |EReT L | soming z”
- S8 72 ) 1
- 73%{12 |12 Gravelly silty sand - approx. 20% non- |
- plastic fines. Sand is pred. fine -
L to v. fine grained, with angular |
gravel ]
— 40|89 65 | 6 | 6 | (40 cc Similar to $8 ~ gravel fragments, -
. 50/1" sample) biotite granite stuck in sample .
i shoe, occ. angular gravel R
— 45(S10 _’74/1..5 '6 | 6 Similar to $8 - gravelly silty sand -
N JBI*/B.S“ angular 3/4" gravel, biotite i
grains, v. fine-grained sand
L .
— 30 49'6"-50" Boulder -~ granite gneiss it
_\ NX“I 60 17 N . ' ' B "T‘
- N s e ‘ ; -
L 1537-53" 11" boulder - granite gneiss .
— 55 75/4 | 4 |0 no sample N
58%/0
— 60|S11 34 | 1215 Gravelly silty sand - angular qtz -
L 130/3' fragments to'%'", v. fine~grained .
60%/ 3 Sand, silt than S10 3
— 65812 22 18| 18 Decomposed rock - blue gray, dense -t
- 39 clayey texture J
(= 68 -t
i p3%/0 0
BLOWS PER 6" - 1401b. hammer folling 30" 1o drive NOTES
o it yoaon sampler #Blows of 300 1b hammer
PEN~ Peretration langth of sampier i
g ﬁéc:m: af'amm racaverad falling 24 in to effect :
ST - SO so0em samme i trati '
2 § - Spilt spoen samme 6 in of penetration — ——————TETIV
PAGE ____é____ oF ___-i__ T

£

(D CETFCHMICAL ENGUSEERS INC
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BORING NO. ___ 21

PROJECT L.OCATION DRILLED BY.
DATE STARTED INCUNATION LOGGED 8Y GROUND EL.
DATE COMPLETED BEARING CHECKED BY TOTAL CEPTH
eL  |oepm SAMPLE REMARKS ON |
TYPE - | BLOWS | PEN REC | ADVANCE OF z g SO AND ROCK DESCRIPTIONS
" < )
. o | M [PERET o BORING £
r NX2 15 |13 |69'6"-70'7" |Similar to S12 - blue gray decomposed
o dense rock, clayey (core barrel i
- (roller sticks) 1
3 bit) R
L i
- 75 51 (49 |74'6"-78'31 [Weathered diabasic rock (sill or dike) -
L NX3 with few hornblende(?) phenocrysts o
RQD*=57% clayey fillings in fractures
. 80 -
! ]
- i
i 7
i -
().- -t
L 4
i -
- pa
nd —
BLOWS FﬂEl:ﬂ s"' -wuom nc;mu falling 30" te driva | NOQTES
it 3poon sampler .
PEN- Penvirotion length of sampler *RQD = To Ck' quallty H
S |FEF Lanam of samsie fecovered designation - % of :
§ S - Spllt 30000 sammte total length of core .
< recovered greater than | PROJECT NG E
4 in., in length. PAGE 3 or__ 3  sommng mo_21

CD GROTFOMNICAL ENGINEERS ING
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PROJECT __ LOCATION DRILED BY____FR __ BORING NO. __22

oate sTamvep_ 6/13/80 INCLINATION LOGGED BY NC GROUND EL. ]

oate compLeten_ 0/17/80 apaaing CHECKED 8Y TOTAL DEPTH_41'8"

EL DEPTH SAMPLE REMARKS ON ©

. Type- | sLows | pew | mec | ADVANCE OF |8 SO AND ROCK DESCRIPTIONS

1. O O L L R BORING g
I s1 2 18| 616 in OD Sand - fine-medium grained, ocec. coarse, 1
r 4 cont flight| some angular gravel ¥

hollow stem B

- 8

auger 0-15'

» 45
37

127wet

Gravelly sand - fine-medium grained -
subangular gravel to 3/8", little
silt

-

Silty sand - fine-medium grained -
frequent biotite, no stratification |
apparent

Sand - fine graimned, %" subangular
gravel, upper 12"~gray, lower 6"-
brown (running sand)

UG IO I ‘L__l-..-l_...i

iSand - fine grained, 10-20% silt brown —

Boulders ~ granite gneiss -

— 10 | 83 13 18 | 16 (40 cc

A 18 sample)
24

L

.15 | 84 13 118 | 18 (40 cc
12 ‘sample)

i 13

-

™20 | 85 17 118 31(40 cc

e 18 sample)

r 28

[‘25 NX1 60 {17 RQD = 0

N 1o

~—30 | 86 51/4" 18 { 13

L 16%/2'

L - 43* 3218"_3618"

~ Nx2 48 |39 RQD = O

Silty sand - fine-grained, granite —
fragments to 1" -

BLOWS PER 6~ 1401b. hammer falling 30 to drive
a spiit spoon sampier
PEN- Penstranhon lsngth of sampier
REC* Length of sample recovered
“ Groundwalter
5 - Spiilt spoon somple

LEGEND

tion

*Blows of a 300 1b ham~
mer falling 24 in to !
effect 6 in of penetra- :

Depth to water table =5'.

DATE PROJECT NG. !

mee__ L __or__ 2 scriNG No.__ 22 !

CD GEYTFCHNICAL ENCINEFNRN INC
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DRILLED &Y BORING NO.___ 22

PROJECT LOCATION
DATE STARTED INCUNATION LOGGED BY_____ _ ___ GROUND EL.
DATE COMPLETED, BEARING CHECKED BY_____  TOTAL DEPTH
EL DEPTH SAMPLE REMARKS ON "
TyPe - | BLOWS | PEN | REC | ADVANCE OF =3 SOIL AND ROCK DESCRIPTIONS
“ o
. . NO. [ PERET BORING £
L Boulders - granite gneiss g
36'8"-41'8"
I RQD = 23% i
- NX3 60 | 60 Highly fractured granite gneiss
b 40 moderately weathered, some breaks —f
B rusty -
L »
b ]
i ]
t
!
- ~
. ..” !
I
t
i 1
b -
P ——
L- -t
o -
[ -t
BLOWS PEN 6 - |ADIh hommer folling 30 10 driea | NOTES
Q spht spoon sampier
PEN~ Pengtraion iengik of sempier
£ {REC* Length of sample racovared !
E|F - Scoundworer i
2 3 * Spiit 3pcon sampie
- OATE PROJECT NO. !
PacE___ 2 of 2  somnG wa__ 22 .

GEROTRECHNICAL ENGINEERS 1NC
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PROJECT

FR 23

LOCATION ORILLED 8Y. BORING NO.
paTE STARTED__6/18/80 INCLINATION Loe6ep By __NC GROUND EL.
DATE COMPLETED6/23/80 BEARING CHECKED 8Y TOTAL DEFTH_37'11"
EL DERTH SAMPLE REMARKS ON "
Tveg- | sLows | men | mEc | ADVANCE OF |Eg SOIL AND ROCK DESCRIPTIONS
" <
" o | M PRSI L BORING £
. 3 % in 0D Silty sand - fine-medium grained 20% .
o S1 3 18 | 2 |cont flight coarse sand (rock stuck in sampler) -
L 4 hollow stem ' 4
i - auger 0-25° |
- 5 10 o
L s2 18_118} 12 Sand - fine-medium grained %-1" granite |
22 fragments 10% silt, 20% med-coarse
N sand, 707 fine sand N
~ 10 33 24 181 18 (40 cc Gravelly sand ~ fine-medium grained, -
L 27 sample) 41" gravel fragments 10% silt .
35
- ]
L R
]
15 12 (40 cc Gravelly sand ~ similar to 83 granite -—
L S4 12 18 sample) fragments ,
_ : S -
- 20 35 42/3"™ 4l 4 (40 cc Sand ~ similar to S3 o]
B 41%/1Y sample) R
wet
- S54 | |29/3 3] 3 Unable to spin casing through augered — -
L 10*/0Q 231111281111 hole - move over 2' - gpin casing .
- . to 20'9" core to 22'7" - boulders
25 NX2 60 | 34 |RQD = 15Z (granite gneiss) —
- S54 - silty fine sand - stratified -
L with fine laminations of silty sand !
and silt
- 3 48 | 48 28'11"-32'11" |Fractured granite gneiss ~ average joint -
e 30 X RQD = 85% spacing 5" - Fe oxide staining on ..
B breaks - some green chlorite (7) i
filling in breaks. Pegmatite seam
2 (25"), some healed fractures open "
- 32'11"-37'11" during coring -
i NX4 60 | 60 RQD = 77% l

< Groundwoter

LEGEND

S - Split spoon 1ampie

BLOWS PER G - 14015 hammer failling 30" 10 drive
@ it spoon sampler

PEN - Penatrothon langth of tamoier

REC* Length of sumple recoverad

OTES
éhlows of 300 1b hammer
falling 24 in to effect
6 in of penetration

Depth to water table =23'

PROJECT NQ

BORING NO. 23 :

CD GROTFCHNICAL ENGINEERS ING
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BORING NO. 23

i PROJECT LOCATICN ORILLED 8Y.
‘ DATE STARTED INCUNATION, LOGGED 8Y GROUND EL.
( DATE COMPLETED, BEARING CHECKED BY TOTAL. CEPTH
|
‘ EL DEPTH SAMPLE REMARKS ON "
| TYPE~ | BLows | PEN | ReEc | ADVANCE OF F$4 SCIL AMD ROCK DESCRIPTIONS
» <
/’ o | om | M (PERETT L | . | BORING g
( B NX4 Fractured granite gneiss ]
‘ - i
| 4o S
- -
- ~
- i
P ]
i |
I T
— -
L R
!
B T
[
i - —
| - i
| {_ d
J I .
" - A
f r —
|
o r -
‘J L -
| - ]
| -

‘ BLOWS PER 6" * 140D hammar failing 30 1o drive
pler

4@ sphit spoom samy
PEN = Penetration length of sampier
REC- Length of sampie rreoverad
F - Groundwater
5 - Sptif speon sample

LEGEND

NOTES

PROJECT NG,

PAGE

—2_

OF

-2

8CRING NO.__ 23

QD GROTFUHNICAL ENGINEF NS (NG
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PROJECT LOCATION oriLED By FR_____ BomnG No.__24

oate sarrep_6/24/80  incunsmion LOGGED BY____NC, RT _ GROUND EL.

DATE compLETED__//2/80 BEARING CHECKED BY TOTAL DEPTH 42'4"

£L | oEPTH SAMPLE REMARKS ON |

TypE - | sLows | pen | mec | ADVANCE OF | EQ SOIL AND ROCK DESCRIPTIONS

s, o | M lPERET BORING g
- A Spin 4" Sand - find-medium, widely graded, 204 1
-~ 31 6 |18 | 8 jcasing coarse, <10% fines granite fragment#
L 12 0-25" to 1" (stuck in sampler) i
— 7 Sand - silty fine, olive, 40% fine, 30% 7]
- s2 11118 | 2 | medium~-coarse, 30% pebbles (1/4-1")
= 10 widely graded i
— 10 7 (40 cc Olive fine sand - 10%, 30% medium-coarse |
N L83 15418 L 5| sample) sand, 15% fine gravel (1 3/4" qtz -
L 14 pebble in sampler nose) -
L J
5 i

4
—15 72 (40 ce Olive fine sand - 10% fines, 20% medium-—,f
- 84—t —23—118—+10 sample) coarse sand, 10%Z finme gravel and ~
| 38 granite fragments (1/4-3/4") _]
i ]
— 20 51 (40 cc " [6Iive-brown fine sand - 10% fines, -
- 85 65 |18 (12 | sample) similar to S4, weathered qtz i
168 pebbles to 1"
i 56 18412 6 .Similar to S5 -~ red brown fine sand— —]
- 177 dense, less gravel -
- 25 |- S 7450/ 1"~ 33— ,
L 12%/2' 2573" - Weathered granite fragments i
30'3"

i NX1 60 40 |RDQ = 20% Highly weathered granite gneiss, joints 7
- spaced every 3", qtz seams, filled A
L seams i
— 30 30'3"-35° -
i NX2 60 |26 |RQD = 15% 7

a wlit spoon sampler
FEM* Penatration length of sampler
REC* Length of sampie recovered
= Groundwoter
S - Spilt sp0on sumpie

LEGEND

BLOWS PEA 6" - 14Q1b. hammer failing 30 1o drive | NOTES
*Blows of 300 1b hammer |Depth to water table ~5'
falling 24 in to effect]
6 in of penetration

DATE_____ . PROJECT NQ

pace__L1 or__2 aoring No,__ 24 -

CD GROTFCHNICAL ENGINEERS (NG
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BORING NO. 24

PROJECT LOCATION CRILLED BY.

DATE STARTED INCLINATION LOGGED BY GROUND EL.

DATE COMPLETED BEARING CHECKED BY TOTAL OEPTH

EL | ogemH SAMPLE REMARKS ON |

Tree - | sLows | pew | rec | ADVANCE OF Iy SO AND ROCK DESCRIPTIONS
" <

t. fo | M FERE BORING £
- NX3 60 (27 |RQD = 15% J
- 37t 4n__42v4n N
L 60 {60 [RQD = 787 Granite gneiss - fractured,; clean joint:s.1
o NX4 4
~ 40 -1
L J
I ]
r +
- ~
L .
o
[~ oy
L ;

9 Wit tpoon sampier
PEN~ Penetration langth of sumpier
REC* Length of sompie recovervs
* Groundwotar
S © Split spoon sampie

LEGEND

BLOWS PER 5" - 1401b hommer failing 30" te drive

NOTES

DATE PROJECT NO.

pace__2__oF_ 2

BorinG no.__ 24 .

o
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PROJECT LOCATION vriLEp Y FR _ BORING No. _23

paTe starten 7/3/80 INCLINATION Loeeep By ____NC GROUND EL.

DATE COMPLETED_7/3/80 BEARING CHECKED BY TOTAL DEFTH_14"

gL |oepm SAMPLE REMARKS ON |

Trpe- | sLows | pew | aec | ADVANCE OF |Eg SOIL AND ROCX DESCRIPTIONS

o | ;o | M PERET | BoRing g

r 6 in OD 4
cont flight 7]
hollow sten* -
13 auger 0-14"
- s1 16 i8 10;,,.,\ g Sand ~ fine-medium grained, tan, 5% silt
L 16 moist 25% coarse sand and gravel, 1" J
5 granite fragment, orange mottling
B 29 (40 cc
82 27 118 | 10 sample) Sand - upper 5" similar to S1 lower 5"
~ 42 et gray fine-medium grained sand, 157 -
e 10 silt, 10% coarse sand and gravel, ..
L 2-1" granite fragments i
63 (40 cc

i s3 54 | 18 | 18 | sample) Sand ~ similar to S2, gray fine-medium,
" 100%/4% less silt, 20% coarse sand and -
15 31%/2° gravel several 1" granite fragments, |
] j
- M
L .
- -

¢ oplit spoen s
PEN~ Penatrahon length of sompier
REC - Length of sampla recovarad
" Groundwater
S - Spif spoon sampie

LEGEND

BLOWS PER §" - 1401b hammer falling 30
mpiar

- cxxmn
1o drive NOTES

Depth to water table =7°' i

DATE PROJECT MO, !

pacE__ 1 or__ 1 BORING NO. 25
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PROJECT LOCATION

ORLED BY_ ___FR _ BORING NO. 26

DATE STARTED 7/7/80 INCUNATION LOGGED BY NC GROUND EL.
DATE COMPLETED__7/10/80 BEARING CHECKED BY ToTAL OEPTH__34'8"
€L |oEPmH SAMPLE REMARKS ON |
TypE- | BLOWS | PEN | REC | ADVANCE OF |Eg SOIL AND ROCK DESCRIPTIONS
" <
1, @ | M |PERS L BORING g
I spin casing Sand - tan fine-medium grained (locationm]
i to &' 4' from B25) 1
L N
e 5 —
I gryn_.13'yy ]
i NX1 60 |19 Boulders-granite gneiss, 8 2-3" fragments
— 10 RQD = 0 -
~ ]
!
B 7
— 15 (Roller Gray fine - medium sand —
L bit) :
7
- :
Je -
L 4
-~ 20| NX2 60 (46 [18'5"-23'% Granite gneiss - bluish gray, 4 rusty —
L ROD = 91% core breaks, 45% fracture T
L J
- N
- 25| NX3 60 |60 |22'6"~27'6" Granite gneiss - fractured, rusty —
L RQD = 77% breaks, some chlorite(?) fillings |
L 4
L NX4 60 |39 [27'6"~3276' Granite gneiss - less fractured, cleaner]
a RQD = 85% breaks
L. 20 —
i NX5 26 | 42 |32'6"-34"8' 7
B RQD = 887 D
BLOWS PER 6" - 1401b hammer falling 30" to drive | NOTES
o i et g RQD = rock quality  [DePth o water table 7"
2 REC* Langth of sampis recovared designation '
& = Groundwater H
8 S - Soiil 1p00n tampie
- DATE PROJECT NQ. !
pace__ 1 _or__ 1  eorwe no___26 -
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