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Dear Mr. Kowalczyk:

Wehran Engineering Corporation is pleased to present the attached Final
Site Investigation Report for the subsurface oil contamination at the above-referenced
facility. This final report has been prepared pursuant to the terms of the agreement
between Wehran Engineering Corporation and the Department of the Navy. Wehran
has also attached the Navy's October 9, 1987 comment letter regarding the Draft Lower
SUBASE Subsurface Oil Contamination Report April 1987, followed by Wehran's
point-by-point response to those comments. Three (3) copies of the final report, including

our point-by-point response, are submitted for review by Naval Personnel.

Wehran Engineering personnel are available to meet with you at your
convenience to review the Final Report. Should you have any questions or require any

additional information at this time, please contact this office.

Sincerely
WEHRAN ENGINEERING CORP.

Richard &Messer

Project Manager
RJM/db

Attachments

cc: W. Mansfield w/Enc. (2)
100 MILK STREET, METHUEN, MA 01844 « (617) 682-1980
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Regcort angd the Nautilus Park Leaking Underground Storage Tank
Investigation Report. The Navy reguests revised rceports be sub~litted
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Mr ., Ronert Kowalczvk, Environmental Engineer, of th= Environmen=zsa
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have any guestions,

Sincerely,

T

T.G. Sheckels
Head, Restaration Management Seczion
By direction of the CTcmmancing - ficer

Cooy to:
NGB Mew Landon



Lomments an the Lower Subase Subsurtace il Contamination Reoort

~“t. Tne title of the report shculd be changed to remocve referencss to
the NACIP (now Installation Restoration (IR)) program. A suggested
title is " Site Investigation of Subsurface 0il Contamination Lcwer
Subase."

eference to the NACIP program in the Executive Summary,

cduction and elsewhere in the report should be remaoved. Th:is

1d include any reference in the text tc the characterizatiorn study.

Section 2.3 Manhole Sand Cleaning
3. This section should report cbservations of conditiors in the sand
manholes, such as if o0il was observed on the water curfzce in tre

manholes in the afternocon.

Section 2.4 Sampling of Manholes and Utility Trenches
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th

on should include the sampling objectives == oputlired in

Y 1 secti
icn 2.2.1 of the plan of action
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n
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Sectilion 2.3 Hydrogeologic Field Methods

5. This section should include the data cbjective for esacn borirg as
cutlined in Section 2.3.1 of the plan of action.

Section 2.5.5 Tidal Fluctuetions Mesasurements

5. Explain in the text that the abbreviation P.K. means point krown.

N

ection 4.1 Manholes ard Trercnes

Since flucrescence spectroscopy is not a standard metned, the report
znguld contain an appendix with infermaticn on the msthod such ==, a
:escrzocion, limits of detection, spectrograms and anticipacted
repreducibility of results.

Section 4.3 Groundwatsr Cuslity
i. Some information reportead on Table &6 reguires addivional
z.ooilanaticn. Standard procedure to purzse wells pricr ko campli,z 1s to
remove three (2) times the volume of ther in the well, In four of the
wells large volumes of water were purged prior to sampling. The report
znpguid explain the reasons for deviating from the =tandara procszure.
Alec, *he temoerature readings for wells WE-1, WE-Z &and ~E-4 ars=
elevated. The reasans for the =2levated temperatur=ss s=hculid be
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. iN2re 1s an attemst to Sxplain t
arcocundwater samples. The report allu
operatirg and disposal practices of 1
Feport should provide specific eviden .
cuttings were contained in the water samples. The recommendations
should include analysis to determine the reasans cf the high
canductivity values. An analysis to determine chloride content may be

appropriate.

2 N1gh CONQUCTIVIIIES 1n the
leces to metal cuttings from -
ubricating or waste cile. The
ce if founa, that the metal

Section 4.4 Analytical Quality Control

10. To complietely evaluate the Quality Assurance/ Quality Controil
(QArQC) procedures for field campling and laboratory analysis the
follewing additional information should be reported in Appendix D or £:

- The dates the camples were analvzed.

- The regulatory agencies acceptable holding times and statements
whether the samples were analyzed within the acceptable holding times.
- The cnain of custody for sample F.O 1. This sample was colleczed
with other o1l samples and apparently analyzed and the recsults recorted
sepcarately almost two months before the results of the remaining oil
zample results.

- An explanation of the loss of sample NS3-WS-WE3-007.

- The reason{(s) why the fluaorescence spectroscopy results were
reported three seonarate times: Decemoer 12, 1984635 January 21, 1987 and
February 27, 1987.

Section 6.0 Conclusicns and Recocmmendations

11. The recommendations given for the remedial measure arcund building
73 ar2 weak. The Navy agrees excavation and disposal of the
cerntamination is to 2xpensive. The recommendations tc periodicalivy
mco—-up 01l from manholes in not accectable. The Navy sucgests 1n-situ
biological treatment method be evalusted as a clean—-up alternative.
The reasons to cons:der im—-<situ biological freatment are the follcwinrg:
the relatively permezsble nature of the subsurface. the apparent
localized contamination and the heavy waste and fuel oils that wer=
identified do not readily migrate. Some guesticns that need to be
answered to determine if in-situ biologicsl trestment is aspplicsbils
are: What is the extent of contamination?, and Zan a hydrccarbon
conesumirg organism o2 found and orocagated to tola2rate the probac:ie
csalinme conditione at the site?



POINT-BY-POINT RESPONSE TO NAVY'S COMMENT LETTER 10/9/87 (RECEIVED 10/15/87)
REGARDING WEHRAN'S DRAFT LOWER SUBASE - SUBSURFACE OIL CONTAMINATION
REPORT 5/6/817.

1. Per your request, the report title has been changed from Draft Confirmation Study, Step
IA Verification Report, Subsurface Oil-Lower Sub Base to Final Site Investigation of the
Lower SUBASE - Subsurface Oil Contamination removing all references to the NACIP
program.

Note: Although the report title has changed, Wehran has been working under one contract
#N6242-84-C-1018 which is invoiced in reference to the NACIP Confirmation Study.

2. Per your request, any direct reference to the NACIP program in Wehran's report has been
removed. (see note above)

3. Section 2.3 Manhole Sand Cleaning describes the sand manhole cleaning method while
Section 2.4 Sampling of Manholes and Utility Trenches describes the condition of the manhole.
Page 9 - 4th paragraph - The sand manholes which had been cleaned out in July 1986 (MH-6,7,8
and 9) were re-opened and conditions observed. There was no visible evidence ofcontamination
in any of the four manholes.

To clarify the second paragraph, second sentence, on page 9, the words: visually clear were
inserted before the word; water.

4, The sampling objectives were added.

5. The objectives of each individual boring were added.

6. Next to the abbreviation P.K. (point known) was added.

7. The information on the fluorescence spectroscopy method has been put into Appendix F.

8. Standard procedure to purge wells prior to sampling is to remove a minimum of three volumes
of water in the well. Additionally when purging a well, measurements of specific conductance
should be made until repeatable results are obtained (this was inadvertently missed in the
draft report but has been added to the final report on page 14).

The reason large volumes of water were purged from four of the wells prior to sampling
is twofold, (1) it was difficult obtaining a repeatable specific conductance measurement
while (2) a high volume (1 gallon per minute) pump was being used. These two factors lead
to high volumes of water being pumped. This is not a deviation from standard procedure
since a minimum of three volumes was purged.

Wehran has added to Table 6 Summary of Ground Water Sampling Data the following note:
The very warm water temperatures of wells WE-1, WE-2 and WE-4, and the elevated water
temperatures of wells WE-3, WE-5, MW-4 and MW-10 seem to reflect a problem with the
thermometer. The first three wells WE-4, WE-1 and WE-2 were measured consecutively
with all three of the measurements being extremely high, the remaining four measurements
are also unrealistic values considering average water temperatures of 10-15°C during this
part of the year.



10.

11.

It is not the difference between WE-1, WE-2, WE-4 and the other wells but the fact that
all of the temperatures are above realistic values for that part of the year. Wehran feels

that there was a problem with the thermometer and this problem was not identified in the
draft report.

No direct evidence was found in the field to confirm the hypothesis that the high conductivity
values present around building 79 were associated with metal cuttings  within a
lubrication/waste oil from past operations. Therefore a statement was added to page 34
clarifying this fact. :

Salinity measurements were added as part of the recommendations to confirm the salt water
intrusion hypothesis.

There is no holding time for fuel oil analysis by the fluorescence spectroscopy method provided
the sample is kept in an amber jar and out of direct sunlight, therefore the dates the samples
were analyzed and the acceptable holding times are not relevant.

The chain of custody for sample F 01 is in Appendix D Chain of Custody Forms.

The sample NSB-WS-WE3-007 was broken in transit from York Laboratories to their
subcontract lab.

The Lab did not supply all the information they promised to Wehran in the first report, so
following additional requests by Wehran the information was eventually supplied in three
reports.

Wehran does not believe that the recommended remedial measures around Building 79 are
weak for the following reasons:

Navy's previous Engineer in Charge (EIC) indicated that the Navy was not interested in
elaborate, expensive remedial measures (for which Wehran agreed).

Currently the oil does not appear to be readily migrating which was expected, therefore
an immediate response may not be necessary (soil removal). Currently the oil is being
naturally collected in several manholes, why not use them as you would a collection well.
Obviously the hydraulic pressures created by the tidal changes are forcing the oil into
the manholes, similar to any artifically induced system.

There are several reasons against considering the Navy's recommendation for an in-situ
biological treatment method as follows:

1) The tidal area creates a timing problem when injecting the oxidizers, nutrients and
organisms on the upgradient side of the oil contamination.

2) A #6 oil is thicker and more dense than most fuel oils therefore it becomes more difficult
to biologically break down the inner portions of the oil globs due to the anaerobic conditions.
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3) It takes several years to develop a stable and active group of organisms that maintain
a steady rate of biodegradation.

4) Several additional bore holes and wells would have to be installed in an area of numerous
utilities.

5) Operation and maintenance would include pumps, chemicals, mechanical timing devices
and periodic sampling.

6) The area of concern doesn't appear to be extensive enough to warrant the capital
expenditures.

Wehran feels that in-situ biological treatment is a viable method for the
eventual clean up of the site if Navy has the time and money to experiment with the method.
There are a few other remedial actions that could be implemented at this site but Wehran
recommended only the ones we felt were economically viable, reliable and met the Navy's
requirements. So after receiving comment #11, we have added a remedial measure below that
could be evaluated during a feasibility study of the site.

Besides in-situ biological treatment, a pump and treat system could be
evaluated in which the vicosity of the oil is reduced using heat or emulsifiers and a
pumping/injection system is designed to treat the mobile oil. (Due to the number of utilities
and the various fill material in this area, an effective pump and treat system would likely be
difficult to implement).
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EXECUTIVE SUMMARY

The United States Department of Navy authorized Wehran Engineers and
Scientists to conduct a site investigation of subsurface heavy oil contamination at
the Naval Submarine Base - New London, Groton, Connecticut. The study consisted
of six tasks with a primary objective of determining the horizontal extent and
interrelation between the heavy oils found in various manholes and concrete utility
trenches.

The focus of the study was on the lower SUBASE in the vicinity of known oil
sources. Historically the Navy Environmental Support Office (NESO) 1979 Study
and the Initial Assessment Study (IAS) 1982 reported on three areas and three sites
respectively, identifying possible or actual oil contamination. In summary, the focal
points include the Power Plant (Building 29) (see Figure 6.1), the oil storage tanks
adjacent to Buildings 345 and 29, and Building 79, (the historic train engine repair
building). Evidence of the oil contamination has since been observed in several
manholes and a concrete utility trench, west and east of Building 79.

The sampling plan consisted of ten (10) soil samples from five soil borings,
nine (9) sludge oil samples from five manholes, and seven (7) ground-water samples
from seven monitoring wells which were submitted to an EPA certified laboratory
for analyses. For this site investigation, the fluorescence spectroscopy method of
analysis was used on the sampled media (soil, sludge, ground water). This method is
used to identify the type (e.g. #2, #6 oil), degree of weathering (e.g. less than one
year and general levels of oil contamination (e.g. trace, low).

The analytical results showed #6 oil to be the predominant contaminant
found in the manholes/ trenches, as well as the study area. The age of the #6 oil was

less than one year in the concrete utility trench adjacent to Building 35 and greater



than one year in the manholes in the vicinity of Building 79. Waste oils were also
present in trace levels in the ground water and soil samples adjacent to Building 79.
The siudge oil sample taken from a manhole in the area of Buildings 29 and 345 was
different from all other samples. The analysis of this sample resulted in a unique
spectra interpreted in the lab as a mixture of #5 and #6 fuel oils.

In conclusion, three separate oil contaminated areas seem to be present:

1) The concrete utility trench contaminated with a #6 fuel oil that is less
than one year old.

2) The manholes, soils, and ground water in the vicinity of Building 79,
contaminated with a #6 fuel oil that is greater than one year old and
trace levels of a waste oil.

3) The manholes, soil and ground water in the vicinity of Buildings 29 and

345 contaminated with #5 and #6 oils.

Recommendations for these three sites include;

1) The inspection of the #6 fuel line and the subsequent cleaning of the
trench.
2) Oil mopping of the sludge oil in the manholes and/or excavation of the

oil laden soils.
3) An additional study of the operations and distribution of oil in
Building 29, including further study of the adjacent contaminated

manholes.



1.0 INTRODUCTION

1.1 BACKGROUND

The Department of the Navy has developed an evaluation process for
assessing contamination at Naval facilities which focuses on past operational
practices that may have involved the handling or disposal of toxic and hazardous
materials. The overall objective of the process is to identify and quantify
contamination due to hazardous materials, and to further assess the potential
impacts of the contamination on human health and the environment. The
evaluation process, which was developed as part of the Navy Assessment and
Control of Installation Pollutants (NACIP) (currently the Installation Restoration
[IR] ) program, was conducted along the lower SUBASE by Envirodyne Engineers,
Inc. (EEI), St. Louis, Missouri on April 26, 1982. During the Initial Assessment
Study (IAS), a records search and a subsequent site visit were conducted by EEI on
May 17-28 and June 21-25, 1982, respectively. Through review of the records,
personnel interviews and site inspections, a number of potential contamination sites
were evaluated. The IAS team identified 11 potentially contaminating sites upon
their completion of the evaluation process. Six of the sites were found to have a low
or moderate potential, and five sites had a high potential for contributing
contaminants to the surrounding environments. Wehran was contracted by the
Navy and had initiated the confirmation study for three of the sites on the upper
SUBASE when thick black oil was found by Navy personnel in the concrete utility
trenches and manholes on the lower SUBASE. Thick black oil had been identified in
manholes in the vicinity of Building 79 and in the concrete utility trenches adjacent
to Building 35. Wehran’s investigation is in part, a continuation of the Navy

Environmental Support Office (NESO) February 1979 study, in which remedial
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measures. for an oil problem on the lower SUBASE were recommended and
completed by Navy personnel, but since that time the oil has reappeared.

This report provides the results of the site investigation of the lower SUBASE
subsurface oil contamination. The report details the investigation procedures that
were utilized, the findings of the analytical program, and the resulting conclusions

and recommendations for the next phase of the investigation.

1.2 PROJECT OBJECTIVES AND SCOPE OF WORK

Wehran’s objective for this site investigation is to identify and delineate the
sources of the thick, black oil found in the manholes and concrete utility trenches of
the lower SUBASE. Upon completing the identification process, recommendations
for further investigations and/or candidate remediation measures are presented.

The scope of work performed included four tasks, with the following specific

objectives for each task:

Task I - Pre-Site Investigation

A, Locate, identify and map the oil storage tanks and associated

distribution systems in the areas of concern.

B. Develop a comprehensive map of the utility layout in the areas of
concern.
C. Develop a cross section of the relieving platform and quay wall

Perform a site reconnaissance

E. Develop a work plan for the site investigation

Task II - Site Investigation

A. Investigate oil contamination by examining and sampling

manholes, trenches, culverts, and catch basins.

-2- 30-11.87-04360



Perform five borings with soil sampling, followed by installation
and development of monitoring wells.

Perform variable head permeability tests

Survey the top of casing elevations on the new and old
observation wells.

Measure water levels in the observation wells during one full
cycle of a tidal fluctuation.

Sample groundwater

Remove sand from manholes

Sample contaminated sludge, soil, and/or sediment from

manholes and trenches.

Task III - Laboratory Analyses

A.

Develop and implement a quality assurance program. Sample
collection, preservation and analytical procedures will be in
accordance with regulatory standards.

Conduct the laboratory analyses in accordance with site specific

plan of action.

Task IV - Draft Verification Report

A.

B
C.
D

Brief restatement of IAS findings and conclusion

Description of analytical findings

Evaluation of the contamination discovered.

An assessment of the extent and magnitude of the contamination
including recommendations for further investigations.

An evaluation of candidate remediation measures.

-3- 30-11/87- 04360



1.3 SITE LOCATION

The Naval Submarine Base (NSB), New London, is located in southeastern
Connecticut along the east bank of the Thames River. The NSB is within the
Townships of Ledyard and Groton and is located north of the center of Groton (see

Figure 1.1).

1.4 DESCRIPTION OF THE SITE

The main base encompasses 547 acres, with over 300 structures and buildings.
The NSB performs four (4) major services to the operational fleet. First, it serves as
home port for submarines and their crews. Second, it provides maintenance and
repair facilities for submarines and other assigned craft. Third, it provides basic,
advanced, and refresher submarine training classes to Naval personnel. The fourth
function is medical care facility, including research and training in the field of
medical care for submarine personnel.

Specifically, the area of interest for this site study is the lower SUBASE. The
lower SUBASE encompasses the shoreline area in which the submarines and ships
port. The power plant (Building 29) and associated fuel oil storage tanks are located
here. In the mid-1970’s, Navy personnel observed thick, black oil contamination in
several manholes and utility trenches on the lower SUBASE and in the adjacent
Thames River. Subsequent to those observations, investigative work was done by
the Navy Environmental Support Office (NESO) in February, 1979. The conclusion

of this study indicated three areas of oil contamination.

Areal) Along the water front adjacent to Building 29 Power Plant
Area 2) In the vicinity of the storage tanks adjacent to Building 345
Area 3) The area north and west of Building 79

See Figure 2.1 - Possible Areas of Contamination

-4- 30-11/87-04360
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Following the completion of the NESO Study (1979) and implementation of its

recommendations, the Initial Assessment Study (1982) commenced. Three

particular sites discussed in the IAS are suspect fuel oil sources and are briefly

discussed below.

1)

3)

Power Plant Oil Tanks (east of Building 29) consists of four
underground storage tanks, each having 170,000 gallon capacity.
These tanks also have been in use since World War II containing diesel
and waste oil, and more importantly, No. 6 grade fuel oil which is

pumped from the north base tank farms to the power plant, Building 29.

Fuel Oil Storage Tanks (adjacent to Building 345) consists of five
underground concrete storage tanks containing diesel and lube oils
each having 125,000 gallon capacity. The tanks are located
approximately 300 feet east of the Thames River and have been in use

since World War I1.

Building 79 Waste Oil Pit is located adjacent to a major portion of the
contamination problem. This area contained a railroad spur on which
diesel train engines were serviced. The service area included a pit into
which waste oil and solvents drained during the cleaning and servicing
of the diesel engines. The pit is no longer in use and has been filled with

concrete.

A site investigation was initiated focusing on these specific areas and sites, all

within the lower SUBASE.

-5- 30-11/87 - 04360



2.0 SITEINVESTIGATION

9.1 PRE-SITE INVESTIGATION

Prior to field work, Wehran performed a study of available information. As
part of this study, the oil storage tanks and distribution system, the utility layout,
and the relieving platform/quay wall were thoroughly reviewed. Upon the
completion of this preliminary study two drawings were developed, one showing the
utilities in the vicinity of Building 79 (the area surrounding Building 79 was the
most oil contaminated area), the second showing a typical cross section of the
relieving platform and quay wall (potential barrier to the oil migration and area for
the oil to pocket in). See Figures 2.2 Utility Site Plan and 2.3 Relieving Platform
and Quay Wall.

2.2 VISUALINVESTIGATION OF MANHOLES AND UTILITY TRENCHES

A visual inspection of conditions within the manholes and utility trenches on
the lower SUBASE was completed in January, 1986 by Wehran personnel. The
visual inspection consisted of lifting manhole covers on the lower SUBASE in the
vicinity of Building 29 and 79 and probing with a 15 foot metal rod and inspecting for
any signs of oil contamination. The utility trenches were examined in the same area
and manner as the manholes. Additionally, several portions of the utility trench
east of Building 35 were uncovered due to construction work allowing an inspection
of the entire trench. The locations of all visible contamination found in January of
1986 are identified on Figure 2.4. The contamination consisted of either a thick
black oil residue which coated the sides of the manhole/trench and/or globs of oil

floating on the water surface.

-6- 30-11/87 - 04360
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2.3 MANHOLE SAND CLEANING

A wooden relieving platform (as shown in Figure 2.3) underlies the length of
the lower SUBASE waterfront study area. After completing the new sheet pile wall
(1952), the area under the platform was filled with sand. The sand under the
platform shifts due to the constantly fluctuating water levels in the tidally
influenced Thames River. Periodically, the sand level is replenished by adding sand
to several manholes which provide a port to the space below the wooden platform. To
determine whether oil contamination is present in this space below the relieving
platform in the vicinity of Building #79, it was necessary to pump the sand out of the
manholes.

A procedure was formulated to deal with oil contaminated sand if encountered
during the sand removal process. The procedure can be described as follows: a
manhole would be evacuated using the sand removal equipment until the
appearance of oily contamination was found, work would be stopped, and the process
repeated at the next manhole. When all four manholes had been emptied to the level
of the wooden platform or the suspected oil contamination, the “clean” sand would be
transported to the sand stockpile area off Wahoo Avenue for disposal. The “clean”
sand removal equipment would then be used to collect the remaining contaminated
sand from the manholes. The suspected contaminated sand would be brought to the
SUBASE hazardous waste containment area for storage and eventual disposal.

Speedy Sewer Service of New Haven, CT was contracted to remove the sand
from MH-6, 7, 8, and 9 (see Figure 2.4). MH-1 showed oil contamination during the
January, 1986 manhole investigation and did not require any sand removal. Sand
removal activities were performed at the site on July 15, 1986 using a vacuum truck.
MH-6 and MH-9 were evacuated until the wooden platform was encountered at a
depth of approximately 7 feet. Water was encountered in both manholes at

approximately 6.5 feet. At MH-8, what appeared to be oil contaminated sand was
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uncovered at a depth of approximately 5 feet below grade, and thus work was stopped
at that manhole. At MH-7 equipment problems developed that decreased the suction
lift of the vacuum hose. Thus, at a depth of approximately 5 feet, the vacuum was no
longer strong enough to remove the sand, and work was stopped. The vehicle was
driven to the “clean” sand disposal area and emptied.

The vacuum hose was repaired in the early afternoon and MH-8 was reopened
in order to remove the potentially contaminated sand. It was found to contain
approximately one foot of visually clear water above the sand level. The situation at
MH-7 was the same, the rising water above the sand was due to the influence of the
high tide in the Thames River. The high water level prevented the removal of the
sand below by preventing access to the saturated sands. It was determined that if
the water level could rise above the sand at high tide, oil traveling on the water
surface would remain as an oil residue on the sand as the tide receded. Therefore, no

additional sand was removed from MH-6, 7, 8, and 9.

2.4 SAMPLING OF MANHOLES AND UTILITY TRENCHES

In an effort to identify the source of the contamination in the manholes and
utility trenches on the lower SUBASE, samples were collected on August 4, 1986 by
Wehran personnel. The proposed sample locations and data objectives from

Wehran’s Plan of Action, June 1986 were:

° Oil contamination manholes-five (5) locations. The objective is to
determine whether the manholes are contaminated by one source of oil
and estimate the degree of weathering of the oil. The results will aid in
determining the on-site origin of the oil.

° Oil contaminated trenches-two (2) locations. The objective is to

determine whether the trenches are contaminated by one source of oil
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and estimate the degree of weathering of the oil. The results will aid in
determining the on-site origin of the oil.

® Power Plant No. 6 fuel oil-one (1) location. The objective is to provide a
background sample of No. 6 fuel oil to which all samples can be
compared.

L SUBASE diesel fuel-one (1) location. The objective is to provide a

background sample of diesel fuel to which all samples can be compared.

A few of the sampling locations were changed from those proposed, due to
encountered field conditions (no visible oil). This action was necessary due to the
type of analysis (fluorescence spectroscopy) and the scope of work requested
(investigate the thick oil contamination problem). As a general rule, a sample was
not collected unless visible oil contamination was present.

The sand manholes which had been cleaned out in July 1986 (MH-6, 7, 8, and
9) were re-opened and conditions observed. There was no visible evidence of
contamination in any of the four manholes. Therefore, none of these manholes were
sampled and alternative locations were found. The utility trenches (T) were also
re-opened and no visible contamination was seen at T-3, but T-2 had oil
contamination, thus T-2 was sampled instead. T-1 remained oil contaminated and
was sampled as planned.

The field samples, consisting of a mixture of thick black oil, water, and soils
were obtained from manholes MH-1 through 5, and from the utility trenches T-1 and
T-2 (see Figure 2.4). With the exception of MH-5, oil had been previously observed at
these locations during the January 1986 inspection. During field work performed on
August 4th, it was noted that the boots of an electrician working in the manholes on
Corvina Road were covered with thick black oil. A short interview was conducted

during which the worker indicated that the oil was in the electrical conduit. When
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he began work he forced the o1l into the manholes so he could inspect the electrical
lines. A field decision was made to collect a sample from MH-5.

- The oil samples were obtained using a telescoping pale with a stainless steel
scoop, and were immediately placed in amber glass jars supplied by the analytical
laboratory. The sampling equipment was decontaminated (using Wehran’s
laboratory approved six step procedure) after each sample was taken using a
laboratory grade detergent (alconox), methanol, and distilled water. The six step
procedure includes a detergent bath, rinse, detergent bath, distilled water rinse,
methanol wash, and a final distilled water rinse. The samples were analyzed using
fluorescence spectroscopy to determine the type and age of the oil present at each
location. In order to provide a reference sample for comparison purposes, samples of
the #2 and #6 fuel oils used on the lower SUBASE were obtained from Navy
personnel at Building #29, the SUBASE power plant. The sample obtained at MH-3
was also analyzed for PCB contamination to ensure that this additional hazardous

substance was not present in the oil at the site.

2.5 HYDROGEOLOGIC FIELD METHODS

2.5.1 Soil Borings, Soil Sampling, and Monitoring Well Installations

A total of five (5) exploratory soil borings were drilled in the lower section of
the Naval SUBASE during July, 1986. The proposed boring/soil sampling locations

and data objectives were:

¢  One (1) boring adjacent to the south end of Building 35 in proximity of
the oil-contaminated trenches. The objective is to determine if the oil
has migrated through the trench bedding. This boring will be
completed as a monitoring well for future groundwater monitoring and

sampling. In addition to this boring, Navy personnel will be providing
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a backhoe and crew to excavate anobservation trench approximately 10
feet long by two feet wide. The observation trench will allow for an
extensive view of the utility trench bedding, a possible migration
pathway for the heavy oil.

° One (1) boring northeast of Building 79. The objective is to determine if
the oil or its derivatives are moving through the soil matrix. This
boring will be completed as a monitoring well fur future groundwater
monitoring and sampling.

L One (1) boring west of Building 80 in the vicinity of the destroyed
NEBSA Well No. 9. The objective is to investigate previous reports of
oil in this area and in Well No. 9. This boring will be completed as a
monitoring well for future monitoring of the possible oil layer.

° Three (3) borings in the perimeter of the oil contaminated zone. The
objective is to assess the lateral extent of the oil contamination. Two (2)
of the borings will be completed as monitoring wells for future
groundwater monitoring, including tidal fluctuations. Note: Only two
of the borings could be completed due to the number of underground

utilities in this area.

The combined purpose of these borings was to 1) determine if the bulk oil or its
derivatives are moving through the soil matrix, 2) determine the lateral extent of
contamination, 3) provide information on the type and thickness of unconsolidated
deposits which underlie the site.

The soil borings were drilled into the unconsolidated deposits with a 4 inch
outer diameter (OD) hollow stem auger using a truck mounted drill rig. During the

drilling, contaminated soil that was brought to the surface from the spinning augers
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was placed in a 55 gallon drum. The drum was then collected by Navy personnel for
proper disposal off-site.

Soil samples were collected on a continuous basis from approximately six
inches below the ground surface to the bottom of the borehole. Soil samples were
collected using a 24 inch long, 2 inch OD, stainless steel split spoon sampler. The
color, consistency, and texture of each soil sample was described using the modified
Burmister Soil Classification System and noted on a geologic boring log (see Boring
Logs - Appendix A). In addition to the physical description of the sample, the rate of
penetration of the sampler (using a 140 pound drive weight falling 30 inches) was
recorded for each six inch interval.

Field screening for volatile organic compounds was performed with an HNII
PI-101 photoionization detector. Each soil sample was placed in a glass jar with
aluminum foil placed over the top prior to sealing. Once the soil thermally
equilibrated to room temperature (approximately 70°F) the jar lid was removed and
the probe from the HNI| meter was inserted through the foil. The direct meter
reading (in parts per million) of the ionization potential from the soil headspace was
then recorded on the soil boring logs.

Based upon this field screening and visual observations, selective soil samples
were collected for laboratory analysis (petroleum hydrocarbon finger printing
analysis by fluorescence spectroscopy). These samples were collected from the split
spoon sampler with a stainless steel trowel and placed into sample jars, which were
pre-sterilized by the laboratory and the appropriate preservative was added.
Standard chain-of-custody procedures were observed with each of these soil samples.

To reduce the possibility of cross-contamination of soil samples within and
between borings, the soil sampling equipment was decontaminated following

Wehran’s laboratory approved procedures after each soil sample was collected. The
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augers, rods, and all other downhole equipment were steam cleaned between each
soil-boring.

A total of five (5) monitoring wells were installed, one in each of the five soil
borings. All five wells were completed as shallow water-table wells, with screens set
at an appropriate depth to intercept the top of the water table. The purpose of
installing the monitoring wells was to provide: 1) groundwater samples for analysis,
2) in-situ permeability measurements, and 3) groundwater level measurements to
determine elevations of the water-table (high and low tide) and horizontal gradients
of the water table at the site.

Each monitoring well was constructed of two-inch inner diameter (ID)
Schedule 40 PVC with flush threaded joints. No solvent based cements were used in
the construction of the monitoring wells. All screens are ten feet in length, and are
machine slotted with a slot size of 0.01 inches.

The monitoring wells were backfilled to a point 1 foot above the screened
interval with clean medium size silica sand. The sand pack was sealed with a one
foot layer of bentonite pellets. The annulus of the boring above the bentonite seal
was grouted with a Portland cement/bentonite slurry to grade. At the ground
surface, a 3 inch diameter cast iron roadbox was installed to protect and provide
access to the monitoring wells (see Figure 2.5).

All monitoring wells were developed on September 9, 1986. The development
was performed by pumping each well until the water being evacuated appeared free
of fine silts and sediments.

A field elevation survey of each well head (top of the PVC riser) was performed
so that water level measurements taken from each well could be used to construct
water level contours, calculate groundwater gradients, and estimate groundwater

flow directions.

13- 30-11/87 - 03360



CAST IRON ROAD BOX

NN
=2

N
7

,;K\/ NEAY

7
N

CEMENT FLUC (I-2FT)

T T TR !

2" PvC CASING

——— GRQUJT: BENTONITE = =CRTLANC
CEMENT TYPE

AL BARRLNRRALNRLY

fVA//A

EENTONITE SEAL (1-2FT)

o~

UNIFORM SILICA SAND
(EXTENDS -2 FT ABOVE WELL

= SCREEN)
= 2"FVC SLOTTED WELL SCREEN
W N
%
4" FIGURE 2.5
MIN
TYPICAL
NCT TG SCALE MONITORING WELL INSTALLATION

WEHRAN ENGINEERING

WE. PROJECT NO. 04360.SF CONSULING ENGINEERS




2.5.2 Permeability Testing

The permeability (hydraulic conductivity) of the saturated soils in each of the
monitoring wells was determined using a rising head test.method developed by
Hvorslev (1951). This method relates the recovery of water levels-in a well which
has been pumped or bailed to the permeability of the saturated unconsolidate\d
depusits surrounding the well screen. The field method consisted of measuring the
static water level in the well and then lowering the water level using a pump. When
pumping ceased, measurements of recovering water levels were made at frequent
time intervals. The water level recovery data was then analyzed by calculating the
ratio of the observed lowered hydraulic head to the initial hydraulic head for each
water level measurement. The head ratio data was then plotted versus time on
semi-log graph paper.

The hydraulic conductivity of the soil is calculated from the following

equation: (Hvorslev, 1951)

r2ln (hy/h9)
. n L
2L (To-T) R

Where: K = hydraulic conductivity tcm/s)
r = radiusof well screen (em)

l. = length of saturaled sereen interval (em)

R = radiusofsand pack (cmi

Ty = time interval corresponding to by (see)
Ty, = time interval corresponding to ho (sec)
hy = head ratio at Ty (dimensionless)

ho = head ratio at Ty (dimensionless)
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2.5.3 Groundwater Sampling

A total of nine (9) groundwater samples were collected from the lower
SUBASE on September 10, 1986. Graundwater samples were collected from each of
the five (5) new monitoring wells and two (2) from the old wells. In addition, a field
blank and duplicate sample were collected for quality assurance and quality control
purposes.

Prior to collecting the groundwater samples, groundwater levels were
measured and recorded, a minimum of three well volumes were purged, and specific
conductance values were measured until repeatable results were obtained.

Using a pre-cleaned teflon bailer and dedicated polypropylene rope,
groundwater samples were collected and poured into appropriate analytical
containers. At each sample collection point, pH, temperature, and specific
conductivity were measured by using a direct reading pH meter with temperature
probe (VWR, Model 2000) and a specific conductivity meter (Cole-Palmer, Model
1481-50). Calibration of each instrument was performed prior to field use in
accordance with recommended manufacturers specifications,

All sampling equipment (teflon bailer, electric water level indicator,
measuring tapes and probes attached to the pH and conductivity meters) utilized
during the groundwater sampling were pre-cleaned and decontaminated prior to and
between each sampling location. To minimize the possibility of cross contamination
of groundwater samples between monitoring well locations, samples were collected
in a sequential order from suspected clean to contaminated wells,

All groundwater samples were collected, preserved, and stored in compliance
with EPA protocols. Standard chain-of-custody procedures were observed during

this investigation.
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2.5.4 Synoptic Water-Level Measurements

Water-table measurements were taken during times of low and high tide frorﬁ
each of Wehran’s five (5) monitoring wells on November 11, 1986. These
measurements were taken with an electric water level indicator and converted to
elevations, based upon the field survey. The elevation data was then used to
construct the configuration of the water table at both high and low tide and the

direction of groundwater flow was determined.

2.5.5 Tidal Fluctuation Measurements

Tidal fluctuation measurements were collected from nine (9) locations on the
lower section of the Naval submarine base on November 11, 1986. These locations
included the five (5) monitoring wells installed by Wehran Engineering in July
1986, two (2) existing wells, and two (2) surface water measurements from newly
established bench marks (P.K. [point known] nails) located near piers numbered 4
and 9 along the Thames River.

A total of eight rounds of measurements were collected from each of the nine
locations for a total of 72 measurements. The measurements were made starting
from nine o’clock (9:00) in the morning until four o’clock (16:00) in the afternoon.
The measurements were then converted to water-level elevations based upon
Wehran’s field survey, and plotted to determine the tidal effects on the water-table

in the vicinity of the lower SUBASE.
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3.0 HYDROGEOLOGICCONDITIONS

3.1 SITE GEOLOGY

Based upon the five boring logs derived from the field investigation, there are
two major lithologic units within the upper 15 feet of the unconsolidated deposits.
These units (below the black macadam or pavement) consist of fill material and
alluvium. The approximate lateral and vertical distribution of these units across the
site are shown in northwest-southeast and northeast-southwest cross-sections
(Figures 3.1, 3.2, and 3.3).

The uppermost unit is fill material and consists primarily of coarse to fine
sand and gravel with some fragments of brick. The fill was presentin all borings and
ranges from 0.5 to 11.0 feet thick.

The underlying alluvium consists of fine sand and silt with some organic
matter. This material was probably deposited as a result of periodic flooding of the
Thames River bank before the quay wall construction. The alluvium was
encountered in borings, WE-1, WE-2, and WE-4, at approximately 11.0 to 13.0 feet
below the ground surface (2.2 to 5.0 feet below MSL). The base of the unit was not
encountered in any of these borings. Therefore, the unit is in excess of the maximum
thickness penetrated (2.5 feet) in WE-1.

The boring logs for wells WE-1 through WE-5 are included in Appendix A
(The NESO study boring logs were not found).

3.2 GROUNDWATER FLOW CHARACTERISTICS

3.2.1 Direction of Groundwater Flow

To determine shallow groundwater flow characteristics at the lower SUBASE,
synoptic water-level measurements were recorded in the five monitoring wells

(installed by Wehran Engineering) on November 11, 1986. Water-table
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measurements collected during high and low tides were used to show the flow
gradientstin the hydrogeologic cross-sections and in the groundwater contour maps
(Figures 3.4 and 3.5).

In general, during the period of low tide, the direction of groundwater flow is
westerly towards the Thames River. The water-table configuration demonstrates a
variable hydraulic gradient, with a steeper gradient adjacent to the River, due to the
drawdown associated with the low tide. The average horizontal flow gradient along
cross-sectional lines B-B’ (from WE-4 to PK-1) which trends northeast to southwest
during low tide is 0.009 ft/ft.

During the periods of high tide, the direction of groundwater flow is similar to
low tide with the exception of the area adjacent to the Thames River. In this area
parallel to the River, groundwater flow is reversed in an easterly direction from the
Thames River, to where it eventually converges with the westerly flowing regional
groundwater as depicted in Figure 3.5. The water table configuration demonstrates
a variable hydraulic gradient, with a steeper gradient adjacent to the River, due to
the surge associated with the high tide. The average horizontal flow gradient at
high tide between the River to WE-4 is 0.009 ft/ft, while between WE-1 to WE-4 the
horizontal gradient is 0.004 ft/ft.

The hydraulic gradient will constantly be changing along the River as the
River’s water level rises and falls. Depending on the severity of the weather and
tidal influences, these changes will move the convergence zone back and forth away

from and toward the River (see Figure 3.5).

3.2.2 Permeability

The permeability (hydraulic conductivity) of the fill and alluvial deposits was
estimated using in-situ test methods (section 2.5.2) in four of the five monitoring

wells installed by Wehran Engineering. The hydraulic conductivity of WE-3 (the
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boring with a 2.0’ layer of oil-stained soil) was not determined because groundwater
recharged into the well so rapidly that the pumping rate (2 gals/min) was not
adequate to produce an effective drawdown for rising head measurements. The high
recharge rate may have been caused by the rapid gain of water through the 2.0
gravel lense in the fill unit. Permeability calculations for WE-1, WE-2, WE-4, and
WE-5 are included in Appendix B. Table 1 presents a summary of the calculated
permeability values.

Hydraulic conductivity of the fill material has a wide range of values
(0.26 feet/day to 15.62 feet/day). The fill material in WE-2 (0.26 feet/day) consisted of
finer grained sand and silt, and thus had a lower permeability value than the other
wells such as WE-5 (15.62 feet/day) which consisted of primarily coarse to fine sand.

The permeability of the alluvium could not be measured directly because none
of the wells were screened entirely in this unit. Its permeability can be
approximated however, based on the fact that it is a fine sand with little silt as
indicated on the boring logs for wells WE-1 and WE-4. In both of these wells, the fill
material is fine, or fine to coarse sand, with trace silt. Therefore, permeability in the
finer grained alluvium is probably somewhat less than the values 3.51 and

5.39 feet/day calculated for these twou wells.
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Table1
LOWER SUBASE SUBSURFACE OILL CONTAMINATION

SUMMARY OF FIELD PERMEABILITY ANALYSIS OF MONITORING WELLS

Effective* Hydraulic Conductivity
Monitoring Lithologic Length of Screen
Well Number Description Screen (ft.) | Length (ft.) cmisec fuday
| EE———,——, ——,———— |
WE-1 809% - FILL 10 7.98 124 x 10-3 3.51
20% - ALLUVIUM
WE-2 100% - FILL 10 6.5 9.17 x 105 0.26
WE-4 80% - FiLL 10 6.65 1.90 x 103 5.39
20% - ALLUVIUM
WE-5 100% - FiLL 10 8.00 551 x 103 15.62

*

-20-

Effective screen length = effective saturated thickness.
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3.2.3 Velocity of Groundwater Flow

The velocity of groundwater flow at the site can be estimated using the data
available for hydraulic gradient and hydraulic conductivity for specific events such
as high or low tide. The average flow velocity of groundwater for these events may

be expressed as:

v = k(hy/ho)
o
Where:
v = average seepage velocity, ft/day
k = hydraulic conductivity, ft/day

hi/he = hydraulic gradient, ft/ft

S = porosity

*Note:  Duetothetidal influence in this area, the average seepage velocity is a

dynamic value changing due to the changing hydraulic gradient.

The average hydraulic conductivity value of the fill and alluvial deposits is
6.20 ft/day. The average horizontal hydraulic gradient along cross-section line B-B’,
which trends southwesterly in the direction of shallow groundwater flow during low
tide, is 0.009 fuft. Site specific data for porosity is not available, therefore a
representative value for medium sand (0.40) was selected from the compilation of

values by Todd (1959). Using these values, the estimated average horizontal

velocity of shallow groundwater flowing in the fill and alluvial deposits toward the

Thames Riveris 0.14 ft/day (51.1 ft/year), during low tide situations.
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The site is influenced during high tide-events with the reversal of
groundwater flow. The groundwater adjacent to the River begins flowing in the
opposite direction away from instead of toward the Thames River. The velocity of
groundwater flewing towards the northeast has been calculated with an average
hydraulic conductivity of 6.20 ft/day, a hydraulic gradient of 0.009 ft/ft, and an
estimated porosity value of (0.40), thus the average velocity of groundwater flow is
0.14 ft/day (51.1 ft/year).

Water level measurements in the wells indicate that groundwater beneath
the site adjacent to the Thames River fluctuates vertically in response to tidal
variations, causing variations in the rate of groundwater discharge into the Thames
River from the site. During low tide, groundwater discharges into the Thames River
whereas during high tide groundwater is recharged from the river. If Thames River
was not tidally influenced, then it would receive groundwater from the site on a
continuous steady state basis.

The above calculation of seepage velocity is only an estimation, values used in
the equation such as in-situ hydraulic conductivity are estimates and vary according
to field conditions (depends on screened interval) while porosity is a representative
value from a text book. The value is intended to provide only an approximation of
groundwater flow. It should be noted that chemical transport rates may vary
considerably from the average flow velocity depending upon the chemical/physical

solubility and absorption characteristics within the groundwater environment.

3.2.4 Tidal Fluctuation

Eight (8) water level measurements were recorded from each of nine (9)
locations on September 11, 1986. The results are presented in Table 2. Figure 3.6

displays the tidal effect, based upon the water level measurements.
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TABLE 2 -- Water l.evel Measurements

DEPTHTO WATER IN | ELEVATION OF WATER
WELL # DATE TUME ) et (TOO) TABLE (MSL)
M
WE-1 9/11/86 9:09 6.71 2.74
9:57 6.74 2.71
11:06 6.72 2.73
12:00 6.75 2.70
13:02 6.75 2.70
14:04 675 2.70
14:52 6.75 2.70
16:04 6.73 2.72
WE-2 9/11/86 3:06 6.15 2.22
9:59 6.20 2.17
10:56 6.25 2.12
11:52 6.25 2.12
12:52 6.20 2.17
13:53 6.10 2.27
14:54 5.90 2.47
15:57 5.80 2.57
WE-3 9/11/86 9:13 7.20 123
10:03 725 118
11:02 7.25 1.18
11:56 6.90 153
12:57 6.40 2.03
13:59 5.97 2.46
14:58 5.60 283
15:55 5.31 3.12
WE-4 9/11/86 9:10 6.15 2.47
9-55 6.20 242
11:02 6.23 2.39
11:58 6.25 237
13:00 6.25 237
14:00 6.23 2.39
14:50 6.20 2.42
16:06 6.18 2.44
WE-5 3/11/86 3:15 6.20 2.07
1001 6.18 2.09
1058 6.33 1.94
11:54 6.33 1.94
12:55 6.27 2.00
13:56 6.15 2.12
14:56 5.94 2.33
16:00 5.88 239

-23-
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TABLE 2 (cont.) -- Water l.evel Measurements

DEPTH TO WATER IN | ELEVATION OF WATER
WELL # DATE TIME FEET (TOC) TABLE (MSL)
m
MW-4 9/11/86 9:07 6.20 2.06
10:01 6.28 1 98
10:57 6.30 1.96
11:58 6.20 2.06
12:55 6.30 2.23
13:56 6.00 2.26
14:53 5.90 236
15:56 5.82 2.44
MW-10 9/11/86 9:12 6.10 2.22
10:05 6.30 1.99
11:03 6.32 2.00
12:01 6.32 2.00
13:01 6.17 2.15
14:00 5.90 2.42
15:01 5.52 2.80
16:02 5.20 3.12
PK-1 9/11/86 9:10 6.30 1.20
10:04 6.40 113
11:02 6.50 148
12:00 5.73 1.80
13:00 5.00 253
14:00 4.46 3.07
15:00 4.10 3.43
16:00 3.88 3.66
PK-2 9/11/86 9:05 6.40 130
10:00 6.47 1.23
1055 6.28 1.42
11:55 5.92 178
12:57 5.20 2.70
13:55 4.66 3.04
14:50 4.20 3.50
15:55 4.00 3.70

-24-
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In general, fluctuations in the water table decrease with distance from
Thames River. Those wells closest to the Thames River were highly affected by the
change in tide with the exception of WE-2. This well was screened in silty material
and had the lowest hydraulic conductivity (0.26 feet/day) of the wells tested, thus the
water level doesn’t respond readily to short term fluctuations. WE-3 showed the
most fluctuation of all the wells which may in part be caused by the highly
permeable coarse to fine sand and gravel that surrounds the well screen. As
mentioned previously, the pumping rate (2 gal/min) which was utilized for the
permeability testing could not effectively drawdown the water level in order to
perform a rising head test.

Measurements indicated that the water level of the Thames River adjacent to
the site ranged from 1.13 feet to 3.66 feet MSL. Based on Figure 3.6, the lag time
between each well affected by tidal fluctuations measured on 9/11/86 can be
estimated. In general, all tidally influenced wells, with the exception WE-4,
reflected water table responses within one hour of the responses measured in the
Thames River. For example when the lowest tide level was measured in the river,
one hour later the lowest water level was measured in the other wells.

WE-4 responded very little to the tidal fluctuations indicating that the well is
within the transition zone of the River’s influence on groundwater flow. Very slight
variations were observed in WE-1 (attributable to the measuring device and method)
which is the furthest measured well from the river. Based upon the estimated
direction of groundwater flow during high and low tides, it appears that WE-1 is the
only well of the five measured for tidal fluctuations that is not affected by the tide.
Perhaps during times of exceptionally high tides, fluctuations in the water table in

the vicinity of WE-1 could be observed.
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4.0 EVALUATIONOFSITE CONTAMINATION

4.1 MANHOLES AND TRENCHES

Oil contamination was visually detected in several manholes in the vieinity of
Building #79 (Figure 2.4) during the January, 1986 survey of site conditions. In an
attempt to determine the source of the contamination, sludge samples were collected
from five (5) manholes (MH-1 through 5) and two (2) trenches (T-1, 2) at the lower
SUBASE in August of 1986 by Wehran personnel. These samples were subjected to
fluorescence spectroscopy analysis (Appendix F-Fluorescence Spectroscopy Analysis
Method) (Table 3-Summary of the analytical results). With this method the lab can
provide a generalized description of the type (e.g. #6 fuel) and age (e.g. less than 1
year) of the oil. Samples of the #2 and #6 oils, used on the lower SUBASE, were
obtained from Building #29 and analyzed to provide a standard for comparison with
the other samples.

The samples collected from the utility trench at T-1 and T-2 showed #6 fuel oil
contamination with a spectra similar to that of the #6 oil standard. These oil
samples exhibited characteristics which the laboratory interpreted as indicating
that the oil was less than one year old. This result suggests that the #6 fuel oil line
in the trench had been leaking for less than one year prior to the August 1986
sampling event. Therefore, if this leak was to be linked to other oil contamination
on-site, these samples should also be determined to be less than 1 year old.

The samples obtained from MH-1, 2, 3, and 4 also contained #6 fuel oil,
however, the oil in these samples was found to have a different spectra than the #6
oil standard obtained from Building #29. In addition, the #6 oils detected in MH-1,
3, and 4 appear similar to each other, whereas the #6 vil in MH-2 showed spectral
differences from the other three samples. The spectra analysis of all four samples

indicated that the #6 oil had been weathered for at least one year prior to its
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Table3 _

LOWER SUBASE SUBSURFKFACE Oll. CONTAMINATION

SUMMARY OF OIL FINGERPRINTING ANALYSIS BY FLUORESCENCE SPECTROSCOPY
OF MANHOLE AND TRENCH SAMPLES

. i .
Location Sample Analytical Results *

ldentification

MH-1 MH-1 Spectra typical of a heavy fuel oil such as #6 oil
Spectra similar to MH-3 and MH-4
Spectra characteristic of oil weathered for one year or more

MH-2 MH-2 Spectra typical of a heavy fuel oil such as #6 oil

Spectra differences suggesting the oil is from a different source
than any other samples

Spectra characteristic of oil weathered for one year or more

MH-3 MH-3 Spectra typical of a heavy fuel oit such as #6 ail
Spectra similar to MH-1 and MH-4
Spectra characteristic of oif weathered for one year or more

MH-4 MH-4 Spectra typical of a heavy fuel oil such as #6 oil
Spectra similar to MH-1 and MH-3
Spectra characteristic of oil weathered for one year or more

MH-5 MH-5 Spectra typical of a mixed heavy fuel oil such as a mixture of #5
and #6 oil

Spectra differences suggesting the ol is from a different source
than any other sample

Spectra was uncharacteristic to the standard, no weathering
data could be determined

T-1 T-1 Spectra typica!l of a heavy fuel oil such as #6 ol
Spectra similar to T-2 and FO-2
Spectira characteristic of oil weathered for less than one year

T-2 T-2 Spectra typical of a heavy fuel oil such as #6 oil
Spectra similar to T-1 and FO-2
Spectra characteristic of oil weathered for less than one year

FO-1 FO-1 Spectra typical of #2 fuel oil
Spectira was not similar to any other sampies
(Standard from Power Plant)

FO-2 FO-2 Spectra typical of #6 fuel ol
Spectrasimitar to T-1 and T-2 (Standard from Power Plant)

*  The fluorescence spectroscopy method for oil fingerprinting analysis discriminates between

general levels of contamiantion (e.g. trace, low, etc.) while additionally determining the type
(e.g. #6, #2, etc.) and degree of weathering {(e.g. less than 1 year old).
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sampling. The laboratory noted that the weathering of these samples appears to be
slow, and thus the samples may be much older than one year.

The sample obtained from MH-5 showed characteristics that were
substantially different from any of the other samples, including the #2 and #6 oil
standards. The sample was identified as a possible mixture of #5 and #6 oils.
Number 5 oil is similar to #6 oil and is a heavy fuel oil typically used by large
industry and the military. Due to the lack of a standard for comparison, it was not
possible to estimate the age of this sample.

As mentioned in Section 2.4, the sample obtained from MH-3 was subjected to
PCB analysis. PCB concentrations were not present in concentrations above the
detectable limit of 0.5 ppm.

The locations of the contaminated manholes (Figure 2.4) does not correlate
with a specific utility, and thus it appears unlikely that the contamination is
traveling through a particular utility line. It is probable that the oil is trapped in the
soils in the vicinity of Building 79 and is entering manholes with poor structural
integrity.

Oil contamination was not found in the utility trench trending northeast to
southwest between T-1 and the Thames River (Figure 2.4). This indicates that the
oil in the trench between Buildings #78 and #85 is not traveling to the area

surrounding Building #79 through the trench system.

4.2 SOIL CONTAMINATION

Based upon historical information on the oil contamination within the lower
submarine base, five (5) soil borings were drilled in areas suspected to be
contaminated. Representative soil samples were collected for oil finger printing
analysis by fluorescence spectroscopy. Table 4 presents a field summary of

analytical samples selected.
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TABLE 4 -- Field Summary of Analytical Soil Samples

-29-

BORING! GROUND SAMPLE HNu 2
MONITORING SAMPLE ELEVATION DEPTH (ft. ELEVATION SAMPLE 1 | SCREENING
WELL NUMBER IDENTIFICATION (MSL) below grade) (MSL) CONDITION (ppm) REMARKS 3.4
NSB-WE1-5-7 50t07.0 7.45t02.45 coarse to fine sand
WE-1 NSB-WE1-13-15 9.45 13.0t015.0 -3.55t0-5.55 S 0.2 fine sand and silt
WE-2 NSB-WE2-2-4 837 2.0t040 6.37104.37 u 3.0 medium to fine sand
WE-2 NSB-WE2-12-14 8 37 12010140 -3.67to-567 S 3.0 medium to fine sand
WE-3 NSB-WE3-7-9 8.43 701090 1.43t0-0.57 S 40 thick oily appearance in gravel
and coarse to fine sand
WE-3 NSB-WE3-9-11 8.43 90t011.0 -0.57t0-2.57 S 4.0 thick oil appearance in coarse
to fine sand
WE-4 NSB-WE4-7-9 8.62 70t09.0 162t0-0.38 S 0.2 medium to fine sand ‘
1

WE-4 NSB-WE4-11-13 8.62 11.0t0 13.0 -2.38t0-4.38 S 0.2 silt
WE-5 NSB-WE-5-7-9 8.27 7.0t09.0 1.2710-0.73 S 0.4 coarse to fine sand
WE-5 NSB-WE5-11-13 8.27 11.0t013.0 -2.73t0-4.73 S 0.2 coarse to fine sand

Notes

1. u/s = Unsaturated/Saturated soil conditions

2. Headspace analysis

3. Field observations of oil odor and/or soil discolorations

4. All samples analyzed for oil fingerprinting by flourescence spectroscopy




The objective of boring WE-1 was to determine if the oil found previously in
the utility trench line, trending northeast-southwest and adjacent to Building 35,
has migrated into downgradient soils. The two soil samples collected at this location,
one from 5 to 7 feet, and one from 13 to 15 feet below grade, indicated only trace
levels of petroleum hydrocarbons in the soils (refer to Table 5). During the soil
boring program, no readings above background levels were observed on the HNI[
photoionization detector from the soil headspace of samples collected from WE-1. A
test pit, 3 to 5 feet deep was excavated by the Navy per request of Wehran
Engineering, along the utility trench line which runs between buildings 80 and 79.
This trench did not have noticeable oil contamination nor any elevated HNI|
readings.

Borings WE-VQ and WE-3 were drilled in areas suspected to be on the periphery
of the oll contaminated zone.

At WE-2, from 2 to 4 and 12 to 14 feet, only trace levels of No. 6 fuel oil was
analytically detected in soils. Despite relatively high HNI[ readings (1.0 to 20.0
ppm) in the soils in WE-2, no oil staining was observed by the field geologist. The
high HNIl readings may be the result of volatile organic compounds (solvents) being
present in the soil which would not be detected by the fluorescence spectroscopy

analytical method.
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Table 5

LOWER SUBASEKE SUBSURFACE OIL. CONTAMINATION

SUMMARY OF OIL FINGERPRINTING ANALYSIS
BY FLUORESCENCE SPECTROSCOPY OF SOIL SAMPLES

Sample
Identification
m
WE-1 NSB-WE1-5-7 Trace levels of petroleum hydrocarbons resulted in poor
resolution spectra. No usable data obtained.

Location Anaiytical Results

WE-1 NSB-WE1-13-15 Trace levels of petroleum hydrocarbons resuited in poor
resolution spectra. No usable data obtained.

WE-2 NSB-WE2-2-4 Trace levels of a heavy fuel oil (No. 6 fuel oil) detected.
WE-2 NSB-WE2-12-14 Trace levels of a heavy fuel otl (No. 6 fuel oil) detected.
WE-3 NSB-WE3-7-9 Low levels of a heavy fuel oil (No. 6 fuel oil) detected.
WE-3 NSB-WE3-9-11 Low levels of a heavy fuel oil (No. 6 fuel oil) detected.
WE-4 NSB-WE4-7-9 Low levels of a heavy fuel oil (No. 6 fuel oil) detected.
WE-4 NSB-WE4-11-13 Trace levels of petroleum hydrocarbons resulted in poor

resolution spectra. No usable data obtained.

WE-5 NSB-WES-7-9 Trace levels of petroleum hydrocarbans resutted in poor
resolution spectra. No usable data obtained.

WE-5 NSB-WE5-11-13 Trace levels of petroleum hydrocarbons resulted in poor
resolution spectra. No usable data obtained.

-31-



The analytical results of the.soil boring-investigation found WE-3 soils to
contain the highest level of contamination (No. 6 fuel oil). In WE-3, from 7 to 11 feet,
the soils were observed to contain thick oil and HN1| soil headspace readings of 4.0
ppm. The oil appeared to be migrating through a very coarse gravel layer. A
potential source are]a requiring further discussion is the railroad spur that once
existed within Building 79. Oil from the train engines was periodically discharged
into a pit drain which discharged into the surrounding subsurface soils. Based upon
a 9/29/36 map of the “Engine House” this pit drain was located at an elevation of
approximately 4.0 feet above mean sea level. An open ended 4 inch cast iron pipe
extended from the drain sump into the surficial soils outside the perimeter of the
building, near the vicinity of WE-3 (see Figure 4.1). It is therefore likely that the
contamination observed in WE-3 and the surrounding soil is in part a direct result of
this historical operation. This pit has subsequently been filled with concrete. -

Laboratory analysis of soils from gravelly zone detected low levels of heavy
fuel oil. The visible thick, black oil contamination discovered in WE-3 suggests that
historical dumping of oil from Building 79 (the Engine house) may be a
contaminating source and that a larger “pocket” of heavy oil may be present within
the vicinity of this boring traveling through the very coarse layer of gravel.

The main objective of boring WE-4 was to determine if the oil or its
derivatives were moving through the soil matrix between the oil contaminated
utility trench and the oil found on the northwest side of Building 79. No gross
contamination was observed in the soil collected from this location, however, from
depths of 7 to 9 feet low levels of heavy fuel oil were detected. This low level of
contamination may be attributed to the northeasterly migration of hydrocarbon
constituents from the Building 79 area during high tide.

The objective of WE-5 was to investigate previous reports of a thick layer of oil

measured in the destroyed NESO well No. 9. The boring and well is located in the
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center of the previously suspected il contamination zone. During our investigation,
no oil constituents were observea in the soil matrix. Samples were collected for
laboratory analysis from depths of 5 to 7 and 11 to 13 feet. .Both samples contained
trace concentratiuns of petroleum hydrocarbons resulting in poor resolution spectra
for which the laboratory concluded: “no usable data was obtained”.

Laboratory data (indicating only trace to low levels of oil) coupled with field
observations (finding visual heavy fuel oil contamination in only one boring) suggest
that the number 6 fuel oil is relatively immobile and that the bulk or “pocket” of oil
which is suspected to exist in the soils based on the manhole contamination, was not
encountered during the field investigation. The data indicates soils are more likely
contaminated with heavy fuel oil near Building 79 than in the vicinity of Buildings
80 or35. Additional borings or test pits would be required to further delineate the

zone of heavy fuel oil contamination.

43 GROUNDWATER QUALITY

Groundwater samples were collected from seven (7) monitoring wells (WE-1,
WE-2, WE-3, WE-4, WE-5, MW-4, and MW-10) on September 10, 1986. Table 6 is a
summary of data recorded during collection of the samples. Included in the table are
pH, conductance, and temperature measurements that were obtained in the field. As
shown in the table, all groundwater samples were analyzed for oil fingerprinting by
fluorescence spectrascopy.

In general, the pH values in each of the wells were nearly neutral, ranging
from 6.5 to 7.12. Specific conductance values; however, showed extreme variations.
WE-3 (adjacent to Building 79) exhibited very high conductance (>20,000 umho)
which is atypical of groundwater under most circumstances, except extreme
chemically contaminated conditions, highly saline conditions and when a

contaminant containing a high level of metals is present. The specific conductance of
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MW-10 (which is located near WE-3) was also high (11,910 umho). Metal cuttings
within a lubrication/waste oil stemming from past operations and disposal practices
associated with building 79 could explain the high conductivity values present in
this area although no direct evidence was observed during this investigation. High
conductivity in MW-4 (6,370 umho) could be the result of saline water and/or
contamination from another source area because that well is located upgradient
from both buildings 79 and 80. MW-1 does appear downgradient from buildings 29
and the several oil storage tanks, both of which could be potential source areas.
WE-2 specific conductance value was 1,688 umho, which indicates that it may be
influenced by saline waters and 'or be on the periphery of the contamination plume
and that the soluble constituents of the heavy oil contamination problem have
migrated. WE-1, WE-4, and WE-5, all had similar specific conductance values (518,
502, and 500 umhos, respectively). These values are elevated slightly, indicating

low levels of contamination, or a small influence from saline waters.
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Table 6
LOWER SUBASE SUBSURFACE OIl. CONTAMINATION

SUMMARY OF GROUNDWATER SAMPLING DATA*

Monitoring Well Numbers

Date 9/10/86 09/10/86 9/10/86 9/10/86 9/10/86 9/10/86 9/10/86
Time 11:30am [ 12:35pm | 3:33pm 10:45am | 4 20pm 1:20pm 3:55pm
Weather Sunny Sunny Sunny Sunny Sunny Sunny Sunny
“80°F “80“F "80°F “80°F “75°F “80°F “75°F

Sample NSB-WS- | NSB-WS- | Duplicate | NSB-WS- | NSB-WS- NSB-WS- NSB-WS-
identification WE1-002 | WE2-003 | NSB-WS- | WE4-001 | WES-004 MW4-009 MW 10-008

WE3-006

NSB-SW-

WE3-007
Water Level 6.70° 6.20° 5.40' 6.02 6.15° 2.4¢' 5.30°
Depth (TOC)
Water Level 275 217 303 2.60° 212 5.80° 3.02
Elevation (MSL)
Well Volumes 16 pumped 14 13 62 3 3
Pumped Prior to well dry
Sampling twice
pH 6.50 7.12 659 6.50 6.68 710 6.96
Specific 518 1,688 > 20,000 502 500 6,370 11,910
Conductance
(umhos)
Water 35 31 24 32 22 22 21
Temperature
(cC)**
Water clearto clear to clear to clearto clear to dark gray, dark gray,
Appearance very slightly very very very silty silty

slightly sty shightly slightly slightly
silty silty silty silty

Chemical analysis consisted of Oil Finger Printing Analysis by Fluorescence Spectroscopy
The very warm water temperatures of wells WE-1, WE-2, and WE-4, and the elevated water

temperatures of wells WE-3, WE-5, MW-4, and MW-10 seem to reflect a problem with the thermometer.
The first three wells WE-4, WE-1, and WE-2 were measured consecutively with all three of the
measurements being extremely high, the remaining four measurements are also unrealistic values

considering average water temperatures 10-15°C during this part of the year.
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Based upon data collected from the soil boring program, water table
fluctuations and changes in the.direction of groundwater flow caused by tidal
influences, it is likely that the bulk of heavy oil is remaining relatively immobile
near building 79. However, based upon groundwater data and laboratory results,
showing waste and fuel oil contamination (Table 7), soluble constituents of the oil
“pockets” are migrating with the groundwater to locations which are upgradient
from suspected source areas during high tide, and downgradient from suspected
source areas during low tide. To define this more specifically, refer to the
hydrogeologic cross sections, Figures 3.2 and 3.3, both of these cross-sections display
the fluctuations of the water table at high and low tide creating a rinsing action back
and forth past the heavy oil pocket. The soluble oil constituents are stripped and
carried with the groundwater to various locations, depending on the groundwater
flow pattern during that particular sampling event.

During low tide, horizontal gradients are such that groundwater flows from
buildings 79 and 80 toward WE-3, the well which was determined through field
observations and laboratory analysis to be the most contaminated with #6 fuel oil.
During periods of high tide, grounawater flows in two opposing directions and the
confluence of the two flows is between WE-4 and WE-5. Both of these wells were
contaminated with a low level mixture of waste and fuel oil. During both normal low
and high tides, WE-1 was actually upgradient from the suspected source areas near
buildings 79 and 80. Contamination present in WE-1 suggests that other upgradient
source areas may be prevalent on the lower SUBASE, or during times of extremely
high tides or flooding a change in flow conditions may occur. Very high river levels
would allow WE-1 to be affected by the source areas that under normal conditions

would be considered downgradient.
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Table7

LLOWER SUBASE SUBSURFACE OILCONTAMINATION

SUMMARY OF OIL FINGERPRINTING ANALYSIS
BY FLUORESCENCE SPECTROSCOPY OF GROUNDWATER SAMPLES

LOCATION DENTIORE O RESULTS
WE-4 NSB-WS-WE4-001 Spectra typical of a heavy waste/fuel oil.
WE-1 NSB-WS-WE1-002 Spectra typical of a heavy waste/fuel oil.
WE-2 NSB-WS-WE2-003 Spectra typical of a waste oil.
WE-5 NSB-WS-WES-004 Spectra typical of a heavy waste/fuel oil.
Field Blank NSB-WE-FB-005 No petroleum hydrocarbons detected.
WE-3 NSB-WE3-006 Spectra typical of #6 fuel oil.
WE-3 NSB-WS-WE3-007 Results unavailable-sample lost during processing.
MW-10 NSB-WS-MW 10-008 Spectra typical of #6 fuel oil.
MW-4 NSB-WE-MW4-009 Spectra typical of #6 fuel oil.
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44 ANALYTICAL QUALITY CONTROL -

‘The analytical quality control program for this project is designed to assure
that analytical data will be scientifically. valid, defensible, and of knewn precision

and accuracy. The quality control program consisted of the following:

® All bottles used in the field were supplied by the contract laboratory
pre-cleaned and labeled for the specific needs of this project.

° Samples were acquired in succession from the least suspected
contaminated to the most contaminated sample location.

° All sampling equipment was cleaned using Wehran’s six part wash as
established in Section 2.5.1 of this report regardless of whether visual
contamination was present or not.

° Standard chain of custody procedures were used for sample handling.

° The analytical method used for the oil spill identification is
fluorescence spectroscopy. This method provides a means of
fingerprinting oil by spectral characteristics and thereby matching a
field sample to a suspect source oil sample. This method is under
review by the USEPA, the D.0.D., the D.O.T. and various state
agencies, so currently there is no EPA method number. The oil
identification process is simply a direct comparison of the sample’s
spectrum with the spectra from the suspected source samples over the
spectrum range from 280 nm to 500 nm. No additional quality control
samples are tested.

° The one polychlorinated biphenyl sample was analyzed via GC/ECD.
The instrumentation used was a Perkin-Elmer Model Sigma 3 gas
chromatograph equipped with an electron capture detector (Ni63). No
separate quality control was executed on this one sample, instead it was
run with another sample set. This sample was tested to ensure that the

oil in the manholes did not contain PCBs.
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5.0 SUMMARY

In January of 1986 Wehran initiated their pre-site investigation including a
file search and review. It was found that the #6 fuel oil pipes were contained in
concrete utility trenches. The trenches were contaminated east of Building #35
while manhole contamination was present 200 feet west of the trenches.

In July of 1986 a soil boring and monitoring well installation program began.
Five soil borings completed as wells were installed.

In August of 1986 a complete level run (measure T.0.C. elevations) of the new
and old wells was undertaken. >umpling of the oil contaminated manholes and
concrete utility trenches was completed.

In September of 1986 groundwater samples were taken and permeability tests
were run. A complete cycle of tidal fluctuation measurements were made at nine
locations.

A summary of the analytical results follows (see Figure 5.1).

The results of the soil analytical work from the soil borings measured trace to
low levels of #6 fuel oil contamination in borings WE-1 through WE-5. The low
levels of #6 fuel oil were identified in WE-3 and WE-4 west and east of Building 79.

The results of the sludge analytical work from the manholes and concrete
utility trenches identified the oil as a heavy #6 fuel in MH-1 through MH-4 and in T-
1, T-2. The oil sampled in MH-1, 2, 3, and 4 was determined to be older than one
year. The oil sampled in T-1 and T-2 was determined to be less than one year. The
oil from MH-5 was considerably different from the other samples having a mixture of
both #5 and #6 oils. FO-1 and FO-2 were standards taken from the Power Plant.
FO-1 was a #2 diesel fuel while FO-2 was a #6 heavy fuel oil. T-1, T-2, FO-2 showed
spectral similarities suggesting the il present may have been from the same source.

MH-1, MH-3, and MH-4 showed spectral similarities suggesting the oil present may
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have been from the same source. Samples MH-2 and MH-5 showed spectral
differences compared to the other sample, suggesting that the oil present in each was
from a different source.

The results of the groundwater analytical work from the monitoring well
samples identified spectra typical of heavy waste/fuel oil in wells WE-1, WE-4, and
WE-5. The spectra typical of waste oil was located in WE-2. The spectra typical of
#6 fuel oil was found in WE-3, MW-4 and MW-10.

The results of the level run from measuring the top of casing elevations are
WE-1(9.45), WE-2 (8.37), WE-3 (8.43), WE-4 (8.62), WE-5 (8.27), MW-4 (8.26), MW-
5(15.79). MW-6 (8.68), MW-8 (7.81). MW-10 (8.32), MW-11 (8.79), PK-1 (7.53), PK-2
(7.70), and PK-3 (7.69).

The results of the permeability testing conducted on the four wells are WE-1
(3.51 ft’'day), WE-2(0.26 ft/day), WE-4 (5.39 ft/day) and WE-5(15.62 ft/day).

The results of the tidal fluctuation measurements taken at one hour intervals
follows: The well location is presented followed by the hourly water elevations (in

feet above mean sea level).

WE-1:  2.74,2.71,2.73,2.70,2.70. 2.70, 2.70,2.72
WE-2:  2.22,2.17,212,2.12,2.17,2.27,2.47,2.57
WE-3: 1.23,1.18,1.18,1.53, 2.03,2.46, 2.83, 3,12
WE-4: 247,2.42,2.39,2.37,2.37,2.39,2.42,2.44
WE-5:  2.07,2.09,1.94,1.94,2.00,2.12,2.33, 2.39
MW-4: 2.06,1.98,1.96,2.06,2.23,2.26,2.36,2.44
MW-10: 2.22,1.99,2.00,2.00,2.15,2.42,2.80, 3.12
PK-1: 1.20,1.13.1.48,1.80, 2.53,3.07, 3.43,3.66
PK-2: 1.30,1.23.1.42,1.78,2.70, 3.04, 3.50, 3.70
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6.0 CONCLUSIONSANDRECOMMENDATIONS

The objective of this investigation was to identify and delineate the sources of
heavy oil contamination found in tii¢ manholes and trenches of the lower SUBASE,
including recommendations for further investigations and or candidate remediation
measures would be presented.

Upon completing the field work and a thorough review of the results, the
following conclusions are presented:

Soluble constituents from the oil are present throughout the study area,

however, three heavily oil cuntaminated areas were located (refer to Figure 6.1);

1) The utility trench, starting from Building #85 and going north past
Building #78.

2) The manholes and soils north and west of Building #79

3) The electrical conduits and manholes along Corvina Road, from the

manhole north of Building 16 and running west to Albacore Road.

The source of oil in area 1 (utility trench) appears to be the result of a recent
leak in the #6 fuel line contained within the trench. Wehran’s recommendations for
a remediation measure would be to inspect the fuel lines within the trench, ensure
that no leaks presently exist and then proceed with a trench cleaning operation.

The source of oil in area 2 (area around building 79) appears to be an isolated
pocket of oil. There is evidence of contamination from both a heavy #6 fuel oil and a
waste oil. This waste oil was most likely deposited during historic train engine
repair operations. The source of the #6 fuel oil is unknown, but the analytical
results indicate that it is an old release leading us to believe it is an isolated pocket of

oil. This oil pocket most likely was generated from an undocumented release from

-41-



FROBLEM * TRENCH OIL CONTANINATION
RECENTLY RELEASED O/ —LESS TwAN
oNE YERE
SOULUTION = INSPECT Prommg — ENSIRE
THBT 17 IS IN WORRIANG ORDER, CLEPN
THE TRENCH
|

—_ ‘r—‘__‘__——-r‘—"——l__x
( ] — — Ty — , ",; ;?:W FUEL Ol
S ey e R S THRN 7 I
e — “," . _CENTRAL 7
_ ot RAILROAD
y—_— ] ] T e— = S
s 3ea O —_— ey
AMBERJACK, ROAD —_— x ——
I r a7 | —_— e r————— ]
| 345 i — —_—
1 = i —
L gMW-7 4 TS 87 X
- 1 I
[ {DEsTROYED) Mw-5 \ 108 |i
\ 2 \ \ :
s s = i
e 8 one (e N ARGONAUT | ROAD ) |
M5 ! m A% r
N\ ‘
. Ry, i
38 7L, M-l |
- N arariad
\ °¢. ! zI
| .f - es
\ | re carasy, N
™
@ AN, , W ereROX BoUNDARY
MW-3 t 3 e 20 | orF orn. Pocksr @
(M.fm‘-ﬂ) \ _" MW-6 MW-8 | HW'_E
o\ ® : — _ MW-10 wZTaary =iz 9re(fY
O\ \ ® sy ‘
® #g NE#vy AU O (’1) ALBACJORE ROAD MH-9
MwW-2 __ N N
f.m!'srﬂo‘re'p) !L / _'-lﬂlr-, \"ﬂ"-g Y% wravy ruac orcly)
! -7 | ( osyrewrso ) low <Ermes Yy )ur; {re)
M -¥ WE-.
— | 2ty | e
! o (5) FIAL Jy
sy fxo
LEQBLEN] ELECTRIC UTHITY PIER & ; PIER 4
MEANHOLES AND CONDYIT OlL | | oy !
CONTRAMINATED iy Gk
SOLUT/ON * CONTINUE STUDY INTD PIER 10 PIERY PIER § o (f-l) ‘
THE STORAGE AND DISTRIBUTION OF | s
OIL N AND FROUMD SUILOING 29 : e T
| o (52) ALY-3
ey WEQYY Kuse
F-7
THAMES RIVER PROBLEM = MANKOLE AND FOIt Oil. CONTRMINATION < c5L)
QLDER QiL — GRERTER THAN ONE YEAR
—— Sotupon @ SLUDGE o MOPEING
: @ LOCATION § EXCAVRTION OF SOURCE
, CONTRMINANTS 15CLRTED Wt POCKET
NOT TO SCALE
LEGEND
. }
| OMWI0  Lor EXISTING MONITORING WELL { NESO STUDY)
@WE'3  MONITORING WELL NEWLY INSTALLED
oT3 TRENCH
OMH*l  MANHOLE FIGURE 6.1
(%) GROUND WATER SITE SKETCH MAP
WERAN ENGIEAING (so) SOIL : W/ OIL CONTAMINATION LIMITS
e i st SLUDGE NAVAL SUBMARINE BASE - NEW LONDON
T it 9] o], 3 ” Z- GROTON, CONNECTICUT

= PO IerT un NATAN |F



previous inventory practices. From this study the following conclusions were
determined: 1) according to available information a #6 fuel line does not éxist
within area 2, 2) the heavy #6 fuel was found in a variety of manholes with no
pattern or logical distribution, 3) the #6 fuel oil is more than 1 year old, 4) some oil
movement under the relieving platform has occurred but it does not appear
extensive at the present time, and 5) high specific conductance values were
measured in this area which appear to be associated with salt water intrusion from
the tidally influenced Thames River. (This can be confirmed in the field using a Cole
Palmer Model 1481-50 conductivity sulinity meter.)

Wehran’s recommendation for area 2 is to proceed in one of three ways. The
first method would require the efforts of a backhoe and cleanup crew. This method
calls for the excavation of the oil laden soils. The soils could then be removed for on
or off-site disposal/bioremediation. Due to the variability of the oil contaminated
zones, Wehran would recommend initiating the excavation adjacent to the oil
contaminated manholes and proceeding outwards removing the oil laden material as
deemed appropriate. Due to the number and variety of subsurface utilities in this
area (Figure 2.2), the excavation process should be closely monitored and performed
with extreme caution.

The second method and less disruptive of the two would be the physical
removal of the heavy oil from the manholes on a periodic basis. This method would
utilize the natural ability of the oil to migrate to specific manholes and calls for a
scheduled maintenance program. The oil would be removed and drummed on a
scheduled maintenance program using special oil absorbent materials and
machinery (e.g. Oil Mop Inc.). The advantages of this method is that it utilizes
natural oil migration pathways, requires very little capital, and most importantly

the area remains undisturbed and traffic conditions are unchanged. A major
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disadvantage to this method is the potential for a release of the soluble oil to the
environment.

The source of oil in the third area, electrical conduits and manholes along
Corvina Road appears to be from the Building 29 area. The oil sampled in this area
was determined to be a mix of #5 and #6 fuel oil. The spectra from this oil was
different than all other samples taken. The source of oil could be from the storage
tanks and/or from Building 29 itself. This area was originally inspected in January
1986 and no oil was found, but during this study’s field activities in August 1986, a
worker was observed with oil covered boots. A discussion with the worker revealed
that when he first entered the manholes, the electrical conduits were filled with oil
and the manholes were clean. To work on the electrical lines he cleaned the oil out of
the conduits into the manholes. The oil in the conduits appears to be periodically
deposited, possibly during very high water events (flooding). The oil is transported
into the conduits while the water level is high and remains there as the water
recedes to normal levels. Although no obvious oil contamination was found in the
electrical conduits between Buildings 29 and 79, oil was found in the electrical
manholes at each location. Wehran recommends further study in this area. This
would include a study of the electrical conduits/manholes along Corvina Road, and a

thorough review of the oil supply and distribution system of Building 29.
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APPENDIX A
Soil Boring Logs



1)
2)
3)
4)
5)

6)

K=

KEY TO NAVY SUBMARINE BASE - GROTON, CT.

BORING LOGS & WELL INSTALLATIONS

PVC Riser - 2" OD

PVC Screen - 2" OD, 0.10 slot size
Bentonite Seal

Portland cement grout

Roadway Box

Ottawa Silica Sand

Hydraulic conductivity



WEHRAN ENGINEERING

CONSULTING ENGINEERS

TEST BORING LOG
BORING NO. wE-1

PROJECT : Navv Submarine Base (lower section). Groton, CT SHEET NO. | OF !
CLIENT : Navv JOB NO. 04360
BORING CONTRACTOR : New England Boring ELEVATION 9.45 MSL
GROUND WATER CAS. | SAMP. | CORE | TUBE | DATE STARTED 7/14/86
DATE | TIME WATER ELEV. SCREEN INT, TYPE |Augered SS DATE FINISHED 7/14/86
7/14/861 Initial | 6-7' below grade |15-5' below grade DIA, 4" ID 2" 0D DRILLER nike St. Jobn
7/16/86 7.02! WT. 140 1bs INSPECTOR Rarbara Rilev
FALL 30" Drill Rig - Mobile B33
WELL I SAMPLE
CONSTRUCTION |Sw BLOWS PER CLASSIFICATION REMARKS HNU
A o‘(; No. (Type|B5ons "€ (pprY
@\ i Black Macadam 0.5’
L ~FILL-
Dark brown. medium to fine SAND, little Gravel. DRY
A trace Macadam.
! U
N G
3 ’T‘, L E —
~ - R
L E
R D
F S —t——p——————— - - - - e - m e - - Sttt mmmmm e 5.0
L 2 L.oose brown coarse to fine SAND., little sub-
| 5-1] SS 2 angular Gravel, trace Silt 0.2
L 3
4 X 17.02" water Table
2
AN 9 .
6 . S-2 sS = WET 0.2
& .
@ - :
2
S-3 | SS 3 0.2
=10
9
3
L [s-4a| ss 3} 0.2
N 3
3 12.5' :
S-4B{ SS 2 CALLUVIUM- Some organics 0.2
L 3 Soft, dark brown fine SAND, some Siit.
L |s-5| ss 3
g
15
- ve o 15.0¢
L -END OF BORING AT 15.0
Bottom of well [ * Background = 0.2 ppm
at 15.0' - ANALYTICAL SAMPLES COLLECTED
i Well/Depth Number Analvsis Tvpe
L WE #1 NSB-WE1- | Flourescence Soil
L 5.0-7.0' 5-7 Spectroscopy
o WE #2 NSB-WE1-~ | Flourescence Soil
LQO 13.0'-15.0" §13-15 Spectroscopy
L K = Hvdraulic Conductivity = 3.46 ft/day
L
s




WEHRAN ENGINEERING TEST BORING LOG
CONSULTING ENGINEERS BORING NO. we-2
PROJECT : Navv Submarine Base (lower section). Groton. CT SHEET NO. 1 OF 1
CLIENT : Navy JOB NO. 14360
BORING CONTRACTOR ! New England Boring ELEVATION 8.37 MSL
GROUND WATER CAS. SAMP. | CORE | TUBE | DATE STARTED 7/15/86
DATE | TIME WATER ELEV. SCREEN INT, TYPE | sugered SS DATE FINISHED 7/15/86
%/15/86 Initial 6.0 12.1'- 2.1 DIA.  J4"[D [2"0OD DRILLER 1rike St. John
7/16/86{2:38 pmf 6.5 Below Grade WT. 140 Ibs INSPECTOR pgrhara Riley
FALL 30" Drill Rig - Mobile B53
WELL I SAMPLE
CONSTRUCTION |3 BLOWS PER CLASSIFICATION REMARKS uNy
. &=l NO. [TYPE| g nones , .
o (ppm)
@ 2 - TOPSCIL- 13.0
S-1 SS 3 Medium dense, cdark brown verv fine 1.0 DRY
ey T 9 2 SARD, gsome €itl, litctle rouraeed
- ~ - gravel, trace Rcots.
- = —TTTL=
b 3‘ Loose. brown medium to fine SAND, little Silt and DRY 3.0
L ls-2 | ss - rounded Gravel.
L 2
1 v DRY
| 4
4.0
4
F5]s-3 | ss 3
- 5 vi
- Tomssmss-ssss---------------S=p 6.5 Water Table
L 2 Verv Loose. brown coarse to fine SAND, little WET
6’ | 1 rounded Gravel, trace Silt.
= s-4 | ss 1 Poor Recovery 20.0
L IS-5A] SS 3 Loose brown coarse to fine SAND. little -Gravel lense
= i  subangular Gravel. trace Silt | 8.0 2.5
9 -
Lo S-5Bf SS 2 2.5
! 4
L |s-6 | ss 3 Loose, brown. medium to fine SAND, some Silt. 1.0
5 3
2
[ 3
1
13.0' 3.0
M ls7al ss T —ALLUVIUM- ] 50
F ls_7Bl ss n \gela_lrgSLI%c’)I?;e. dark gravish brown verv fine SAND Some organics
Bottom of well END OF BORING AT 14.0'
at 12.1' - is * Background = 0.2 ppm
L ANALYTICAL SAMPLES COLLECTED
L Well/Depth Number Analvsis Type
I WE #2 NSB-WE?2- Flouresence Soil
- 2.0'-4.0’ 2-4 Spectroscopy
B WE #2 NSB-WE2- Flouresence Soil
12.0"-14.0' | 12-14 Spectroscopy
2o
L K = Hydraulic Conductivity = 0.59 ft/dayv
=




WEHRAN ENGINEERING

CONSULTING ENGINEERS

TEST BORING LOG
BORING NO. vE #3

PROJECT ©  Nayv Submarine Base (lower section). Groton. CT SHEET NO. | OF 1
CLIENT : Navy JOB NO. 04360
BORING CONTRACTOR : New England Boring ELEVATION 8.43 ISL
GROUND WATER CAS. | SAMP. | CORE | TUBE | DATE STARTED 7 15/86
DATE | TIME WATER ELEV. SCREEN INT. TYPE |Augered SS DATE FINISHED 7 15/86
7/15/86] Initial |6.0' below grade |13.0'-3.0" below DIA.  |amip [2v0OD ORILLER Afike St. John
grade wT. 140 lbs INSPECTOR Barbara Riley
FALL RIt Drill Rig - Mobile B53
WELL I SAMPLE
CONSTRUCTION |ow BLOWS PER CLASSIFICATION REMARKS HNU*
ég o™t NO. [TYPE! "¢ \ncHES (ppm)
[O) © Black Macadam 0.5'
r Augered thru first half
-FILL- foo% of pavement
) i Medium dense, dark brown fine SAND, DRY 0.2
s-11| ss 12 little Silt and fine subangler )
@ 9 Gravel.
L 11
L 3]
[ 3)3 No recovery
5 12
8 !1 6.0' - Water Table
WET
@ @ 3 I;Joggcovery
i f Medium dense. dark brown and black fine Thick oily appearance 4.0
S-2 188 3 GRAVEL. some coarse to fine Sand. trace Silt. 719 o
i - -Brick fragments-—
: 6 ________________________________ G 0‘
L 53 1 ss 15 Dense brown coarse to fine SAND and GRAVEL., | *°
0 15 trace Silt. 4.0
30
i 13
- 1sa | ss 6 Dense brown, coarse to fine SAND, little fine sub-
i ; 17 angular to rounded Gravel. trace Silt. No oily appearance 1.0
R 12
10
Bottom of well P END OF BORING AT 13.0' * Background = 0.2 ppm
at 13.0° -
15 ANALYTICAL SAMPLES COLLECTED
- Well/Depth Number Analvsis vpe
s WE' #3 , NSB-WE 3-1 Flouresence] Soil
7.0'-9.0 7-9 Spectroscopy
L WE #3 NSB-WE 3- ] Flouresence | Soil
9.0"-11.0' 9-11 Spectroscopv
-
-
ol
208




WEHRAN ENGINEERING

CONSULTING ENGINEERS

TEST BORING LOG
BORING NO. WwE #4

PROJECT ! Nayy Submarine Base (lower section). Groton, CT SHEET NO. | OF 1
CLIENT : Navy JOB NO. 04360
BORING CONTRACTOR : New England Boring ELEVATION 8.62 MSL
GROUND WATER CAS. | SAMP. | CORE | TUBE | DATE STARTED ~/16/86
DATE | TiME WATER ELEV. SCREEN INT. TYPE | Augers SS DATE FINISHED 7/16/86
7/16/861 Initial | 6.0' below grade | 13.3-3.3' below DIA. 147D |2"0D DRILLER \like St. John
7/16/86| 2:44 prl 6.35' grade wT. 140 1bs INSPECTOR Barbara Rilev
. FALL 30" Drill Rig - Mobile B53
WELL I SAMPLE
Ay CLASSIFICATION *
CONST@CTION wl no. JryPE BIS.OI:SHZESR REMARKS HNU
o ¢ (ppm)
@ ! Black Macadam - pavement Augered to 1.0’
L |S-1A S8 43 Very dense black macadam and angular GRAVEL. 2.0°
@ @ 35 ] Broken up boulder {rom n.4
L |s-1B| sS 28 Very dense gray angular GRAVEL. 2.0"- 3.0 0.9
- 28 ________________________________ 3‘[)! -
5 21 Poor recoverv
s - 8
S-2 SS 3 DRY 0.2
L 5 3 -FILL-
2 i
i 1
1 —¥ 6.35' wWater Table 0.2
@ 1 Na recovery
[ 1 Loose brown, medium to fine SAND, some Silt. WET
| |S-3]| sS 3
® I 3
s 2 0.2
X 3
Lo} s-4 | sS 3
X 74
L [12 1.0 D2
3 51| ss L -ALLUVIUMN- some organics 0.2
L S-5 ! Verv soft dark brown SILT. little fine Sand.
1
1
Bottom of well F END OF BORING AT 13.0' * Background = 0.2 ppm

at 13.0°'

ANALYTICAL SAMPLES COLLECTED

Well/Depth Number Analysis Type
WE #4 NSB-WE 4- | Flourescence Soil
5.0-7.0" 7-9 Spectroscopy
WE #4 NSB-WE 4- Flourescence Soil
11.0"-13.0" {11-13 Spectroscopy

K = Hydraulic Conductivity = 5.67 ft/day




WEHRAN ENGINEERING

CONSULTING ENGINEERS

TEST BORING LOG
BORING NO. :E #3

PROJECT : Navy Submarine Base (lower section), Groton, CT SHEET NO. | OF !
CUENT:  Nawy JOB NO. g4sap
BORING CONTRACTOR:  ~ew England Boring ELEVATION g o7 ~qq,
GROUND WATER CAS. SAMP. | CORE | TUBE | DATE STARTED -~ 15/85
DATE | TIME | WATER ELEWV. SCREEN INT. TYPE |Augers | s§ DATE FINISHED - -5/86
7/16/88 Initial| 5.5' 17.9-2.9' below || 0'A- [47ID {2" 0D DRILLER \1fjke St. John
ground surface |i WT. 140 Ibs INSPECTOR RBarbara Riley
FALL 3a" Drill Rig - Mobile B33
WELL i SAMPLE
CONSTRUCTION [atl \ o Trypg[BLows PeR CLASSIFICATION REMARKS HNU o
roadwav box ) 6 INCHES (ppm)
© °
@ 2 Augered thru black
macadam to 1.0’
S-1A| SS 22, Dense. black macadam
0 18 o 0.2
Y — T 2.0
U - [s-1B| ss . -FILL- B
12 Medium' dense. Gark brown, medium te DRY 0.9
12 fine SAND, scme Silt, little fine
i - Gravel.
- [s-2] ss 3
§ 10 1.5
b 5 po——t——a |- -~ - -~ " - - - - - - - - - - - - - m - - - - - m 5.0
! 3
S-3 1S 12 = =
+ S A4 2.2'- Water Table
i 1 Loose brown coarse to fine SAND. some rounded 0.4
2 1 Gravel, trace Silt. WET
3
" | s-4 |sS 12
- ] 5 o0 0.4
@/ L 8, Loose brown. coarse to fine SAND. some Silt,
0 S-5 | S8 4 trace Clav. 0.2
1
10
L b
3
- |S-6{ SS 3
i 4 Augered to 14.0' 0.2
L
* Backgrcund = 0.2 ppm
Bottom of well | END OF BORING AT 14.0°
az 14.0¢ 15 ANALYTICAL SANPIES COLLECTED
t Well/Depth Number Analysis Type
o WE #5 NSB-WE 5- | Flouresence Soil
5 5.0-7.0" 5-7 Spectroscopy
i WE #5 NSB-WE 5~ |Flouresence | Soil
8 11.0-13.0' 11-13 Spectroscopy
ool K = Hvdraulic Conductivity = 19.19 ft/dav
L




APPENDIX B
Permeability Calculations



WEHRAN ENGINEERING

[
WE

VARIABLE HEAD
FERMEABILITY

TEST

CONSULTING ENGINEERS PIEZOMETER No. WE # 1
L PROVECT: Navy - Lower Sub Base, Groton, CT TEST DATA
CLIENT: Navy ELAPSED TIME HEAD RATIO
| JOB NO: 04360SF (sec) (h, / h,)
' DATE OF TEST: g4/10/86 0 1.0
SCREENED INTERVAL: 15 .72
I Screen interval is from 15.0 to 5.0 feet 30 .45
} below the top of PVC casing. 45 .28
60 .18
70 .12
METHOD: 90 11
Rising head test 105 .08
120 .05
r® 1n (h;/h,) .ln L 135 .04
150 .03
K= 21 (ty-ty) R 165 .02
180 .02
Hvorslev (1951) 195 .02
210 .02
1.
09
08__
0.7 = :
0.6 . T
-, 05 __
£
~
,._:* 0.4‘_ . — e i
- T : Ft = o ittt
o T : + T T ¢ —t T
I L RN NIEERES
o : i 1
o ) ~—- s+ PR T S -
- ¢ t + T : T : R I .‘4‘_‘ : 4
T oo, 37 : S SEEsERsass -
T ] i : U O R o =
. +— S H e T St o A,.T‘..| :_J‘ 1__:,:-,.-‘ +— 4 —- b
S e L e T
T T T e T T T T T BRNEE
I : ' | ! | | : | [ [
‘ ] I - T ITIIra T i \
or LEHBEHH HH | 1 1
0 100 200 300 400 500 600
ELAPSED TIME
CALCULATIONS:
r = 254 cm 2
R = 5.08 cm K = (2.54 cm) In (0.72/0.11) 1 253 cm
= .1n
L = 266
tl= 15 sec 2 (253) (90 - 15) 5.08 cm
t2= 90 (.0003194) (3.9) = .00124 cm/sec
3
hl - 0.72 = 1.24 x 10 cm/sec
h2 - 0.11 = 3.51 feet/day




WEHRAN ENGINEERING

VARIABLE HEAD

c ING E RS FERMEABILITY TEST
, ONSUL NGINE PIEZOMETER No. WE #2
| PROJECT: Navy - Lower Sub Base , Grotof, CT TEST DATA
CLIENT: Navy ELAPSED TIME| HEAD RATIO
{ JOB NO:  04360SF (sec) (h, / hg).
| DATE OF TEST: 9/+0/86 0 1.00
SCREENED INTERVAL: 15 .98
30 .96
Screen interval is from 12.1 to 2.1 feet a5 ‘95
below the top of PVC casing. 60 93
75 .92
METHOD: 90 .90
Rising head test 150 .83
210 .17
£ 1n (hy/hy)  .ln L 330 .66
K = . 510 .51
R 630 .42
2L (£, - ty) 690 .38
Hvorslev (1951)
1.
09.. BE== :
08._. = = =SS
0.7__ = t
0.6 . _ 1 :
T 1|
Ac 05 TL
&~
~
= 0.4 _ 3 =3 -Hf,.__
; "ll*" 1 I : 1 i Sl _'L'“"’” T T
E o3 I3 --,,%:.4_.1‘_4&‘;_4,1,_‘* IS SETS R S N o S o ok £
x : —— — el e e e S e e e e
o S (O S e S o i g R A RSN p R S e r
g — — T T
£ oo imib SESsdnessESERERRRRRSRASSCe 350t
o — I L A O e e e o S e T i
T - ‘ N 1 L B MO0 ki i R bt e
T R e T T T THH
L+ M SN SR | T b de f 3 f
[ Ll J | T ! ] L !
b e e LT 1=
oa. LU T T P T b e e o F e il
0 100 200 300 400 3
ELAPSED TIME
CALCULATIONS:
r = 2.54 cm 2
(2.54 cm) In (0.66/0.51) .1n 179.83
R =5.09 cm K = —_—
L = 179.83 2 (179.83) (510 - 330) 5.08 cm
tl = 330 (.0000257) (3.57) = .0000917 cm/sec
t, = 510 = 9.17 x 10°° cm/sec
hl = 0.66 = 0.26 feet/day
h2 = 0.51




W= WEHRAN ENGINEERING
WS

CONSULTING ENGINEERS

VARIABLE HEAD
TEST
PIEZOMETER No.

rERMEABILITY

WE #4
PROJECT: Navy - Lower Sub Base, Groton, CT TEST DATA
CLIENT: Navy ELAPSED TIME | HEAD RATIO
JOB NO:  04360SF (sec) thy 7 h,)
DATE OF TEST: 9/10/86 0 1.00
SCREENED INTERVAL: 15 .52
Screen interval is from 13.3' to 3.3' below 30 .30
- the top of PVC casing. 45 .18
60 .13
75 .09
METHOD: . 105 .07
R%51ng head test 115 .07
r 1ln (h,/h,) .ln L 175 .07
K = 1772
2L (t2 - tl) R
Hvorslev (1951)
1 .
09 __ =
0.8__ Ik
0.7__ &
0.6 _ = :
~ o5 =4 '
=
~
c& 0.4 __ §X 13 o [0S SET S i e e =
; A&E, == %- R et I it e Te ce i o Sy o
E 03 = ‘.i -F».,J!__l th_ff. %,4_ ,VH,L i ;_t—:f, __;..fj 1{__ _f +
x e ot e e S e
o Y e e S 4 s ot s o o S B e e =
q ? 1‘ 1 B M T 1 ; a1 .A L. 4 ¥
g 0.2 ?’L YE ‘A‘ = - Ji} WL-“lfL ‘L‘:‘_W‘”%Etw ' ,I‘ !
B e e i i sy oy s : 1
I 8 SRR R B S ot bl s W R —— T
+4 %r’f*%L-%'$+3*+*%? Pl e Tt E
T T e e e SEEERS
AT L BEREEREENEESSEEEREN ERERN| INNEN
BERNK i T T T i
01 *'*?"‘?ﬁ TTTTT *jr',‘"-i*ﬁ“}f; T T 177
0 © 100 200 300 400 6
ELAPSED TIME
CALCULATIONS:
2
r = 2.54 cm (2.54 cm) In (0.52/0.18) . 1ln 221.89 cm
—_— K =
R = 5.08 cm 2 (221.89 cm) (45-15 sec) 5.08 cm
L = 168.2 cm
tl = 15 sec (.0005141) (3.7) = .0019021 cm/sec
t, = 45 sec = 1.9021 x 107> cm/sec
hl = 0.52 = 5.39 feet/day
h2 = 0.18




W.V= WEHRAN ENGINEERING VARIABLE HEAD

e PERMEABILITY TEST
LT ConsuInG &
NGINEERS PIEZOMETER No. WE #5
PROJECT: Navy - Lower Sub Base, Groton, CT TEST DATA
CLIENT: Navy ELAPSED TIME HEAD ~ RATIO
JOB NO:  (04360SF (sec) (hy / )
DATE OF TEST: 9/10/86
SCREENED INTERVAL : 0 1.00
- Screen interval is from 13.9' to 3.9' below %g '82
the top of PVC casing. 45 00
I METHOD:  Rpising head test
2
r 1n (hl/hz) .In L
| Y
2L (t2 - tl) R
I Hvorslev (1951)
1.
| 09 E
0.8__ ‘
0.7 = : = :
| os E== :
~ 05  Hmee T
£ +
~ T
& 04 _F - : S e e = e 5
S jg» = o i el e e e i
5 03 |IEETEErat e o o e S e = ]L{}—— ; F
@ T " 1 F— l iy : !
o e e S e B e S TE g Syptes o pp e #‘f.?.L,L_fr.,_i_i 1 ;
ﬁ T - I I f I T _[_f I I I% 1]
T e e e e SRS e SR S e S S S S T
02 mImm i SR ' e
S 0 SO 0 A 0 SRS 0 T f ”
“l' { . . ‘ : | R e X Loy —
RS R P e ARl e R A o
= SRS RN RS AEEREE——— [EySREREE i
[N R YT OO . FTTITTETC 1 RERE
SEBSUES AR RENES AASNEGEEY H T .
o1 Lt M by e |
0 100 200 30 400 500 (9
ELAPSED TIME
CALCUL ATIONS ,
r = 2.54 cm (2.54 cm) 1n (1.0/0.35) . 1ln (236 cm)
R =5.08 cm K =
L = 236 2 (236 dm) (10 sec) 5.08 cm
tl = 5 sec
t, = 15 sec (.001435) (3.84) = .0055102 cm/sec
hl = .58 = 5.51 % 10-3 cm/sec
h, = 0.35 = 15.62 feet/day
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Water Quality Sampling Field Data Sheets
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WATER QUALITY SAMPLING
FIELD DATA SHEET

LOCATION No.: . (& # |
LAB SAMPLE No.: AS8-wS-wE!l ~0oa

-W WEHRAN ENGINEERING

CONSATING ENGINEERS

PROJECT: Mavy Sum ga SE (Droten Conn.  CATE e [5E TIME: 11130
CL!ENT: oY ‘ WEATHER CONDITIONS : NJ:D‘”: f

AR TEMPERATURE: A
OB No: pd3e0 sE TYPE OF SAMPLE: (3 GROUND-WATER
SAMPLER: 5"9’/‘; 3 P. Crofemcc O SURFACE-WATER {J OTHER
WELL DATA:
CASING CIAMETER:__2in _ @Pvc O sTeeL O oTheR
screen OIAMETER: ¢Olin _ orPvC (] GALVANIZED STEEL (] STAINLESS STEEL [ GPEM ROCK
STATIC WATER LEVEL: e BoTToM oEPTH: ____ 15,05
CATUM: [ TOP OF PROTECTIVE CASING g/ TOP OF WELL CASING O OTHeR:
GRGUHD SURFACE TO DATUM: .35 WATER VOLUME 1h WELL: ___ -2 £
CONDITION OF WELL: Fhod . Aeveloped clesn _on 91934 € Gloree L Sceare

- PUMPING DATA:

wETHOD: [J SUGMERSIBLE FUMP (] PERISTALTKC PUNF [ CIAPHRAGM PuMP [ 2aiEP

O OTHER: __lsarumy; Spane. [ omp -~ Model  TE-50-RW
1S PUMPING EQUIPMENT DEDI!CATED TO SAMPLE LOCATON ? (J YES WO

PUMPING RATE [gal. fmiq ELAPSED TiME. Q3 min vouumE suMpen 22 gallen s,
WAS WELL EVACUATED ? (J YES NO  WELL VOLUMES PUMPED: L1é+

SAMPLING DATA:
METHOD: [J SUBMERSIBLE PUMP [J PERISTALTIC PUMP gﬁuﬁ defplo A
T OTHER:

IS SAMPUING EQUIPMENT DECICATED TO SAMPLE LOCATION ? [J YES gfn{ De comtaminried .
Sacia ¢ 0 e chv o\
DEPTH OF SAMPLE _ [0 To |4 feed

CONTAINERS: NUMBER/ TYPE: NMNSB-w S -wE | —ooRd [lfer amber glass yar
PHYSICAL & CHEMICAL DATA:
APPEARANCE . TOLEAR [ TURBID [J COWOR — __ (BTONTAINS SEDINENT: K 47Ale sil

O3 CCHTAINS IMMISCIBLE LIQUID O OTHER:
COOR O YES )

FIELD DETERMINATIONS
TEMPERATURE. 25°% pH : £.5 spec. conn 508 i

CTHER:

REMARKS:




s

-

WEHRAN ENGINERING

COMNSUATING ENGINEERS

AAE

WATER QUALITY SAMPLING
FIELD DATA SHEET

LOCATION No.: WeE # 2

LAB SAMPLE No.: _WNSB-wS-wi2-00 3

NAVY Su/S AaSE 6 roton Conn ,

PROJECT:
JLIENT: WY 4
JOB No: . o93¢0 5

SAMPLER: 6. ﬁ"/%l P» Cral-ca-o(

oare.__ o (86 Ting: 12135
WEATHER CONDITIONS : Sunny

AIR TEMPERATURE : g0°r

TYPE OF SAMPLE: [T GROUND-WATER

O SURFACE -WATER O OTHER

WELL DATA:

SASING O'AMETER ___2in PVC

O STEEL O OTHER:

SCREEN GIAMETER: e Qlin B%C (O GALVANIZED STEEL (J STAINLESS STEEL 1 OPEN ROCX

STATIC WATER LEVEL: 6.2 BOTTOM CEPTH: (2. ]
DATUM: [J TOP OF PROTECTIVE CASING @ TOP OF WELL CASING [ OTHER:

SROUND SURFACE TO GATUM: .35 ° WATER VOLUME IN WELL: 1.00%
CONDITION OF WELL: oo A M&{g{/ - YA A /[0 L sccars,

SUMPING DATA:

METPOI0: (] SUBMERSIBLE FumF [ PERISTALTKC PUMP G

CIAPHRAGM PuUMDP O 2AnNER

0 OTHER: Tsuromi _Snsiae Feomp TE-50 RW
/S PUMPING EQUIPMENT DEDICATED TO SAMPLE LOCATICN ? [ YES B-~o
_,Coﬂll hot '
A MG RATE: AL/A measard ELAPSED TIME . 10 min VOLUME PUMPED- WBH&J-QGM;

#AS WELL EVACUATED ? Q/Y;:5 O NO

WELL VOLUMES PUMPED:

3E+

Pumpe d- chryg  fwicE .

SAKMPLING DATA:

METROO: O SUBMERSIBLE PUMP

3 CTHER-

S SAMPLING EQUIPMENT DEDICATED TO SAMPLE LOCATION ?

DEFTHM OF SAMPLE:
SONTAINERS: NUMBER/ TYPE:

{] PERISTALTIC PUNMP G BAILER 7¢&/om - Deconed
opler Ench
[o/l¢=f""“\
O YES (z}/no
[ O to [ R feet
NVER - (S - WER-003 ~ [ [ifer améev  jar,

PHYSICAL & CHEMICAL DATA:

APPEARANCE ¢ CLEAR O TumslID

0 CONTAINS MMISCIBLE LIQUID

coor: O YES.

FIELD CETERMINATIONS:

E d
TEMPERATURE 31 pH :

@ o

cg/cou.on-ﬁé:_**__é"’i‘c CONTAINS SEDIMENT Btk s it
O GTHER-

2./ sPEC. ConD- /6 FT qmbm

CTHER:

REMARXS:




7

WATER QUALITY SAMPLING

\/::7 WEHRAN ENGINEERING FIELD DATA SHEET
- M CONSING ENGINERRS LOCATION Nao.: wE Y

; ws
L AR SAMPLE No.: _NSRAWEYG-0D!

=1

DATE: 7/re (B2 e [O:4S

FROJECT: NAY Sam Base , &eten ,Conn.

CENT ey WEATHER CONDITIONS : 5‘:”"”‘7/
AR TEMPERATURE : ~go°F

JoB Noi ..__o4360 S TYPE OF SAMPLE: Maﬂomnen

AMPLE R: g'ﬁi/‘/"l /R Ceotea et 0 SURFACE -WATER O OTHER

WELL DATA:

ASING CIAMETER:___3i7n G@c O sTeeL O OTHER:

SCREEM OAMETER: ___0/iA _ [@PVC (] GALVANIZED STEEL (7 STAINLESS STEEL [ SPEN ROCK
TATIC WATER LEVEL: $6.02 BOTTOM DEPTH: 3.3 3
DATUM: [] TOP OF PROTECTIVE CASING & TOP OF WELL CASING O OTHER:

AQUND SURFACE TO DATUM: . N WATER YOLUME IN WELL. [ (68 gallens
CONCITION OF WELL Mook el Hewelope M ARI36 ond 3[telT6  Secure
SUMPING DATA:
METROD: 3 SUBHERSIBLE PUMP [ PERISTALTR PUNS O CIAPHRACM Pume [ Bances
&Z/:)THER= Tir g, Fngirt Pomp — fMedef TE-50-RW

5 PUMPING EQUIPMENT DEDICATED TO SAMPLE LOCATION ? (J YES B NO

UPING RATE /q«‘ /Ml"lﬂ e ELAFSED TiME- Lé My - VOLUNME SUMPED: /5345

AS WELL EVACUATED » [ YES (['NO  WELL VOLUMES PUMPED: [3 +

SAMPLING DATA:
LETHCO: [ SUBMERSIBLE PUMP [0 PERISTALTIC PUMP G]@u.sn

O OTHER:
conda an¥om **t“
1 SAMPLING EQUIFMENT DEDICATED TO SAMPLE LQCATION 7?7 [ YES NG z("k ;:Mh’vf‘ R

DEFTH OF SAMPLE _Approx [0 #to I2feat~

~CNTAIKERS: NUMBER/ TYPE: NSE-NS-NE{f ~o0/ Dne [iter amber glass WY
PHYSICAL 8 CHEMICAL DATA:
FPEARANCE - CLEAR O TumrBID D COLOR —— ] CONTAINS SEDIMENT: Y@~y [ffle. sil7-

O CONTAINS IMMISCIBLE LIQUID 0 OTHER:

~DoR. J YES: @N/O

JELD DETERMINATIONS )

4 Soa
TEMPERATURE. 32°fF pH 6. 50 SPEC. COND: “mho
i THER:

REMARKS: pegonfanu\a\‘w/ barler - aJﬂFUL S A Col{é(ﬁ.m
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\/= WEHRAN ENGINEERRING

- \\5S conmume BGress

WATER QUALITY SAMPLING
FIELD DATA SHEET

LOCATION No.: Mu # 3
LICATE

LAB SAMPLE No.: VSR -wS-WZ3-00%

NMSRB -wS-wE3-00¢

B . 3 . '3
PROJECT: __ Ay _ag R sE , Grovorr Conn. — DATES 2/0(26 _ time: 233
o H S ”
LIER T Y WEATHER CONDITIONS w :31
s e AIR TEMPERATURE : A B3O~
H : bﬂ N
JOB Ko TYPE OF SAMPLE: a%u;w-wncn
SAMPLER: £ Zm—/w £_Croten () SURFACE -WATER O OTHER
WELL DATA:
~ASING DIAMETER:___2ir  &¥Pvc (O STEEL (O OTHER:
SCREEN GIAMETEZR: _ . Olin  @PyC (] GALVANIZED STEEL ({J STAINLESS STEEL  J OPEN ROCK

4

STATIC WATER LEVEL:

8OTTOM DEPTH: (3.0

caTUM: (O TGP £F PROTECTIVE CASING

3ROUMD -SURFACE TO DATUM:

(3~ TOP OF WELL CASING

00 OTHER:

WATER VOLUME IN WELL: |21

CONDITIONH OF Woll:

lfogpdd  SAcare excot ;/ar ;u:?acc geal olich /S ercﬁl-g_

DUMPING DATA:

METHOD: {J SUBMERSIBLE FuMP T PERISTALTIC PUMP
Tsurgqm/ _Enaene Pomp - Model TE-5D =R

O OTHER:

O CIAPHRAGM PuMP 0 2aneR

IS PUMPING EQUIFMENT DEDICATED TO SAMPLE LOCATXON ?

Q‘é?{; Jm Jrcto,

WP MG RATE:

ELAFSED TIME:

O ves B wo
IFmms.  vorume suwsen = /8 aals

¥AS WELL EVACUATED ? (3 YES [ NO  WELL VOLUMES PUMPED: /14 +
SAMPLING DATA:
JETHCO: [] SUEBMERSIBLE PUMP (3 PERISTALTIC PUMP  @-BAILER TeFlon

(O OTHER:

S SAMPLING EQUIPMENT CEDICATED TO SAMPLE LOCATION ?

SEPTH OF SAMPLE: __ (O fo /3 F{.

TONTAINERS: NUMBER/TYPE:

VB -w/S-pE 3 -0048

W —Dee_onﬁpmanﬂ Gosler %

oath Smf& (‘MW‘\

Glass Ambee  [eci

Q YEs

—_— / Loter

VSE -5 WET 007

vl 55 aben Jar

— b

PHYSICAL 8 CHEMICAL DATA:

LPPEARANCE : CLEAR g TumsiD

2oCRrR.- (O YES.

TIELD DETERMINATICNS

4
TEZWPERATURE. 24°%¢ pH:

O} CONTAIMS IMMISCIBLE LiIQUID ;}HER'
NO

] COLOR: KL 254t Snwi(] CONTAINS SEDIMENT: ey Lt soff”

£59 SPEC. COND _ 2% g

CTHER:

l IC.-'—“—OQK'_'",

REMARKS:
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WATER QUAL'TY SAMPLING
FIELD CTA SHEET

- %:\E ENGINERING LOCATION No.: wE#H S5

LAB SAMPLE No.: NMSB-W5-W5i5-00¢

B — . YO
PROJECT: NAN  sup BRSE . broteon, (on-. DATE: Yo [3& TIME: /
WEATHER CONDITIONS : 342
CLIENT: _NVAVY = 3o°F;

AIR TEMPERATURE:

TYPE OF SAMPLE: %ouuo-w;rsa

SAMPLER: /5. ity /ﬂ Crotern [0 SURFACE -WATER O OTHER

WELL DATA:

CASING ouAMETER-__ZL’.‘__. B/Pvc O steeL O OTHER:

SCREEN DIAMETER: 101 ir @rPvC  [] GALVANIZED STEEL (] STAINLESS STEEL (J OPEN ROCK
STATIC WATER LEVEL: _&./5 BOTTOM DEPTH: 13.9

CATUM: [J TOP OF PROTECTIVE CASING WOF WELL CASING O OTHER:

GROUND SURFACE TO DATUM: e X - WATER VOLUME IN WELL: [.29 aal

CONDITION OF WELL: p%-p/, secure - , Aetloned AP ~ot 4/

PUMPING DATA:

METHOD: [ SUBMERSIGLE PUMP [0 FERISTALTIC PUMP (] DIAPHRAGM PumP 0 eanER
O OTHER: ﬁ“"um/‘ frgine PG:MF — T ES?Z Rwn

IS PUMPING EQUIPMENT DEDICATED TO SAMPLE LOCATION ? [ YES (3/6

PUMPING RATE: 2%45 [pain ELAPSED TIME: [3min VOLUME sumpeEs: 2B aals .

WAS WELL EVACUATED ?» (J YES [J NO  WELL VOLUMES PUMPED: 62+ 9

SAMPLING DATA:

METHOD: (] SUBMERSIBLE PUMP (] PERISTALTIC PUMP B PALER Teflom - Dooopnert e
O OTHER: Cach codech o,

IS SAMPLING EQUIPMENT OEDICATED TO SAMPLE LOCATION ? (] YES NG

DEFTH OF SampLe: /7 1= /4 Fee £

CONTAINERS: NUMBER/TYPE: _ V3B - WS- wES —0od

" PHYSICAL 8 CHEMICAL DATA:

APPEARANCE - CLEAR (0 TuReID [J COLOR: K.t [vgké Grow (] CONTAINS SEDIMENT L atte 5ilT
] CONTAINS IMMISCIBLE LIQUID O OTHER:

oDoR. O YES @0

FIELD CETERMINATIONS:

TEMPERATURE: Z22°%c pH 6.6 % SPEC. COND 50O umiso

CTHER:

REMARXS:




s

WATER QUALITY SAMPLING
FIELD DATA SHEET

ot MW = o

WEHRAN ENGINEERING

- CONSLLTING ENGINEERS LQCATION No.:
| LAB SAMPLE No.: S8 -«/S-mw/io - 00g

PROJECT: (/7] S4B BASE, 6oton Conn.  DATE: AALZA Al TiMg: 3585
tll_!ENT: NAVY WEATHER CONDITIONS: Yggnj

) AIR TEMPERATURE : e —25;/:

108 e aRee 2 TYPE OF SAMPLE: [3-GROUND-WATER
ampLer: . ’e'.[%” £ Crofepet . 0 SURFACE -WATER O OTHER

WELL DATA:
ASING DIAMETER —_F+ 0 I pve @/STEEL O OTHER:

-
SCREEN DIAMETER: Unhrew ~n 3 pyC  ([] GALVANIZED STEEL (I STAINLESS STEEU?) [J OPEN ROCK

TATIC WATER LEVEL: £33’ BOTTOM DEPTH: 73
DATUM: {3 TOP OF PROTECTIVE CASING g/‘rop OF WELL CASING [0 OTHER:
ROUND SURFACE TO DATUM: WATER VOLUME IN WELL: gl P !
conoition oF war: Y. Foar - OB;/U with Ao L ;:h‘gf) roed box Qlies ep,
XWMPING DATA:
METHOD: (O SUBMERSIBLE FUMFP (3 PCRISTALTIC PUMP  [J DIAPHRAGM Puwmp BANLER

0 OTHER: '
IS PUMPING EQUIPMENT DEDICATED TO SAMPLE LOCATION ? [J YES E‘r{o ’Dz,%g‘:r;*;:fﬁ_ﬁw‘
UMPING RATE: ¥ ‘5“3“‘0‘4@?" ELAPSED TIME: B i VOLUNE PUNPED (55 ad 5
4AS WELL EVACUATED ? [J YES (F'NO  WELL VOLUMES PUMPED: 3+

AMPLING DATA:

METHOD: {0 SUBMERSIBLE PUMP (] PERISTALTIC PUMP G/BLILER
0 OTHER:

5 SAMPLING EQUIPMENT DEDICATED TO SAMPLE LOCATION 2 [J YES G{o

DEPTH OF SaMpLE: 6 = & feet”

‘ONTAIMERS: NUMSBER/TYPE: fVSE-aw S - mw j]O ~os5 [ [17Fer J/«ss jm - g €

" PHYSICAL & CHEMICAL DATA:
PPEARANCE - (J CLEAR Q/TLHBID comae_&%@@mms seoment dark grmy siff

O CONTAINS MMISCIBLE LIQUID O OTKER:

J00R G/YES Slight  pebwieom oden O ~o

JELD CETERMINATIONS

TEMPERATURE 2% e oH £.94 . spec. cono. (A9 /o empmo
THER: (ﬁ/ﬁ@ct&}

PEMARKS:




4

WERAN ENGINERING

- CONIULING ENGRNEERS

WATER QUALITY SAMPLING
FIELD DATA ,QE,E#ET

LOCATION No.:MZ“#
LAB SAMPLE No.: M8-wS-mw¥-009

PROVECT: _Wdve 5u LASE Grorem Conn . oare . P/(2(5% rive: 7129
:i_ggu‘r: VAV WEATHER CONDITIONS : Sjan_ﬂ;

AR TEMPERATURE : __~¥B°
JOB No: 24362 SF TYPE OF SAMPLE: (@~ GROUND-WATER
SAMPLER: £, 5"“‘&4 /R (roteart . {0 SURFACE -WATER O OTHER
WELL DATA:
SASING OIAMETER: 3¢~ O pvc @§TeEL O OTHER:
SCREEN DIAMETER: _Llakarm O PVC  [] GALVANIZED STEEL @/smm.sss srsa.[,?/c] OPEN ROCK
STATIC WATER LEVEL: 2 8OTTOM DEPTH: v.3
CATUM: (] TOP OF PROTECTIVE CASING Q/TOP OF WELL CASING [ OTHER:

ROUND SURFACE TO DATUM:

WATER VOLUME IN WELL: ~432

CONDITION OF WELL:

%/&’f - M §/‘?é4 . \%/M__@-’M &Ybls ” Qua-d box. 7%.‘7.:_5 =

SUMPING DATA:
METHOD: [0 SUBMERSIBLE FUMP
{0 OTHER:

3 PERISTALTK PUMP (0 OIAPHRAGM PUMP G- BAILEP
IS PUMPING EQUIPMENT DEDICATED TO SAMPLE LOCATION ? (J YES oo
ELAPSED TiME. _~ 3 mins. _ vOLuMe PuMpeD: /-5 9r

AMPING RATE: _7Y 0D 9ols /min

WAS WELL EVACUATED ? (O YES [9(0

WELL VOLUMES PUMPED:

3 7

SAMPLING DATA:

METHOD: ([0 SUBMERSIBLE PUMP
O COTHER:

0O PERISTALTIC PUMP

MLER

S SAMPLING EQUIPMENT DEDICATED TO SAMPLE LOCATION 2

CEPTH OF SANPLE: __ &.0 -8 U
SONTAINERS: NUMBER/ TYPE:

@0

O Y&s

PHYSICAL 8 CHEMICAL DATA:
Q/TURBID

APPEARANCE : (J CLEAR

OOOR - @45

FIELD CETERMINATIONS:

O CONTAINS

TEMPERATURE .

O COLeR:
IMMISCIBLE LIQUID o
Sliah€ hydrocacen, a

7] CONTAINS SEDIMENT: Sz2h G e

QOTHER:

NO

SPEC. co~o‘3?' (?‘?.qqo Sc,diuj_

Ato

STHER:

REMARKS:




APPENDIX D
Chain of Custody Forms



A . T

CHAIN OF CUSTODY RECORD

4 PROJECT : A/AVI-/-ower Submarin@ Kagse Grofon Conn.
CLIENT :_YAVY

JOB No. : D¥340
| SAMPLE IDENTIFICATION:

LOCATION Nea. LAB SAMPLE No. CONTAINERS » NUMBER/ TYPE CONTAINER CONDITION
WEEZI W Arber Seil Jav_— NSB- WEA-5-7 cle -
WEH#] ¥ —ANS8- WE1-13-15 Yy
WE#2X A —~NSB- WEA— 2-4 “
WE#2 " ~NSG- WED~ |2~ 14 “
WEH3. u ~-NSR- WESR—- 7-9 b
WE#3 X -Nsg- WES- 9-]1 "
WE#Z » u ~NSB- WEH = #-9 3
WE < e ~AJSB— WEA—I1I-{3 v
Wres ' ~-N3SB8~ WES — 3F-9 ”
WE#D v - N SR~ WES—11-13 n

~

CHAIN OF CUSTODY CHRONICLE:
COLLECTED BY:

WE B[ — Cotlecred on F[74 [ 3<
NAME: Pavbara EBilewy DATE: _WEH R S-Cotlected on {15 /u

I U E w4y 5 -Colkecteol on F(1e (36
Ll Pl 45

SIGNATURE: <} SEALS PLACED ON CONTAINERS ? [ YES 0O NO
CUSTODY TRANSFERRED TO: < :
NAME: Yohn $ondos DATE: IS8 e 340

SIGNATURE : /4 . MVAJ ARE SEALS INTACT 7 [ YES (. NO M

CUSTOOY TRANSFERRED TO:

NAME: DATE: TIME:
3

SIGNATURE : ARE SEALS INTACT ? O YeES O NO O N/A
RECEIVED IN LABORATORY 8Y-
4| NAME: Donald  Go ave DATE: Z/'é/(ﬂé TIME: S35

7 vy -

SIGNATURE : ﬁa‘wz 2’ /S(»w;ﬁ, ARE SEALS INTACT ? 0O YES (O NO [D/N/A
DISPOSED BY:
5 NAME: DATE:

SIGNATURE :

REFER TO “ WATER QUALITY SAMPLING FIELD DATA SHEET" FOR SPECIFIC SAMPLING DETAILS.

WERE ANY SAMPLES SPLIT WITH ANOTHER PARTY ? 0O YES 0 ~o
IF YES, IDENTIFY

rEVIsES 3/8%



TN

AWEE:
I

ENVIRONMENTAL

» Q Dﬂﬂ mnnv
IR F'E Y

FOR YoRK LmBs_

) , CHAIN OF CUSTODY RECORD

PROJECT : NM\’J_— Lonar Sdvazs  Slade O L-mgs’t.g:,\—,om
- CLIENT V\\r\\lc N\ = o%\;‘\\ C- (Q.*U n (%
_JOB No. : LES00 -
SAMPLE IDENTIFICATION:
LOCATION Ne LAB SAMPLE No. CONTAINERS 1 NUMBER/ TVPE CONTAINER (‘:‘(‘mﬁl?u‘m
7=/ [/ dmps gasd Y WA
B 1) A1dt T gl V1 pend 7/
-1 "/ A
N i-2 i N - E _
My =32 li 1 i ‘) ' [
frii-q I : I |
Mg L i rooc |
ﬁ -/ i I, i IR - \/ 1
FO-2 B T L ' i
7
- CHAIN OF CUSTODY CHRONICLE
COLLECTED BY: ﬂé{aﬂ /'/ZU;@ § TgAv,,a, 6:”"’/’
| NAME : A § ] J. [L CSSEH DATE: &" 4-86
SIGNATURE : /’/14, Q ﬁﬁ e SEALS PLACED ON CONTAINERS ? 0O YES t;ino
CUSTODY TRANSFERRED To‘
,| NAME: WZ%@(] 2= 9 DATE: 8//5 /gf Tve: L2 & H
SIGNATURE : . (&7 ]ciaé?rgn{ymér ? 0O Yes O NO B-N/A
CUSTODY TRANSFERRED TO: =
NAME: DATE : TIME:
3
SIGNATURE : ARE SEALS INTACT ? [ YES [ . NO [O N/A
RECEIVED IN LABORATORY BY:
o| NAME: ?A}T mCC/?ﬁ/Wf s DATE: j 2~ ?é Time: _/ (Z &LIL
? SIGNATURE : ﬁ / W ﬁ\‘ﬂ/ U Sar /LJ ARE SEALS INTACT®? (J YES (J NO @8 N/A
DISPOSED BY: v
r
s NAME: DATE:
SIGNATURE :
REFER TO “ WATER QUALITY SAMPLING FIELD DATA SHEET" FOR SPECIFIC SAMPLING DETAILS.
i WERE ANY SAMPLES SPLIT WITH ANOTHER PARTY ? a ves @ o
: iF YES, IDENTIFY:

REVISED 3/03
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WEHRAN ENGWNEERIN &

an=

'é

=

Jd

CHAIN OF CUSTODY RECORD

~ PROJECT : __¥AVY S48 PASE - Grouwater 5@%
CLIENT NMAVY
" JOB No. o043¢o SF
SAMPLE IDENTIFICATION:
LOCATION Ma LAB SAMPLE Ne. CONTAINERS : NUMBER/ TYPE

CONTAINER CONDITION

| Lider

1/

Ambe »

q{2ss v~

NSB-wWS-wWeY- oo "

—

Good

NS B-WS-WEL 00 7

[ All samples o e

te

MSB-wSs-NEG-003

eaicated sealaied Qo

VS8 -ws -WES-0D Y

u

Flucrresaene €

VSA-NS -F8-005

< 'CCHOICOP‘:E_

VSS- WIS -wE3-00&

g —

VSR WS-WwE3-00Y

NS 8 -1 5~Mwio ol

NSE-WS-MwY-009

CHAIN OF CUSTODY CHRONICLE:
COLLECTED BY:

NAME: /'S;;‘aa.ro. R ley and Reter (roteacie DATE: ? /fc I? L
| ' <

SIGNATURE: W "ﬁf%;, SEALS PLACED ON CONTAINERS ? 9455 m":o\
CUSTODY TRANSFERRED TO:
» NAME: _ oy /(- 9 R DATE : /7 ////Q/( TiME: _ L2/

SIGNATURE : M ARE SEALS INTACT ? [l YES 0O NO EB-N/A
CUSTODY TRANSFERRED TO:

NAME: DATE : TIME:
3

SIGNATURE : ARE SEALS INTACT 7 O YES [ NO O N/A
RECEIVED IN LABORATORY BY:
4| NAME: DATE: TIME:

SIGNATURE : ARE SEALS INTACT ? O YES 0O NO O N/A
DISPOSED BY:

NAME: ’7( Cross mar DATE: 9/&[ /{{4
5 a ‘fr, =

SIGNATURE : "‘k SaS MLl /

WERE ANY SAMPLES SPLIT WITH ANOTHER PARTY 2

a ves

REFER TO " WATER QUALITY SAMPLING FIELD DATA SHEET" FOR SPECIFI¢ SAMPLING DETAILS.
~q NO

IF YES, IDENTIFY

REVISED 3/8




APPENDIX E
York Laboratories Certified Reports



CLIENT

ATTENTION

CERTIFIED REPORT TRANSMITTAL

30870-1515
REPORT NUMBER 30870 5,1

December 12, 1986
DATE

Wehran Engineering
100 Milk Street
MEthuen, MA 01844

_Mr, Richard Messer

The above referenced report is enclosed. Copies of this report and supporting data
will be retained in our files in the event they are required for future reference.

if there are any questions conceming this report, please do not hesitate to contact us.

Any samples submitted to our Laboratory will be retained for a maximum of sixty (60)
days from receipt of this report, uniess other arangements are desired.

Naturally, as in the past, our staff will be pleased to quote on any future requirements
you may have. In addition to the service provided, we also offer the following:

Hazardous Waste Analyses

Product Evaluation/R&D

- Water and Wastewater Analyses

Airand Process Gas Analyses

Industrial Hygiene Surveys

Metallurgical Analyses

Microbiological Analyses

Mass Spectrometry Services

Very Truly Yours,

Rt Q ﬁmﬂ%f mID

Robert Q. Bradley
Vice President




December 12, 1986

30860-1515
WEHRAN ENGINEERING
100 Milk Street
Methuen, Massachusetts 01844

Attention: Mr. Richard Messer
Re: Wehran Project 04360, Navy
PURPOSE

Eight (8) 1liquid samples were submitted to York l.aboratories
Division of YWC, Inc. by Wehran Engineering. The client re-
quested the type of o0il present in each sample be identified
using fluorescence spectroscopy. Additionally sample MH-3 was
analyzed for polychlorinated biphenyls via GC/ECD. The instru-
mentation used was a Perkin-Elmer Model Sigma 3 gas chromato-
graph equipped with an electron capture detector (Nif3),

RESULTS

The results are presented in the following Tables.

Prepared by:

Curran
Manager

Jcc/md

The 1liability of YWC, Inc. is 1limited to the actual dollar
value of this project.

SHCONC - LG Morrce umpike ienree (2onnecticui 0408 - ZU 3 J2t-dass



TABLE 1.0
30860-1515
WEHRAN ENGINEERING
OTL CHARACTERIZATION RESULTS

Sample Identification Result

T-1 Analysis of floating material
indicated spectra typical of a
heavy fuel oil such as #6 oil.

T-2 Analysis of floating material
indicated spectra typical of a
heavy fuel o0il such as #6 oil.

MH-1 Analysis of floating material
indicated spectra typical of a
heavy fuel o0il such as #6 oil.

MW-2 Analysis of floating material
indicated spectra typical of a
heavy fuel o0il such as #6 oil.

MW-3 Analysis of o0il sample indicated

spectra typical of a heavy fuel
0il such as #6 oil.

MH-4 Analysis of o0il sample indicated

spectra typical of a heavy fuel
0il such as #6 oil.

MH-5 Analysis of o0il sample indicated
spectra typical of a mixed heavy
fuel o0il such as a mixture of #5
and #6 oil.

FO-2 Analysis of o0il resulted in spec-

tra typical of a heavy fuel oil
Such as #6 oil.

MO NG G0 MAnce iumnzike  MIcrroe. Connectcut CA468 -1 1351 2414458



TABLE 2.0
30860-1515
WEHRAN ENGINEERING

PCB RESULTS

Sample Identification: MH-3

PCB Type Result, mg/Kg
PCB 1016 <0.50
PCB 1221 <0.50
PCB 1232 <0.50
PCB 1242 <0.50
PCB 1248 <0.50
PCB 1254 <0.50
PCB 1260 <0.50

VML - 230 Menree fumpike s Monroe, Conneciicur codesd <1203 241-34338
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YORK LABORATORIES DIVISION

s

CERTIFIED REPORT TRANSMITTAL

- 1
REPORT NUMBER 30860 , 15?

6
DATE October 24, 198

Wehran Engineering
CLIENT 100 Milk Street
Methuen, MA 01844

ATTENTION Mr. Richard Messer . o

The above referenced report is enclosed. Copies of this report and supporting data
will be retained in our files in the event they are required for future reference.

If there are any questions conceming this report, please do not hesitate to contact us.

Any samples submitted to our Laboratory will be retained for a maximum of sixty (60)
days from receipt of this report, uniess other arangements are desired.

Naturally, as in the past, our staff will be pleased to quote on any future requirements
you may have. In addition to the service provided, we also offer the following:
Hazardous Waste Anatyses
- Product Evaluation/R&D
- Water and Wastewater Analyses
- Airand Process Gas Analyses
- Industrial Hygiene Surveys
Metallurgical Analyses
- Microbiological Analyses
Mass Spectrometry Services

Very,Truly Yours, /

S
Robert Q. Bradley

Vice President




October 24, 1986

30860-1591
WEHRAN ENGINEERING
100 Milk Street
Methuen, Massachusetts 01844

Attention: Mr. Richard Messer

PURPOSE

One sample dated 08/04/86 was submitted to York Laboratories
Division of YWC, Inc. for analysis. The client requested that
the sample be analyzed for "oil fingerprinting" by fluorescence
spectroscopy.

RESULTS

The results are reported below:

Sample Identification Fluorescence Spectra Data
FO-1, 08/04/86 Spectra typical of #2 fuel
oil. .
o/
/s -
Prepared by: ‘i ., a7

Jeffrey C. Curran
Laboratory Manager
/

JCC/md

The 1liability of YWC, Inc. is 1limited to the actual dollar
value of this project.

SWC TIC - J20 Merroe Tumpike » Monroe, Connacicul 06468 + 12031 2461-4458
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YORK LABORATORIES DIVISION —
MAR - & 100+

WERRs ENGINTTRING
METHUEN, pa

CLIENT

ATTENTION

CERTIFIED REPORT TRANSMITTAL
30860-1515 Addendum
REPORTNUMBER
February 27, 1987
DATE . _ e

Wehran Engineering
100 Milk Street
Methuen, MA 01844

Ms. Jennifer Griffith

The above referenced report is enclosed. Copies of this report and supporting data
will be retained in our files in the event they are required for future reference.

if there are any questions conceming this report, please do not hesitate to contact us.

Any samptes submitted to our Laboratory will be retained for a maximum of sixty (60)
days from receipt of this report, unless other arangements are desired.

Naturally, as in the past, our staff will be pleased to quote on any future requirements
you may have. In addition to the service provided, we also offer the following:

- Hazardous Waste Analyses

- Product Evaluation/R&D

- Water and Wastewater Analyses

- Air and Process Gas Analyses

- Industrial Hygiene Surveys

- Metallurgical Anaiyses

- Microbiological Analyses

- Mass Spectrometry Services

zf\; y
Robert Q. Bradley
Vice President

CAS 1S llTMerize Tums s inroe Sorrecncyur T6468 12031 261-4458



February 27, 1987

30860-1515 Addendum

WEHRAN ENGINEERING, INC.
100 Milk Street

Methuen, Massachusetts 01844

Attention: Ms. Jennifer Griffith

PURPOSE

Eight (8) previously submitted samples were examined for hydro-
carbon weathering characteristics using fluorescence spectro-
scopy. The results are discussed below:

RESULTS

Samples T-1, T-2, FO-2 showed spectral similarities suggesting
the oil present may have been from the same source.

Samples MH-1, MH-3 and MH-4 showed spectral similarities sug-
gesting the o0il present may have been from the same source.

Samples MH-2 and MH-5 showed spectral differences from the
others suggesting the oil present in each was from a different
source.

Prepared by: CZ- éé&%&A
J

. Curran
oy Manager

JCC/md

The 1liability of YWC, 1Inc. is 1limited to the actual dollar
value of this project.

YWC. NC.- 200 Monroe Tumpike - Monroe, Conrecticut 06468 - (203) 261-4458
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JAN 22 1987

WEHRAN ENGINEERING
METHUEN, MA

fed =t

CERTIFIED REPORT TRANSMITTAL

REPORT NUMBER

DATE

Wehran Engineering
100 Milk Street
Methuen, MA (01844

Mr. Richard Messer

30860-1515-Addendum

January 21, 1987

The apove referenced repcr is enclosed. Copies of thisreport and suppcring ccta
will peretained in our files in the event they cre required for future reference.

If there are any questions conceming this report, please do not hesitate to contact us.

Any samples submitted to our Laboratory will be retamnea for a maximum of sixty (60)
days from rece!pt of this report, unless cther arangements are desired.

Naturatly, as in the past, our staff will be pleased to quote on any future requirements
you may have. In addition to the service provided, we also offer the foliowing:

Hazardous Waste Analyses
Product Evatuation/R&D

Water and Wastewater Analyses

Air and Process Gas Analyses
Industrial Hygiene Surveys
Metallurgical Anaiyses
Microbiclogical Anatyses
Mass Spectrometry Services

Truly Yours.

¥
Ropert Q. Braciey
Vice Presicent

Ver




January 21, 1986

308680-1515-Addendum
WEHRAN ENGINEERING, INC.
100 Milk Street
Methuen, Massachusetts 01844

Attention: Mr. Richard Messer

PURPOSE

Eight (8) previously submitted samples were examined for hydro-
carbon weathering characteristics using fluorescence spectro-
scopy. The results are discussed in the following paragraphs.

RESULTS AND DISCUSSION

Initially the samples were determined to contain a heavy fuel
0oil such as #6 oil. Sample MH-5 was determined to be a mixture
of #5 and #6 oil. Spectral variations in several of the sam-
ples indicated the source of the o0il present was different than
the sample (F0O-2) used as a standard.

SAMPLES T-1 AND T-2

These two (2) samples were the least weathered of the samples
submitted. Estimated time of weathering is less than one year.

SAMPLES MH-1, MH-2, MH-3 AND MH-4

These samples were the most weathered of the set. Data indi-
cated characteristics of oil weathered for one year or more.

SAMPLE MH-5

As the spectra of this sample was considerably different from
the other samples and standard no weathering characteristics

could be determined from the data.

It is noted that the weathering of these samples appears to be

very slow. It is not possible to determine any more accurate
weathering information without further data.

Prepared by: A/é;,q <?? 6222¢zu,__—-__

y _Cl Curran
toyy Manager

JCC/md

The liability of YWC, Inc. is limited to the actual dollar
value of this project.
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CLIENT

ATTENTION

CERTIFIED REPORT TRANSMITTAL

REPORT NUMBER

DATE

Wehran Engineering/Navy
100 Milk Street
Methuen, MA 01844

Mr.

Richard Messer

30860- 1391

October 24,

1986

The above referenced report is enclosed. Copies of this report and supporting data
will be retained in our files in the event they are required for future reference.

If there are any questions conceming this report, please do not hesitate to contact us.

Any samples submitted to our Laboratory will be retained for a maximum of sixty (60)
days from receipt of this report, unless other arangements are desired.

Naturally, as in the past, our staff will be pleased to quote on any future requirements
you may have. In addition to the service provided, we also offer the following:

- Hazardous Waste Analyses

Product Evaluation/R&D
Water and Wastewater Analyses

- Airand Process Gas Analyses
- Industriat Hygiene Surveys

Metallurgical Analyses

- Microbiological Analyses
- Mass Spectrometry Services

ery Truly Yours,

Robert Q. Bradley

b,

Vice President

Cheed e lUl

PN



October 24, 1986

30860-1391
WEHRAN ENGINEERING/NAVY
100 Milk Street
Methuen, Massachusetts 01844

Attention: Mr. Richard Messer
Wehran Job #04360

PURPOSE

Ten (10) soil samples were submitted to York Laboratories Divi-
sion of YWC, Inc. by Ms. Barbara Riley of Wehran Engineering,
Inc. The client requested that the samples be analyzed for
petroleum hydrocarbon (o0il) fingerprinting by fluorescence
Spectroscopy.

RESULTS

The spectroscopy results are presented in the Table 1.0. In
addition, the samples were also analyzed for typical "weather-
ing" characteristics, in which none of the samples submitted
exhibited any apparent "weathering".

Ny :

Prepared by: -,‘// Lo /’
Jeffieyfc curran
Labo atory Manager

oL

JCC/md

The 1liability of YWC, Inc. is 1limited to the actual dollar
value of this project.



TABLE 1.0
30860-1391
WEHRAN ENGINEERING/NAVY

Sample Identification Fluorescence Spectra Results

NSB-WE1-5-7 Trace concentration levels of
petroleum hydrocarbons
resulted in poor resolution
spectra. No usable data
obtained.

NSB-WE1-13-15 Trace concentration levels of
petroleum hydrocarbons
resulted in poor resolution
spectra. No usable data
obtained.

NSB-WE2-2-4 Trace levels of a heavy fuel
0il (No. 6 fuel o0il) detected.

NSB-WE2-12-14 Trace levels of a heavy fuel
0il (No. 6 fuel o0il) detected.

NSB-WE3-7-9 Low levels of a heavy fuel oil
(No. 68 fuel o0il) detected.

NSB-WE3-9-11 Low levels of a heavy fuel oil
(No. 6 fuel o0il) detected.

NSB-WE4-7-9 Low levels of a heavy fuel oil
(No. 6 fuel o0il) detected.

NSB-WE4-11-13 Trace concentration levels of
petroleum hydrocarbons
resulted in poor resolution
spectra. No usable data
obtained.

NSB-WE5-7~9 Trace concentration levels of
petroleum hydrocarbons
resulted in poor resolution
Spectra. No usable data
obtained.

NSB-WE5-11-13 Trace concentration levels of
petroleum hydrocarbons
resulted in poor resolution
Spectra. No usable data
obtained.

VNCINC 200 Monroe fumcike « Monrce, Connacicut 06468 - 120371 2561-4483
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CERTIFIED REPORT TRANSMITTAL

30860-1772

October 24, 1986

. Wehran Engineering/Navy
CLIENT 100 Milk Street
Methuen, MA 01844

ATTENTION Ms. Barbara Riley

The coove referenced report is enclesed. Copies of this report and supporting data
wiil teretainec i our files N the event they are required for future reference.

if there are any questions conceming *hisrepon. please do not hesitare to contact us.

Anv scmeies suomiftea fo cur Lacoratory wiil oe retained for ¢ maximum of sixty (40)
SCays Temrece:ni of thisreccr. Lniess cher amargements are gasired
Ngruraily. Cs inihe past. our staff wiii be clecsed ro quote on cny future requirements
YOU May have. in aadition 1o the service provided, we aiso offer the foliowing:

Hczaorgous Waste Anaiyses

Procuct evaluation R&D

wcrer ana Wastewater Analyses

Airand Process Gas Analyses

industrial Hygiene Surveys

Meftaliurgicai Anclyses

Microbiclogiccl Analyses

Mass Spectrometry Services

Very Truiy Yours.

Robert Q. Bradle
Vice President



October 24, 1986

30860-1772
WEHRAN ENGINEERING/NAVY
100 Milk Street
Methuen, Massachusetts 01844

Attention: Ms. Barbara Riley
PURPOSE

Nine (9) samples dated 09/10/86 were submitted to York Labora-
tories Division of YWC, Inc. for analysis. The client request-
ed that the samples be analyzed for "oil fingerprinting" by
fluorescence spectroscopy.

RESULTS

The results are presented in Table 1.0.

/ . '
Y p
Prepared by: ! e ;o
Jetfrey C. Curran
Laboratory Manager

Jcc/md

The 1liability of YWC, Inc. is 1limited to the actual dollar
value of this project.



TABLE 1.0
30860-1772

WEHRAN ENGINEERING, INC.

Sample Identification

NSB-WS-WE4-001
NSB-WS-WE1-002
NSB-WS-WE2-003
NSB-WS-WE5-004
NSB-WS-FB-005
NSB;WE3-006
NSB-WS-WE3-007
NSB-WS-MW10-008

NSB-WS-MW4-009

Fluorescence Spectra Data

Spectra typical of a heavy
waste/fuel oil.

Spectra typical of a heavy
waste/fuel oil,.

Spectra typical of a waste
oil.

Spectra typical of a heavy
waste/fuel oil.

No petroleum hydrocarbons
detected.

Spectra typical of #6 fuel
oil.

Results unavailable-sample
lost during processing.

Spectra typical of #6 fuel
oil,.

Spectra typical of #6 fuel
oil.



APPENDIX F

Fluorescence Spectroscopy Analysis Method



OIL SPILL IDENTIFICATION BY FLUORESCENCE SPECTROSCOPY
1. Scope
1.1 The recommended fluorescence method provides a means of fingerprinting
oil by spectral characteristics and thereby matching a waterborne crude or refined

petroleum oil sample to a suspect source oil sample.

1.2 This method can be applied to any neat oil, waterborne oil, or sample of

oil-soaked material whether the sample is weathered (environmentally or artificially)

or unweathered.

2. Summary of Method

The neat, weathered or unweathered, petroleum crude or refined oil sample is
prepared for fluorescence analysis by diluting a known weight of oilin a
low—-actinic glass volumetric flask to volume using spectroquality cyclohexane as the
solvent. It is recommended that the initial oil concentration by 100 ppm by weight.
This is an acceptable working concentration at 254 nm (nanometers) excitation for
all light distillate fuel oils, light crudes, and lubricating oils. For heavy crude oils,
cut or residual number four, five and six fuel oils, the concentration should be
adjusted to 20 ppm by weight through a serial dilution.

The prepared sample is then transferred to a 1 cm square fluorescence—-free
quartz cell using a disposable Pasteur pipet. The fluorescence emission
monochromator is then manually scanned over the emission spectrum of the oil at a
fixed excitation wavelength of 254 nm to locate the major fluorescence emission
response. The major fluorescence peak is then adjusted to 95+2% of full-scale by
adjusting instrument amplifier gain settings. The solution is then replaced with a
fresh solution of the same sample (see NOTE 1) and the fluorescence emission
spectrum of the oil is recorded from 280 nm to 500 nm.

Identification of the waterborne oil sample is made by direct comparison of the
sample's spectrum with the spectra from suspected source samples over the spectral
range from 280 nm to 500 nm.

NOTE 1: The solution is replaced with a fresh solution to prevent the
possibility of errors in the recorded spectrum of the oil through photodecomposition
of the sample by prolonged exposure of the sample to high intensity ultraviolet
light.
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Dear Ms. Griffith:

The article I have enclosed will give you a brief overview of
the "fluorescence" method for hydrocarbon analysis. This is
meant to be a generic response rather than specific to the
methods actually used. The actual procedure used does not
employ the 3-D effect outlined in the article. It is usual for
environmental samples to be more complex than those cited in
the article. With that limitation it is better to use more
traditional fluorescence techniques.

As I had mentioned to you, the methodology has been around for
a while. It is within the last few years that a sufficient
vocabulary of typical signatures or fingerprints of hydrocar-
bons has been developed. Using the available instrumentation
and coupled with the broad range of experience of the analyst,
we feel that the interpretation of the data will be excellent.
Furthermore it is that technique referred to which is now being
reviewed by the USEPA, the D.O.D., the D.O.T. and various state
agencies.

We are confident that the subcontractual arrangement which we
employ is one which will assure you, the client, that the work
has been performed correctly and that the data is the best that
can be available. In addition the analysis is far more effec-
tive on a dollar-for-dollar comparison with more traditional
GLC procedures.

If you have any further questions, feel free to contact Kathy
Scrimenti or me here in our Monroe offices (203/261-4458).

Very truly yours,

Tkt ool

Robert Ueberbacher
Field Representative

RU/md
Enclosure
ce: K., Scrimenti



- SOLVING CRMES WITH

FLYQUR EHCENCE

QPECTROSCODS
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The Santa Barbara channel off the
coast of California is choked with oil
tankers waiting to unload their car-
goes of crude oil for refining. Suddenly
the water becomes fouled with crude
leaking from one of the vesseis. But
which one?

An old car pulls into the driveway of
an expensive home. The driver of the
car commits a burglary in the home
and leaves the scene, but his car leaves
a deposit of motor oil that has leaked
from the crankcase. Can the oil spill
be matched to the oil of the car?

An arsonist is hired by the owner of
a failing business to torch the build-
ing. He shows up at the building in the
middle of the night and tosses a Molo-
tov cocktail, a bottle containing gaso-
line and a cloth wick that is ignited,
through the window. After the fire is
put out, an investigator finds the
broken bottle still containing a smail
amount of gasoline. Did the gasoline
come from a five-gallon can of gasoline
found in the suspect's car?

These incidents have certain as-
pects in common. They occur fre-
quently in the United States today,
and they involve a petroleum-based
hydrocarbon product as a critical
piece of evidence. These cases require
comparisons of a hydrocarbon whose
source is known (such as the crude oil
in the tankers, the engine oil in the
crankcase, and the gasoline in the five-
gallon can) with one whose source is
not known and which is found at the
scene of the incident (the oil slick on
the water, the motor oil spill on the
driveway, and the remains of the
Molotov cocktail). The goal of the
chemical analysis in each case is to de-

termine to a standard of reasonable
scientific certainty whether the known
samples and the scene samples could
have had a common source. The simi-
larities among various types and
brands of hydrocarbon products cre-
ate formidable analytical problems
that may call for unconventional
methodologies.

Present methods of analysis

The conventional methods used to
analyze petroleum products in foren-
sic cases are usually some variation of
gas-liquid chromatography (GLC).
The more volatile products such as
gasoline are usually analyzed by head-
space techniques, perhaps after con-
centration by a purge-and-trap meth-
od. The less voiatile oils and lubri-
cants are solvent extracted and/or
directly injected. Although GLC can
easily determine what type of petrole-
um product is present, i.e., gasoline vs.
motor oil vs. petroleum jelly, it is not
discriminating enough to determine

_reliably what brand or type of a par.

reliably what  a par-
ticular hydrocarbon product is pres-
ent. Thus, GLC cannot, by itself, be
used to determine if two samples

gggllgie_haﬂmmm. Al-
though capillary column GL.C has im-

proved resolution significantly and
uses smaller samples, it still cannot
overcome the fundamental weakness
of this method.

Fluorescence spectroscopy in
hydrocarbon analysis

In recent times, the possibility of
using fluorescence spectroscopy in the
analysis of petroleum products has re-
ceived increased attention. Virtuaily




all of the fuels and lubricants derived
from petroleum exhibit significant flu-
orescence because of the presence of
various types of polynuclear aromatic
hydrocarbons (PAHs). The simple ex-
citation fluorescence spectrum of a
gasoline or motor oil sample contains
three distinct regions of fluorescence
(Figure 1). The relative amounts of
the various PAHs in these products
are instrumental in determining their
particular physical and chemical prop-
erties and would be expected to vary
within the same type of products
made by different manufacturers and
perhaps within different lots from the
same manufacturer.

Th otential exists to use the
fluorescence of a particular sample as

a unique marker f ¢ product.

This, in theory, would make it possible
to determine whether or not two dif-

ferent samples could have had a com-
mon source. To be able to use fluores-

cence as a tool in this type of com-
parative analysis, however, it is
necessary to obtain something more
than the conventional excitation-
emission-synchronous fluorescence
spectra generated from a fluorescence
experiment. These “simple” spectra
reveal the {luorescence of a sample
within only one area and do not pro-
vide nearly enough data to distinguish
between two closely related samples.
This type of fluorescence aillows us to
study only one of the three major
areas of fluorescence of the petroleum
products of interest at a time. For this
reason, we decided to evaluate 3-D
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Figure 1. Excitation fluorescence spectrum of Quaker State Super Blend Motor Oll

The Anclytica!
Approach

]
Jay A. Slegel

Michigan State University
Schoot of Criminai Justice
East Lansing, Mich. 43824-1118

fluorescence to determine if it could
provide enough spectral information
to distinguish between two closely re-
lated samples to the standard of rea-
sonable scientific certainty.

3-D fluorescence

Three-dimensional fluorescence
spectroscopy involves the collection of
data encompassing the total fluores-
cence of a sample. This involves ob-
taining not one, but a whole series of
either excitation or emission spectra
in which the nonscanning monochro-
mator is stepped up by a fixed interval
through a whole range of wavelengths
while the scanning monochromator
scans a f{ixed wavelength range. Or, in
the case of synchronous fluorescence,
a series of spectra is obtained in which
the difference in wavelength between
the two monochromators is increased
systematically. The instrument used
in this study permits the collection of
up to 30 such spectra in a series. The
spectra are stored on a {loppy disk and
then plotted on a Cartesian system
with the wavelengths of the scanning
monochromator, the nonscanning
monochromator (or the wavelength
difference in synchronous fluores-
cence), and the fluorescence intensity
as the x-, y-, and z-axes, respectively.
The plotting program can also piot the
spectra starting with either the high-
est or lowest wavelength of the non-
scanning monochromator (y-axis).
This can generate two plots that view
the fluorescence profile from either
the “front” (Figure 2a) or “back” (Fig-
ure 2b). If 3-D plots are taken of the
excitation, emission, and synchronous
fluorescence, one can obtain a total of
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Invaluable new tool for ail scientists
using computers in their research.
Provides a practical approach to
changes in information management,
product development, and analytical
chemistry. Looks at coupling com-
puters with analytical instruments to
create new analytical techniques. Ex-
amines the future of robotics for rou-
tine lab operations. Deals with the fla-
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of new molecules or products based
on molecuies.
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Flgure 2. (a) Front and (b) back view of the 3-D excitation fluorescence spectrum of

Quaker State Super Biend Motor Qil

six distinct views of the fluorescence
profile.

Gasoline samples

[n certain incendiary fires, some of
the gasoline used to accelerate the fire
may be recovered unburned as in the
case of the Molotov cocktail that is re-
covered partially intact. This consti-
tutes the crime scene evidence. {f a
suspect is apprehended and has in his
possession a container that contains
some gasoline that is suspected to be
the source of the gasoline from the
crime scene, then the technique of 3-D
fluorescence can be used to determine
if the two gasoline samples could have
had a common source.

In such cases the two gasoline sam-
pies to be compared are dissolved in
spectro-grade hexane and diluted to a
final concentration of 25 ppm. All of
the spectra are obtained on a Perkin-
Elmer Model Lambda 5 spectrofluo-
rimeter with a Model 3600 data sta-
tion controlling the generation and
storage of the spectra. Perkin-Elmer’s
PLOT program is used Lo generate the
J-D plots. Prescans are first per-
formed on each sample, and then sim-
ple excitation and emission spectra
are obtained to identify the important
areas of fluorescence and to make a

preliminary determination of the like-
lihood that the two samples could
have had a common source. If the sim-
ple spectra are markedly different at
this point, we can immediately con-
clude that the samples had different
sources. If the spectra are similar then
3-D analysis is performed.

Examination of 3-D spectral plots of
many gasoline samples in our labora-
tory has shown that the 3-D emission
plot is more effective at differentiating
hetween two samples of gasoline than
are the excitation or synchronous exci-
tation plots. Therefore, 3-D emission
plots are obtained for each sample.
The architecture of the disk operating
system and the capacity of the disks
permit storage of three 3-D spectra
stacked plots on one disk. The 3-D
emission plots of the two samples of
gasoline are put on the same disk,
which leaves room on that disk for the
resuitant plot obtained by computer
comparison of the two plots.

Hard copies of the front and back
views of the emission plots are ob-
tained and visually compared to deter-
mine if they are obviously different,
aithough experience dictates that if
the simple emission spectra are very
similar, the stacked plots will be aiso.
Because these stacked plots are quite
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Figure 3. Three-dimensional stacked plots of (a) unknown and (b) known gasollno
samples of different origin and (c) the result of subtracting the two stacked plots

complex, however, visual comparison

may not be sufficient to make a defini-

tive determination. Thus we wrote a

program that would permit computer-

ized comparison of two plots by sub-
tracting one from the other, spectrum
by spectrum, and then prepare a
stacked plot of the resultant spectra.
If the 3-D emission plots of the crime
scene gasoline sample and the sample
of known origin do have a common
source then the resuitant spectra ob-

tained by subtracting one plot from
the other should have essentiaily zero
intensity at any point in the plot. If,
on the other hand, the two samples
being compared have different
sources, then the subtracted plot
should have some regions of net flu-
orescence. This program also accounts
for "negative fluorescence” obtained
from subtraction by adding a factor
equal to the highest negative intensity
to the whole piot.
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samples of common origin and (c) the resuit of subtracting the two stacked pilots

plots, suggests that the two samples
have a common source, which was the
case in this instance.

The results of these examples of 3-D
fluurescence as weil as other experi-
mental work suggest that this tech-
nique has great potential as a test that
allows the analyst to determine, with
reasonable certainty, if two petroleum
product samples in a criminal or civil
case could or could not have had a
common source.

Figures Ja and 3b are the 3-D emis-
sion spectral plots of an unknown
sample of gasoline and a sample of
known origin, respectively. The resui-
tant stacked plot in Figure 3¢ indi-
cates that the samples had different
sources, which is in fact the case. Like-
wise, Figures 4a and 4b are emission
stacked plots of different known and
unknown gasoline samples. The flat-
plane appearance of Figure 4c, the re-
sult of subtracting the two stacked
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YORK LABORATORIES DIVISION

November 13, 1987

Mr. Rich Messer
Wehran Engineering
100 Milk Street
Methuen, MA 01844

Dear Rich:

Attached is a copy of the information you requested from us
on your samples which were analyzed for o0il fingerprinting
by fluorescence spectroscopy.

Your sample NSB-WS-WE3-007 could not be analyzed as the
sanple bottle was broken in transport from York Laboratories
to our subcontractor.

I hope this information will serve your needs. If I can be

of any further assistance please do not hesitate to call me
at (203) 261-4458.

Very truly yours,

57050waaj. O shranskae

Johanna L. Dubauskas
Client Services Representative

JLD/md

Attachment
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