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Ii.,, 

November 30, 1987 

Mr. Robert Kowalczyk 
Code 114 
Naval Facilities Engineering Command 
Building 77-L U.S. Naval Base 
Philadelphia, PA 19112 

RE: Site Investigation 
Naval Submarine Base- New London 
Groton, Connecticut 
Final Report 
Lower SUBASE - Subsurface Oil Contamination 
WE Project No. 04360 

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. 

Project Manager 

RJM/db 

Attachments 

cc: W. Mansfield w/Enc. (2) 
IOa MILK STREET, METHUEN, MA 01844 l (617) 682-1WJ 
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R~~oi-t and the Nautilus Park Leaking Underground Storage Tank 

lr?vE~tiiiatisr P.Epz’t. The Nav\/ requests revised reoorts be sub-:itted 

5~ 2’2 November l?S?. Al0r;g with the revised reFortz, the Navy -zquerts 

L.4ehra1-1 Engineering Droviri_p supporting information tc! dnrrlment t-5 ----.I* 

iessonse to each of the comments. 

Yr . Ronert Kowalczyk, Environmental Engineer, of tht EnvironmeT:al 

Givision at this Command should be contacted at (215) 2??-6436 rf ycu 

h:i\/e any questions. 

T.G. Sheckels 

Heady Restoration Management Sez:ion 

El\/ direction of the Ccmr?ancing I=ficor 

. 



iomments on cne Lower Suoase Subcrurrace Oil tontam1nation Rebort 

lr. Tne titie of the reuort should be changed to remove references to 

the !JACIP (now Installation Restoration (IR)) or-oqram. A suggested 
title is " Site Invesrication of Subsurface Oil Contamination Lower 
7 L--- IO 3uucaz.,r. 

c3 L. Reference to the NACiP program in the Executive Summary, 
Introduction and elsewhere in the report shouid be removed. Tf-, + c __ 
should include any reference in the text to the characterization study. 

Section 2.3 Manhole Sand Cleaning 

3. This section should report observations of conditions in the sand 
manholes, such as if oil was observed on the water surface in tr.e 

manholes in the afternoon. 

Section 2.4 Sampling of Manholes and Utility Trenches 

ir . . This section should include the sampling objectives as outlired in 
Section 2.2.1 of the plan of action 

Section 2.5 Hydrogeoloqic Field Methods 

5. This section should include the data objective for eac;I borir*q as 

outlined in Section 2.3.1 of the plan of action. 

Section 2.5.5 Tidal Fluctuations Measurements 

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

Section 4.1 Manhoies and Trenches 
. 

--). Since fl{Jcrescence spectroscopy is r,ot a standard mernod, the report 

:>cl.i1z contain an appendix with information on the amethac such a5, a 

~escrio~lcn. lrmits of detection, spectrograms and antic:paced 

reorcducibility of resuits. 

Sf3C ‘; i 3n 4.3 Groundwater Cua 1 i ty 

3. Some information reported on Table b requires addiTionai 
; - 1 anat ion - :.:. I . Standaro procedure to ourge well+ p;-i~r- +;o sanlclir; is to 

remove three (3) times the voiume of water in the z~ell. In fcur of the 

*b4 e ils i airge volumes of !"Ja t e r ‘were purged prior to samoiirg. The reoort 

snouid explain the reasons for deviating from the standaT procecure. 

Picc. t!-!e temoerature readings for VJelis LjE-1, &E-2 an0 .~2-4 arl 

” 1 E ‘J a t E c . The reac.ons For the elevatec temperatures r?,cu;d be 
2 ,iJii,ipzc. 



-. i’nere 1s an attemot to exolain the n1an concuctlvltifs 1n the 
arcunrilwater SamDieS. The reoort .al!coes to metai ClJTtrnqs from Zast 
oneratinq and disoosai practices of lubricating or waste oils. The 
F&port should provide specific evidence, if found, that the meta! 
c.dttinqs were contained in the water samoles. The recommendations 
should lnc!ude analysis to determine the reasons of the hiqh 
conductivity values. An analysis to aetermine cnloride content mav be - 
aoprcoriate. 

c dec c. 
biOTl 4.4 Analytical Quality Control 

10. To compietely evaluate the Quality Assurance/ Quality Controi 

:GI?/QC) oroceaures for field samplinq and laboratory anal,jsis t h e 
fo!.lcwinq additional information should be reported in Appendix 0 or E: 

- ‘he dates the samoles were analyzed. 

- The requlatory agencies acceptable holding times and statements 
whether the samp ies were analyzed within the acceptdole holding times. 

- The cnain of custady for sample F.0 1. This sample was collected 
with other oil samples and apparentlv analyzed and the results reoortea 

socarately almost two months before the results of the remaining .oil 
5anple results. 

- An explanation of the loss of sampie NSi3-lWS-WE3-007. 

- The reasonrs) why the fluorescence spectroscopy results were 

reoorted three separate times: Decemcer 12, 1986; January 21, 1997 and 

February 27, 1987. 

Section 6.0 Conclusions and Recommendations 

11. The recommendat ions given for the remedial measure around building 

79 are weak. The Navy agrees excavation and disposal of the 

ccntamination is to expensive. The recommendations to periodical I:{ 

moo-up oil from manholes in not accestabie. The Navy suggests in-situ 
biological treatment method be evaluated as a clean-uo alternatlve. 

The ~e~c-ons to conslier in-sltlu biolnnirai treatment are -y-c- the foi I,::-rinq: 

the relatively permeable nature of the subsurface. the aooarent 

1OcaiiiFcl rsntaminat i on and the heavy waste and fuel oils that were 

identified do not readily miqrate. Some questions that need to be 

answered to determine if in-situ bioloqical treatinen t is abplicab:e 

are: Wh,at 1s the extent of contamination?, and Zan a hydrccarbon 

consumirq organism ce found and orocaqated to tolerate the probable 

Sal ine conaitions ac the site? 



POINT-BY-POTNT RESPONSE TO NAVY'S COMMENT LE'ITER m/9/87 (RECEIVED m/15/87) 
REGARDING WEHRAN'S DRAFT LOWER SUBASE - SUBSURFACE OIL CONTAMINATION 
REPORT S/6/87. 

- 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

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. 

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

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. 

The sampling objectives were added. 

The objectives of each individual boring were added. 

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

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

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-l, 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-l 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 lo-15OC during this 
part of the year. 



- It is not the difference between WE-l, 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. 

9. 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. 

10. 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. 

11. 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 #ll, 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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.I I 

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 6.11, 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 sludge 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) 

2) 

3) 

The concrete utility trench contaminated with a #6 fuel oil that is less 

than one year old. 

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. 

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) 

2) 

3) 

The inspection of the #6 fuel line and the subsequent cleaning of the 

trench. 

Oil mopping of the sludge oil in the manholes and/or excavation of the 

oil laden soils. 

An additional study of the operations and distribution of oil in 

Building29, including further study of the adjacent contaminated 

manholes. 



I .o 1N’I‘KOI)UC’I‘ION 

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 (LAS), 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 

-l- 30-11107-04360 



.I : 

-_ 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 OBJECTTVES 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 

D. 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 



B. Perform five borings with soil sampling, followed by installation 

and development of monitoring wells. 

C. Perform variable head permeability tests 

D. Survey the top of casing elevations on the new and old 

observation wells. 

E. Measure water levels in the observation wells during one full 

cycle of a tidal fluctuation, 

F. Sample groundwater 

G. Remove sand from manholes 

H. 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. 

B. Conduct the laboratory analyses in accordance with site specific 

plan of action. 

Task IV - Draft Verification Report 

A. Brief restatement of IAS findings and conclusion 

B. Description of analytical findings 

C. Evaluation of the contamination discovered. 

D. An assessment of’ the extent and magnitude of the contamination 

including recommendations for further investigations. 

E. 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. 

Area 1) 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) 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. 

2) 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 II. 

3) 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 30-11187-04360 



2.0 SITE INVESTIGATION 

2.1 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 VISUAL INVESTIGATION 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. 
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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 

(19521, 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: 

0 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. 

0 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. 

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 f’ew of the sampling locations ivere 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-l 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-l 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 oil 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 pole 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: 

l 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 artobservation 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. 

l 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. 

l 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 ia 140 pound drive weight falling 30 inches) was 

recorded for each six inch interval. 

Field screening for volatile organic compounds was performed with an HNI~ 

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 HNll 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 cementientonite 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 line 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. 
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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 levelsin a well which 

has been pumped or bailed to the permeability of the saturated unconsolidatid 

deposits 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) 

rg In (hlihz) 
K = ___- ________--_ . ln L 

2L (Q-T1 ) I< 

Where: K = hydraulic conductivit>, ~cm/si 

radius ol‘wcll screen (cm~ 

Icngth of saturakd screen interval (cm) 

radius of sand pack (cm) 

limu interval wrrwp~bnding IO 111 (s(f) 

time interval corresponding to h.~ (s;cc) 

head ratio at ‘I’, (dimcnsionl~~ss~ 

head ratio at ‘I’? (dimcnsi~~nlcss) 

-14- 30-11187-04360 



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. 

1Jsing 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 from 

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:OO) in the morning until four o’clock (16:OO) 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 HYI)KOGEOI,OGICCONI)I'l'IONS . 

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 

sate 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 present in 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-l, 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 

gradientsin 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 ftift. 

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-l to WE-4 the 

horizontal gradient is 0.004 fffft. 

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-l, 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 feetiday 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-l 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 feetiday calculated for these two wells. 
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Table 1 

LOWER SUHASE SUHSUKFACE 011, CON'I‘AMINA'I‘ION 

SUMMARY OF FIELD PERMEABILITY ANALYSIS OF MONITORING WELLS - - - 

Monitoring 
Well Number 

WE-l 

WE-2 

WE-4 

WE-5 100% - FILL 10 8.00 5.51 x 10-3 15 62 

Lithologic 
Description 

Effective* Hydraulic Conductivity 

Length of 
Screen (ft.) Length (ft.) 

80% - FILL 10 7.98 1.24 x 10-3 3.51 
20% - ALLUVIUM 

100% - FILL 10 6.5 9.17 x IO-5 0.26 

80% - FILL 10 6.65 1.90 x 10-3 5.39 
200/o -ALLUVIUM 

* 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: 

Where: 

v = average seepage velocity, ftiday 

k = hydraulic conductivity, ftiday 

hl/h2 = hydraulic gradient, ftift 

8 = porosity 

*Note: Due to the tidal tnfluence in this area, the averag.e seepage velocity is a 

dynamic value chnn,g:n, (r due to the changing hydraulicgradient. 

The average hydraulic conductivity value of the fill and alluvial deposits is 

6.20 f#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 ftift. 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 River is 0.14 ft/day (51.1 ftfyear), 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 fffft, and an 

estimated porosity value of (0.40), thus the average velocity of groundwater flow is 

0.14 ftiday (51.1 ftiyear). 

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 tid,,. 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 IAevel Measurements 

WELL t DATE 

WE-l 9/11/86 

WE-2 9111186 

WE-3 9/11/86 

WE-4 9/11/86 

WE-5 9/11/86 

TIME \ 
DEPTH TO WATER IN ELEVATION OF WATER 

FEET (TOC) TABLE (MSL) 

9:09 6.71 2.74 
9157 6.74 2.71 

11:06 6.72 2.73 
12:oo 6.75 2.70 
13:02 6.75 2.70 
14:04 6.75 2.70 
14:52 6.75 2.70 
16:04 6.73 2.72 

9:06 6.15 2.22 
9:59 6.20 2.17 

lo: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 

9:13 7.20 1.23 
10:03 725 1.18 
11:02 7.25 1.18 
11:56 6.90 1.53 
12:57 6.40 2.03 
13:59 5.97 2.46 
14:58 5.60 2.83 
15155 5.31 3.12 

9:lO 6.15 2.47 
9:55 6.20 2 42 

11:02 6.23 2.39 
11:58 6.25 2.37 
13:oo 6.25 2.37 
14:oo 6.23 2.39 
14:so 6.20 2.42 
16:06 6.18 2.44 

9115 6.20 2.07 
1O:Ol 6.18 2.09 
lo:58 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 2.39 
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TABLE 2 (cont.) -- Water I,eyel Measurements 

YELL # DA TE 
I I 

TIME 
DEPTH TO WATER IN ELEVATION OF WATER 

FEET (TOC) TABLE (MSL) 

MW-4 9/l 1186 9:07 620 2.06 
1O:Ol 6.28 198 
10:57 6.30 196 
11:58 6 20 2.06 
12:55 6.30 2.23 
13:56 6 00 2.26 
14:53 5 90 2.36 
15:56 5 82 2.44 

vlw-10 9/11/86 9:12 6.10 
10:05 6.30 
11:03 6.32 
12:Ol 6.32 
13:Ol 6.17 
14:oo 5.90 
15:Ol 5.52 
16:02 5.20 

PK-1 9/11/86 9:lO 6.30 
10:04 6.40 
11:02 6.50 
12:oo 5.73 
13:oo 5.00 
14:oo 4.46 
15:oo 4.10 

16:00 3.88 

2.22 
1.99 
2.00 
2.00 
2.15 
2.42 
2.80 
3.12 

1.20 
1.13 
1.48 
1.80 
2.53 
3.07 
3.43 
3.66 

PK-2 9/11/86 9:05 6.40 1.30 
lo:oo 6.47 1.23 
10:55 6.28 1.42 
11:55 5.92 1.78 
12:57 5.20 2.70 
13:55 4.66 3.04 
14:50 4.20 I 3.50 
15.55 4.00 I 3.70 
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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-l (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-l 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-l could be observed. 
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4.0 EVAI.LJA'I‘ION Ob'Sl'l'E CON'I'AMINAI'ION 

4.1 MANHOLES AND TRENCHES 

Oil contamination was visually detected in several manholes in the vicinity 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-l, 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. P6 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-l 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 f29. In addition, the #6 oils detected in MH-1, 

3, and 4 appear similar tu each other, whereas the #6 oil in MH-2 showed spectra1 

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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Table 3 ._ 

l.OWb:K SUKASE SUHSUKk’ACE 011, CON’I’AMlNA’I‘lON 
SUMMARY OF OIL FINGERPRINTING ANALYSIS BY FLUORESCENCE SPECTROSCOPY 

OF MANHOLE AND TRENCH SAMPLES 

Location 
Sample 

Identification 
Analytical Results l 

MH-1 MH-1 Spectra typical of a heavy fuel 011 such as #6 011 
Spectra srmrlar to MH-3 and MH-4 
Spectra characteristrc of oil weathered for one year or more 

MH-2 MH-2 Spectra typical of a heavy fuel 011 such as #6 011 
Spectra differences suggesting the otl is from a different source 

than any other samples 
Spectra characterrstrc of 011 weathered for one year or more 

MH-3 MH-3 Spectra typrcal of a heavy fuel oil such as #6 011 
Spectra similar to MH-1 and MH-4 
Spectra characterlstrc of oil weathered for one year or more 

MH-4 MH-4 Spectra typical of a heavy fuel 011 such as #6 oil 
Spectra similar to MH-1 and MH-3 
Spectra characteristrc of oil weathered for one year or more 

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

Spectra differences suggesting the 011 is from a different source 
than any other sample 

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

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

FO- 1 FO- 1 Spectra typical of #2 fuel oil 
Spectra was not similar to any other samples 

(Standard from Power Plant) 

FO-2 FO-2 Spectra typrcal of #6 fuel 011 
Spectra similar 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 bIH-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 

integrity. 

is entering manholes with poor structural 

Oil contamination was not found in the utility trench trending northeast to 

southwest between T-l 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 linger 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 

BORING/ GROUND SAMPLE HNu 2 

MONITORING SAMPLE ELEVATION DEPTH (ft. ELEVAT/ON SAMPLE ’ SCREENING 
WELL NUMBER IDENTIFICATION (MN below grade) (MN CONDITION fwm) REMARKS 3.4 

WE-1 NSB-WE l-5-7 9.45 5.0 to 7.0 7.45 to 2.45 U 0.2 coarse to fine sand 

WE-1 NSB-WEl-13-15 9.45 13.oto 15.0 -3.55 to -5 55 5 02 fine sand and silt 

WE-2 NSB-WE2-2-4 8.37 2.oto4 0 6.37 to 4.37 U 3.0 medium to fine sand 

WE-2 NSB-WEZ- 12- 14 8 37 12.Oto 14 0 -3.67 to -5 67 5 3.0 medrum to fine sand 

WE-3 NSB-WE3-7-9 8 43 7.0to9 0 1 43 to -0 57 5 40 thick only in gravel appearance 
and coarse to fine sand 

WE-3 NSB-WE3-9- 11 8.43 9.0 to 11.0 -0 57 to -2 57 5 40 thick oil In coarse appearance 
to fine sand 

WE-4 NSB-WE4-7-9 8.62 7 0 to 9.0 162to-0 38 5 0.2 medium to fine sand , 
I 

WE-4 NSB-WE4- 1 l- 13 8.62 11.oto 13.0 -2.38 to -4.38 5 0.2 silt 

WE-5 NSB-WE-5-7-9 8.27 7.0 to 9.0 1.27 to -0.73 S 04 coarse to fine sand 

WE-5 NSB-WE5- 1 l- 13 8.27 11.Oto 13.0 -2.73 to -4.73 5 02 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 
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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 soiis. 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 HNII 

photoionization detector from the soil headspace of samples collected from WE-l. 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 HNII 

readings. 

Borings WE-2 and WE-3 were drilled in areas suspected to be on the periphery 

of the oil 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 HNll readings (1.0 to 20.0 

ppm) in the soils in WE-2, no oil staining was observed by the field geologist. The 

high HNII 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 

l,OWEK SUHASE SUBSURFACE OIL CON’I’AMINA’I’ION 

SUMMARY OF OIL FINGERPRINTING ANALYSIS 

BY FLUORESCENCE SPECTROSCOPY OF SOIL SAMPLES 

Location 
Sample 

Identification 
Analytical Results 

WE- 1 NSB-WEl-5-7 Trace levels of petroleum hydrocarbons resulted in poor 
resolutron spectra. No usable data obtained 

WE-1 NSB-WEl-13-15 Trace levels of petroleum hydrocarbons resulted In poor 
resolutron spectra. No usable data obtained. 

WE-2 
I 

NSB-WEZ-2-4 
I 

Trace levels of a heavy fuel 011 (No. 6 fuel 011) detected 

WE-2 

WE-3 

WE-3 

NSB-WEZ-12-14 

NSB-WE3-7-9 

NSB-WE3-9-1 1 

Trace levels of a heavy fuel 011 (No. 6 fuel oil) detected. 

Low levels of a heavy fuel oil (No. 6 fuel oil) detected. 

Low levels of a heavy fuel oil (No. 6 fuel oil) detected. 

WE-4 NSB-WE4-7-9 
I 

Low levels of a heavy fuel oil (No. 6 fuel oil) detected. 

WE-4 NSB-WE4- 1 l- 13 

WE-5 NSB-WE57-9 

Trace levels of petroleum hydrocarbons resulted in poor 
resolutron spectra. No usable data obtarned. 

Trace levels of petroleum hydrocarbons resulted tn poor 
resolutron spectra. No usable data obtained. 

WE-5 

I 

NSB-WE5- 1 l- 13 

I 

Trace levels of petroleum hydrocarbons resulted in poor 
resolution spectra. No usable data obtained. 
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-- 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 HNI[ soil headspace readings of 4.0 

PPm* The oil appeared to be migrating through a very coarse gravel layer. A 

potential source area 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 g/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 riil contamination zone. D.uring our investigation, 

no oil constituents were observeo 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 concentrations 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 oi 1 contamination. 

3.3 GROUNDWATER QUALITY 

Groundwater samples were collected from seven (71 monitoring wells (WE-l, 

WE-2, WE-3, WE-A, 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 spectroscopy. 

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. ILIW--I 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-l, 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 

- 

IdOWbZK SUHASE SUHSlJKk’ACE 011, CON’I’AMINA’I‘ION 
SUMMARY OF GROUNDWATER SAMPLING DATA* 

Monitoring Well Numbers 

I WE- 1 MW-4 I MW-70 
I 

Date 

Time 

Weather 

911 O/86 09/10186 9/ 10/86 911 O/86 911 O/86 9/l O/86 911 O/86 

11:30am 12:35pm 3:33pm 10:45am 4.20pm 1:ZOpm 3:55pm 

Sunny Sunny Sunny Sunny Sunny Sunny Sunny 
-80°F -80°F -80°F -80°F -75°F -80°F -75°F 

Sample 
Identification 

NSB-WS- NSB-WS- Duplicate NSB-WS- NSB-WS- NSB-WS- NSB-WS- 
WE l-002 WEZ-003 NSB-WS- WE4-001 WES-004 MW4-009 MW 1 O-008 

WE3-006 

NSB-SW- 
WE3-007 

Water Level 
Depth (TOC) 

6.70' 6 20' 5 40’ 6.02’ 6.15’ 2.46’ 5.30’ 

Water Level 
Elevation (MSL) 

2 75' 2.17' 3 03' 2.60' 2.12' 5.80' 3.02' 

Well Volumes 16 pumped 14 13 62 3 3 
Pumped Prior to well dry 
Sampling twice 

PH 6.50 7.12 6 59 6.50 6.68 7 10 696 

Specific 518 1,688 >20,000 502 500 6,370 11,910 

Conductance 
(umhos) I I I I I I I 

Water 
~ Temperature 
‘(,)** 
I 
~ Water 
Appearance 

35 31 ' 24 32 22 22 21 

clear to clear to clear to clear to clear to dark gray, dark gray, 
very slightly very very very silty silty 

slightly silty slrghtly slightly slightly 

silty silty silty silty 

* Chemical analysts consisted of Oil finger Printing Analysis by fluorescence Spectroscopy 
** The very warm water temperatures of wells WE-l, WE-2, and WE-4, and the elevated water 

temperatures of wells WE-3, WE-S, MW-4, and MW-10 seem to reflect a problem with the thermometer 
The first three wells WE-4, WE-l, 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 1 O-l 5°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 1abor;ttory analysis to be the most contaminated with f6 fuel oil. 

IIuring periods of high tide, grou:1;1w:lter 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-l to be affected by the source areas that under normal conditions 

would be considered downgradient. 
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Table 7 -- 
1,OWEK SUKASE SUHSUlil+‘AC)1: 011.CON’I‘AMlNA’l’ION 

SUMMARY OF OIL FINGERPRINTING ANALYSIS 

BY FLUORESCENCE SPECTROSCOPY OF GROUNDWATER SAMPLES 

LOCATION 

WE-4 

WE-l 

WE-2 

WE-5 

Freld Blank 

WE-3 

WE-3 

MW-10 

MW-4 

SAMPLE 
IDENTIFICATION 

RESULTS 

NSB-WS-WE4-001 I Spectra typical of a heavy waste/fuel oil. I 

NSB-WS-WE l-002 Spectra typrcal of a heavy waste/fuel oil. 

NSB-WS-WEZ-003 Spectra typical of a waste oil. 

NSB-WS-WE5004 Spectra typical of a heavy waste/fuel oil. 

NSB-WE-FB-005 I No petroleum hydrocarbons detected. I 

NSB-WE3-006 

NSB-WS-WE3-007 

Spectra typical of #6 fuel oil. 

Results unavarlable-sample lost during processing. 

NSB-WS-MW 1 O-008 
I 

Spectra typrcal of #6 fuel oil 

NSB-WE-MW4-009 Spectra typical of #6 fuel oil. 
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4.4 ANALYTICAL QUALITY CONTROL -- 

The analytical quality control program for thi-s 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: 

0 All bottles used in the field were supplied by the contract laboratory 

pre-cleaned and labeled for the specific needs of this project. 

l Samples were acquired in succession from the least suspected 

contaminated to the most contaminated sample location. 

l 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. 

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

l 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.O.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. 

0 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.O.C. elevations) of the new 

and old wells was undertaken. Lmpling 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-l 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-l 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-l, T-2, FO-2 showed 

spectral similarities suggesting the oil 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&H-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-l, 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, NW-4 and MW-10. 

The results of the level run from measuring the top of casing elevations are 

WE-l (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). >IW-6 (8.68), MW8 (7.81). MW-10 (8.32): MW-11 (8.79). PK-1 (7.53), PK-2 

(7.701, and PK-3 (7.69). 

The results of the permeability testing conducted on the four wells are WE-1 

(3.51 fuday), WE-2 (0.26 ftiday), WE-4 (5.39 ftday) and WE-5 (15.62 ftiday). 

The results of the tidal fluctuation measurements taken at one hour intervals 

follows: The we!1 location is presented followed by the hourly water elevations (in 

feet above mean sea level). 

WE-l: 2.74, 2.71,2.73,2.70,2.70,2.70,2.70,2.72 

m-2: 2.22, 2.17,2.12,2.12,2.17,2.27,2.47,2.57 

WE-3: 1.23, 1.18,1.18,1.53,2.03,2.46,2.83,3,12 

WE-4: 2.47,2.42,2.39,2.37,2.37,2.39,2.42,2.44 

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 

MW10: 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 CONCI,USIONSANI)K~COMMENl)A'l'lONS 

The objective of this investigation was to identify and delineate the sources of 

heavy oil contamination found in LIIC 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 contaminated areas were located (refer to Figure 6.1); 

1) 

2) 

3) 

The utility trench, starting from Building #85 and going north past 

Building #78. 

The manholes and soils north and west of Building #79 

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 
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previous inventory practices. From this study the following conclusions were 

determined: 1) according to available information a #6 fuel line does not exist 

within area 2, 2) the heavy #6 fuel was found in a variety of manholes with no 

pattern or logical distribution, 3) the f6 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 appesr LU be associated with salt water intrusion from 

the tid;llly influenced Thame:, Itiver. IThis can be confirtned in the field using a Cole 

l’almer Model 1481-50 conduutivir>, s:llinity meter.! 

Wehran’s recommendation lot- 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) 

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 

K = Hydraulic conductivity 
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TEST BORING LOG 

30RING NO. \‘E- 1 

WEHWN ENGlNEEfWJG _ 
CONSULTING ENGINEERS 

‘AOJECT : 

:LIENT : 

?lavv Suhmarlne Base (lower section). Groton. (3T 

Navv 

SHEET NO. I OF 1 

JOB NO. 04360 

ELEVATION 9.45 ?lSL 

)ATE STARTED 7!1J/86 

IATE FINISHED 7:l.l/86 

)RILLER llike St. John 

NSPECTOR Rarhara Rilev 

kill Rip - ?lobile B.53 

30RING CONTRACTOR : New England Boring 

;ROUND WATER n 1 CAS. 1 SAMI? 1 CORE 1 TUBE I, 1 I I I 

)ATE 1 TIME 1 WATER ELEV. SCREEN INT. 11 TYPE 1 Augere ss ! 

;‘I4186 Initial 6-7’ below grade 1 S-5’ below grade 11 DIA. 1 4” [D ?” OD 

7.02’ I 11 WT. 1 

FALL 

I140 Ihs 1 I 

3n” 

- 

s-1 

- 

;-2 

- 

3-3 

- 

-4; 

- 
-41 - 

S-j 

- 

- 

SAMPLE 
” 

fPE 
BLOWS PER 

6 INCHES 

CLASSIFICATION REMARKS 

I-. 

L 

3.5’ 

DRY 
-FILL- 

Dark brown. medium to fine S.ANn. little Gravel. 
trace Macadam. 

_______-------- __--------------- 
Loose brown coarse to fine SAND. little sub- 
angular Gravel. trace Silt 

5.0' 

r 1.02’ Water Table 

\VET 

0.2 

ss 2 
WI 2 .> 

0.2 

,‘-?I 0.2 

k-l 
0.2 

0.2 

ss 3 
:I 

1 . 
3 12.5’ 

Some organics 

Soft, dark brown fine SAND. some Silt. 

-END OF BORING AT 15.0 ’ 
15.C’ 

* Background = 0.2 ppm 

K = Hvdraulic Conductivity = 3.46 ft/day 

Bottom of well - 
aC i5.0' 

-2 



WEHRAN ENGINEERING 
CONSWING ENGINEERS 

PROJECT : .\:avv Submartne Base (lower sectton). Groton. CT 

CLIENT : Navy IJ 

BORING CONTRACTOR 1 yew England Boring 

WELL 
ZONST~CTION 3 

Bottom of well - 
at 12.1’ -I 

j-1 

-2 

-3 

-4 

-5.4 

-5E - 

-6 

i-71 
-7E 
- 

CLASSIFICATION 

2 - TOPSOIL- 
SS '1 Medrum dense, c,ark brown '.'ery flr,e 

P iT .,<D -3 , some Citl, i:rtio rcur.c:ed 
gravel, trace Roots. 

- Ii -r - 
. Loose. brown medium to fine SAND. little Silt am 

3 
ss _ 

rounded Gravel. 

1 
--------_----------------~-~~~-~ 
Very Loose. brown coarse to fine SAND. little 
rounded Gravel, trace Silt. 

Loose brown coarse to fine SAND. little 
subangular Gravel. trace Silt _------_---_-------------------- 

Loose. brown. medium to fine S.AND. some Silt. 

.I 
1 

ss I -.4LLuvmb 
ss 4 

Vaenr;kz+e. dark grayish brown very fine SAND 

END OF BORING AT 14.0’ 

ANALYTICAL SAMPLES COLLECTED 

Number Analysis Type 

NSB-WE2- Flouresence Soil 
2-4 Spectroscopy 

. . 

WE #2 NSB-WEZ- Flouresence Soil 
12.0’-14.0’ 12-14 Spectroscopy 

B 
K= Hydraulic Conductivity = 0.59 ft/dav 

1 

i 

E 
S 

t-EST BORING LOG I 

ATE STARTED 7 ‘1 j/99 

IATE FINISHED :~,3/99 

‘RtLLER ‘like St. John 

NSFECTOR Barbara Rilev 

rill Rig - Ilobile B.53 

REMARKS , HNU *I 

DRY I 3.0 

DRY 

t 

4.0 

6.5’ Ib’ater Table 
WET 

‘oar Recovery 

-Gravel lense 

8.0’ 

2.5 
I- 

1.0 

-Ii 13.0’ 3.0 
2.0 

some organic5 

* Background = 0.2 ppm 



,I I 

VVEHRAN ENGINEERING 
CONSWING ENGINEERS 

‘ROJECT : Navv Submarine Base (lower section). Proton. CT 

TEST BORING LOG 

30RING NO. :yE *3 

iHEET NO. I OF 1 

I08 NO. 0436O 

:LEVATfON 8.43 ‘:SL 

)ATE STARTED 7 11/86 

IATE FINISHED 7 I iis6 

)RILLER Ifike St. John 

NSPECTOR Barbara Rilev 

brill Rig - ?lobile R33 

:LIENT : Navv 

gORING CONTRACTOR : hew England Borinq 

SROUND WATER 
v 

CAS. SAW? CORE TUBE 

IATE 1 TIME 1 WATER ELEV. SCREEN I NT. TYPE 1 .Iugere SS I 

iI 5186 Initial 6.0’ below grade 13.0’-3.0’ below DIA. 4” in 2” OD 

grade WT. 140 lbs 

FALL 3n” 
I n 

- 
IO. 
- 

- 

:-1 

- 

-2 

-3 

i-4 

SAMPLE II 

:ONS 

m 

T ~~ , dark broun rlz-~e SAND, 

11 6 
El 

12 9 
17 

0 
Ml 1 

-----_-_----_------_____________ 
lledium dense. dark brown and black fine 
GR.\\EL. Jome coarse to fine Sand. trace Silt. 

--_---_-------__----___________ 

Dense brown coarse to fine SAND and GRAVEL. 
trace Silt. 

Dense brown. coarse to fine SAND. little fine sub 
angular to rounded Gravel. trace Silt. 

‘NU* 
q-cl) 

REMARKS 

I.5 
Iugered thru first half 
oot of oavement 

IRY 0.2 

go recovery 

i.0' - Water Table 
VET 
Vo recovery 
7.0’ 
Mck oily appearance 
l’-9’. 
.Brlck fraqmenzs- 

1.0’ 

4.0 

4.0 

No oily appearance 1.0 

END OF BORING AT 13.0’ Bottom of well - 
3t 13.0’ 

-I! 

l Backqrounti = 0.2 ppm 

II 

ANALYTICAL SAMPLES COLLECTED 

- Well/Depth Number Analvsis Tvpe 
w #3 
7.k9.0’ 

NSB-\L‘E 3- Fl ouresence So11 
7-9 %x=CtcoScOpV 

WE #3 NSB-WE 3- Flouresence Soil 
9.0’-11 .O’ 9-l 1 Soectroscopy 

1 

R 
I 
I 



-FILL- 

BORING NO. I’E #4 

CLASSIFICATION 

Very dense black macadam and angular GRAVEL. 

----------_------------------- 
very dense gray angular GRAVEL. 

--------_-_---____------------- 

6.35’ liater Table 

Loose brown, medium to fine SAND. some Silt. 

\lerv soft dark brown SILT. little fine Sand. 

uctivity = 5.67 ft/day 



WEHRAN ENGINEERING 
Cc)fdSULTlNG ENGINEERS 

?OJECT : Yavy Submarine flase ilower bertion). Groton. c‘T 

,IENT : ‘Javv 

r - 
, 
/ 

- 
\ 
/ 

: 
1/ 

- i - 

. s-1.4 ss ‘9 Dense. black macadam 
18 

I 
.- S-1B SS I” , -FILL- 

ottom of well - 
i-- 14 I . 0’ -15 

TEST BORING LOG 

30RING NO, :.E *.F, 
iHEET NO. I GF 1 

IO8 NO. ,,.,3R,, 

ELEVATION R.27 .ysI, 

)ATE STARTED - !6/8,j 

IATE FINISHED ‘: yg,86 

)R’LLER Ilike St. .John 

NSPECTOR Barbara Rilev 

Ml1 Rig - qlobile Bi3 

L 
Loose brown coarse to fine SAND. some rounded 
Gravel. trace Silt. 

Loose brown. coarse to fine SAND. borne Silt. 

K = Ilydraulic Conductivity = 19.19 ft/day 

REtWARdS 

.4ugered thru black 
macadam to 1.0’ 

2.0' 

I 5. 
DRY 

.O' 

- .5 

\ 

.j’- Water Table 

VET 

Lurered to L 4.0 ’ 

* Backqrcund = 0.2 ppm 



APPENDIX B 
Permeability Calculations 



1 VARIABLE HEAD 

FERMEkBlLiTY TEST 

I 
COI’JSULT~ ENGINEERS 

PIEZOMETER No. WE # 1 

1 PROJECT: Navy - Lower Sub Base, Groton, CT 
CLIENT: Navy 
JOB NO: 04360SF 
DATE OF TEST: g/10/86 
SCREENED INTERVAL: 

I - 
Screen interval is from 15.0 to 5.0 feet 
below the top of PVC casing. 

METHOD: 
Rising head test 

I 
r2 In (hl/h2) .ln L 

K= 2L k,-t,) - R 

I Hvorslev (1951) 

I--- 

0.9 -- 
0.8 ._ 

0.7-- 

0.6 _ 

0.5 ~- 

0.3 . 

CAI 

TEST DATA 
ELAPSED TIME 

(set) 

0 
15 
30 
45 
60 
79 
90 

105 
120 
135 
150 
165 
180 
195 
210 

HEAD RATIO 
(h+ / h,) 

1.0 
.72 
:28 45 

:12 18 

.ll 

.08 

.05 

.04 

.03 

.02 

.02 

.02 
-02 

ELAPSED TIME 

XULATIONS: 

I r = 254 cm 2 

R = 5.08 cm (2.54 cm) 

I 
L = 266 K= In (0.72/0.113.1n 253 cm 

tl= 15 set 2 (253) (90 - 15) 5.08 cm 

t2= = 

90 (.0003194) (3.9) = .00124 cm/set 

I = hl 0.72 1.24 x 10 -3 cm/set 

I h2 = 0.11 
= 3.51 feet/day 



w 
WEHRAN E- 
coMulllNG ENGINEERS 

VARIABLE HEAD 

FERMEABICITY TEST 

PIEZOMETER No. WE #2 

t PROJECT: Navy - Lower Sub Base , Proton, C'I' 
CLIENT: Na17v 

JOB NO: 04360SF 
DATE OF TEST: 9/&O/86 
SCREENED INTERVAL: 

I Screen interval is from 12.1 to 2.1 feet 
below the top of PVC casing. 

METHOD: 
Rising head test 

I r2 In (hl/h2) .ln L 
K= 

I 

2L (t2 - tl) R 

Hvorslev (1951) 

0.9-- 
0.8-d 

0.7.- 

0.6 .- 

(set) 

0 
15 
30 
45 
60 
75 
90 

150 
210 
330 
510 
630 
690 

TEST 
ELAPSED TIME 

L 

DATA _ 
HEAD RATIO 

(h, / ho) 

1.00 
98 

:96 
.95 
.93 
.92 
.90 
.83 
.77 
.66 
. 51 
.42 
.38 

ELAPSED TIME 

CALCULATIONS: 
r = 2.54 cm 

(2.54 cm) ' In (0.66/0.51) .ln 179.83 
R = 5.09 cm K= 
L 2 = 179.83 (179.83) (510 - 330) 5.08 cm 

? = 330 (.0000257) (3.57) = .0000917 cm/set 

t2 
= 510 = 9.17 x 10B5 cm/set 

hl = 0.66 = 0.26 feet/day 



DJJR WEHRAN EWMEf?NG 

- CONSULTING ENGINEERS 

PROJECT: Navy - Lower Sub Base, Groton, CT 
CLIENT: Navv 

VARIABLE HEAD 
i;Er-gEA~,ii-i’, 

TEST 

PIEZOMETER No. WE #4 

I DATA TEST 
ELAPSED TIME 

(set) 

HEAD RATIO 
(h, / h,) JOB NO: 1 04360SF 

DATE OF TEST: g/10/86 
SCREENED INTERVAL: 

Screen interval is from 13.3' to 3.3' below 
the top of PVC casing. 

METHOD: Rising head test 
2 

r 
K= 

In (hl/h2) .ln L 

2L tt, - t,) R 

I Hvorslev (1951) 

I- 
CA i 

0 
15 
30 
45 
60 
75 

105 
115 
175 

1.00 
.52 

30 
:18 
.13 
.09 
.07 
.07 
.07 

. . 

? ? = 15 set = 15 set (.0005141) (3.7) = (.0005141) (3.7) = .0019021 cm,/sec .0019021 cm,/sec 

I I 
t2 t2 = 45 set = 45 set = 1.9021 x iom3 cm/=c = 1.9021 x iom3 cm/=c 

hl hl = 0.52 = 0.52 '= 5.39 feet/day '= 5.39 feet/day 

h2 = 0.18 

I 
h2 = 0.18 

I 

I r = 2.54 cm (2.54 cm) 2 In (0.52/0.18) . In 221.89 cm 

R = 5.08 cm K= 

2 (221.89 cm) (45-15 set) 5.08 CIT 

I 
L = 168.2 cm 



I .I 

I w WEHIUN ENGbW?NG VARIABLE HEAD 

v= CohlsuLTlNG ENGINEERS 
PERMEABILITY TEST I 

PIEZOMETER No. WE #5 
PROJECT: Navy - Lower Sub Base, Groton, CT 

-CLIENT: 
TEST DATA 

Navy ELAPSED TIME HEAD RATIO 
.a- ..- 4 

, Jut! NV: 04360SF 
i DATE OF TEST: 

I (set) I I (h+ / $1 1 

g/10/86 
1. 

SCREENED INTERVAL: 0 1.00 
I Screen interval is from 13.9' to 3.9' below 15 35 - 

the top of PVC casing. 
3. :06 
45 . 00 

METHOD: Rising head test 
2 

r 
K= 

In (hl/h2) .ln L 

I 2L tt, - t,) R 

I 
Hvorslev (1951) 

1 
0.9: 
0.8. 

0.7. 

0.6 

0.5 

0.4 

I ELAPSED TIME 
CALCULATIONS : 

I 
r = 2.54 cm (2.54 cm)' In (1.0/0.35) . In (236 cm) 
R = 5.08 cm K= 

L = 236 2 (236 dm) (10 set) 5.08 cm 

0.1 

I tl = 5 set 

’ t2 = 15 set (.001435) (3.84) = .0055102 cm/set 
I 

hl = .58 
= 5.51 x 10 -3 cm/set 

h2 = 0.35 = 15.62 feet/day 



APPENDIX C 
Water Quality Sampling Field Data Sheets 



wEHaNs FI ELG GATA SHEET 

CCMUU?G@GMB?S LfmiTlON No.: lxr =+ 1 

I ‘JB WAPLE No.: K/56-US-wE I .-oos 1 

I 
m 

i 

PROJECT : /v#lvy ScrQ &4 5& .Grof? &ml. D4fE: 
9 IlO /SL TIME: If:30 -- 

I 

CLIENT : 

JO8 No: 

l 

WEAlHlt’R tXtiDITh%S: 
JLlnn Lj 

/WV/)/ 
AIR TEMPERATURE : m 80°F 

oc1360 $r= ’ 
TYPE Of SWPLE: d GROUND-WATER 

WELL GATA : 
CASING CIAMETER : 2 iA w& 0 STEEL 0 OT;iER- -- 

SCFEEf( DIAMETER: * o1 in Fi%vc (-J GALVANIZED STEEL 0 STAINLESS STEEL 0 CPEN ROCK 

STATiC WATER LE’JEL: &.7- l 

CCTUM : fJ TOP CF PROTECTIVE CSSING 

- BOTTOhI DEPTH : - IS,05 I 

TOP OF WELL CASING 0 OTHER: 

GRCUeiD SIBFACE TO DATUM: . 
q-y ( 

WATER VOLUME I)i WEl.i: in3 4 

coH0lT!oN of WELL. 

SAMPLING GATA : 
METHtD: 0 S~J@UERSIBLE PUMP 0 PERISTALTIC PUMP 

CDOR 0 YES Ii36 

FiEL!J CETERMINATIONS. 

TEUPEWTURE 75OG pH : 4.5 SPEC. CCNO S’ g km&, 
I , . 

2’4E.q: I . 

REklMXS: 



, 

I 

-w 
mm! 

FIELD DATA SHEET 
wtc-ea 

” cm- UXAT ION No. : 

~ LAB SAMPLE Ha. : ICISR-ws-u&a-00 3 

I n 
q/o /Sb TiWE:&! 35 

PROJECT: _-.&‘~y rqfld pje- &v+vu GM. DATE- 

WEATHER CfBDITtONS: 5 u-ny I 

‘#ATE9 r3UAI .ITY SAMPLiNG ! 

AIR TEMPERATURE : N BOO/;= 

TYPE OF SAMPLE: 5 GR’JUWD-WATER I 

0 SH?FACE -WATER a CYHER 

:ASi)iG D’AMETER 2: h cl STEEL 0 OTHER. 

SCREEN G!A#ETER: ,o/r’4 0 GALVANIZED STEEL 0 STAINLESS ST5 c] PEN ROCK 

FlELD CETERMINAT!OHS’ 

TEMPERATURE. 3iL pi4 : a-/+ SPEC. CSNO- 16tp c4-h 

. 
2THE.S: 

/ 



, 

1 

WU’ER QUALITY SAMPLING I 
Fl EL0 DATA SHEET 

u2CAT ION No. : M.6 ?+= 7 

SE sMPI,E No. : 

a OTHER 

WELL DATA ; 
AS;rdG GIAMETER 1 ain e/ PVC 0 STEEL 0 OTHER. 

SCREEN 2~AMETER: of r4 G/ PVC 0 GALVANIZED STEEL 0 STAiNLESS STEEL c l:PEN ROCK 

TATK WATE3 LE’dEL : &.02 -, BOTTOM DEPTH. 13.3 1 

zf!.jrzj: I-J TOP CC F?9TECfNE CASlKi d TOP CF WELL CASNG 0 OTHER: 

SOUND SibiFME To DATUM: ‘WATER VOLUME iN WELL I.16 8’ q-dlmr 5 

CoPlClTlCN C6 WE% /doeAl ~ b+fa Gdus&d? q&/g& CUB- 9 (OfPI I sccurc 

AS YELL EVACUATE3 7 . [3YEs GAO WEU VCLUMES PUMPED: 13 -I- 

;ft~,dfqJ?~;i DATA: 
..,ETHCO: 0 SUeMERSlELE PVMP 0 PERlSTALfiC PUMP 

TEMPERATURE 6. so 

. 
iTtiE!?: 



.I 

, 

WATER QUALITY SAMP!.MN 
FIELD DATA SHEET 

LOCAT ION No. : Md#3 
%rCUC 67-E 

Jo8 t;o: OY3&U ,SF . 
TYPE OF SAMPLE: 

‘ASING DiAtdETER : 52 ; i- eve a STEEL 0 OTHER: 

SCREEN r,\AHEfER: _ 4 Ollfi I/ PVC 0 GALVANIZED STEEL fJ STAINLESS STEEL g Gf’E?( ROCK 

>YATlC HA7’E.q LEVEL : cr’ BOTTOM DEPTH. / 3. 0 

OATL’M: 0 TCP cC PROTE’X’NE CAsiMi I/ TOP OF ML1 CdSiNG 0 OTHER: 
_.. - 

4OUtcD ~SUFIFACE TO DATUM: WTER VOCUME IN WELL: 1.2/@6 

CONDITION W YELL: 

=UMFl?d@ DATA: 

cj PUMPING EOUIPMENT DEDIUTED TO YMPLE LCCATlON ? 0 YES i&i0 

-4JctRP!mj i&T-E: I_ a qoycs lIn/fiuLk E’dPSEiY 1 ME i 
u 

#AS WELL EVACUATED ? c! YES ho SELL VOCUMES PUMPED: 

3kMFiiNG GATA : 
dETwO0: 0 SUBMERSi=E PUMP 0 PERISTALTIC PUMP wt61m f-cclbfl 

a CCNTA:%S 9dMISCIELE LIQIJID @ C HER. 

ZOCR 0 YES E/ NO 

-!ELD DETEFIMlNATICNS 

TEUPERATURE. 2r”c pH : IL.59 SPEC. C,-&D -Yd!hL- 
lb -‘- 9 $‘A . 

:THE... 



, 

WATER QUA1. ‘TY SAMPLING 
FI EL0 &TA SHEET 

DATE: T/IO /as 1:s 0 
TiME: -- 

WEATHER CCBOlTtOHS: u*rny 

AIR TEMPERATURE: - So”F 

TYPE Of SMPLE: t/ GROUND -WATER 

0 OTHER 

WELL DATA : 
CASING DIAMETER. 2;n d PVC a STEEL 0 OTHER. 

SCREEN DIAMETER: ,Ol )fl d PVC 0 GALVANIZED -EEL 0 STAINLESS STEEL CJ 9PEN ROCK 

STATiC WATER LEVEL: I;.! 5 BOTTOM DEPTH : 13.9 

CAXJM: 0 TCP w PROTECTIVE CASING W WELL C4SiNG @ OTHER: 

UWUND SURFACE TO OATUM: .-2i - WATER VOLUME IN WELL: /.BY.+oJZ 

CCNDITION W WELL: gecurc- , ?I@ -A t/m 
I 

FUMF!ffi DATA: 
MflMD: a 3uEMERslELE PUWF a FERISTALTK: PUMP .a DIAPHRAGM PUXP 3 s!LEP 

f-‘J OTHER: ‘75-U++ f n&UC 7EFa fld 

IS PUMPING EQUIPMENT DEDICATED TO SdMPLE LGCATION ? 0 YES c3-6 

PulllPcffi RATE. 20145 /b- EiAPSED TIME: /3 r?r‘n \CL&$E p+JPApr&T 3% L)*ls . 

WAS WELL EVACUATED ? 0 YES 0 NO WELL VOLUMES PUMPED: 0-t q 

-SAMFLING DATA: 
METi100: 13 SUBMERSIBLE PUMP (3 PERISTALTIC PUNP cd ea1l”ER T2hn - p,,,,4 

0 DTHER: 

Is SAMPLING EQUIPYENT DEDICATED TO SAhIPtE LO’ZATIW ? a YES 

DEFT)4 Of SAMFLE: /I + /Y&d 

CCNTAINERS: NUMBER / TYPE : NSR - ws- #2?5 -cJQY 

- PHYSICAL 8 CHEMICAL DATA: 

f-J CONTAINS UIMISCIELE LlQlJlD 0 OTHER. 

00% a YES a46 

FIELD CETE??MINATIONS 

TEUPEfiATGRE. 2 a”c pH : 6.6 8 SPEC. cm0 ~~OCb&O. 

. 
cT+-!&q: . 

REMARKS: 



-w 
WB-dgzANw FI ELD DATA SHEET 

cQ=aJ?G- LQCATION No.: - Pw*fn 

I ~8 SAMPLE No. : /vs~-d5-mr?//O-a08 

I 

WEATHER CONDlTlOHS: 

AIR TEMPERATURE: 
$I;- I 

, I 
TYPE of SAMPLE: &ND-WATER 

0 SLeFACE -WATER 0 OTHER 
.I 

WELL DATA : 
:ASiNC DIAMETER. 340 c PVC El STEEL 0 OTHER- 

c, 3 f 
7ATlC WATER LEVEL: BOTTOM DEPTH : RYL’ 

DATUM: 0 TOP Cf PWTECTNE CASIMS Id TOP ff WELL C4SiNG 0 OTHER: 
J - ~. 

ROUND SURFACE l73 DATUM: WATER VOLUME IN WELL: am . +/su ’ 

CONDITION w Wu’ 

W4PING DATA: 

iAMFbiMG DATA : 
lc - 

1 
4ETHOD : 0 suBMLRS18LE FUMP a PERISTALTX PUMP BAILER 

I 
0 OTHER: 

j SAMPC#iG EOUIPWENT DEDICATED TO SPYPLE LOC.ATI@d 3 0 YES Ed 

DEPl?i OF SAMFU: L--g++ 

‘ONTAlNE.5: HUMeER/r(PE: fls6-. s - Inic, ‘*-“br / //‘#4” s/us5 j&w - e- L-c r 

-PHYSICAL 8 CHEMICAL DATA: 
PfXARANCE 13 CLEAR Ii/ TURBID a/ COLOR: .JLidgqL Ii/ CONTA!NS SEDlME?tT: dwk 4cm+ s;,& 

c) CONTA!%S !..MISC!%E L!OUID 0 OTHER. I 

TOOR d YES (h.‘Th + ~&vok.+- Ob* 0 NO 

IELO CXTERMINATIONS~ 

TEMPERATURE JJvc pH : SPEC. CD+uD. 

THER. 

QEMARKS: 



WATER QUALITY 5AWLING I 

-w wl3-wvJs FI ELD DATA SHEET 
rnwLc y 

CCMUJFG- UXATION No.:-/ II- 3 

PROJECT: Ntq /I d &P5.&‘,Llpfsr, bJflfl a DATE: ?/(4= 
J u 

TIME: - :a0 

I 

i!ENT: H 
WEATHER CCtdDlTIONS: 

AIR TEMPERATURE : 

rYPE OF SAMPLE: G/- GROUNO -WATER 

0 SC-FACE -WATER 

-WELL DATA : 
:ASlNC DIAMETER : 3 ; cL 0 PVC Gd STEEL 0 OTHER. 

SCREEN DIAMETER: Lmbww @ PVC 0 GALVANIZED STEEL Id STAINLESS STEEL@0 OPEN ROCK 

,7ATIC WATER LEVEL: , BOTTOM DEPTH : Y, s 

C2tTUM: 0 TOP C6 PF?OTECTIVE CASING I/ TOP OF WELL ‘3SING 0 OTHER: 

ROUNO SmFACE To OATUM: WATER VCLUME IN WELL: -q3a 

CONOIT?ON w VELL: k-r &P#-- c i’ &uW &IS ., w-d 60~ &t w5 e. 
u V 

. 

‘UMPING DATA: 
blETH00: 0 SUBMERSieLE PUMP 0 PERIsTALT)(: PUMP 0 DIAPHRAGM PUMP fiLER 

- 
0 OTHER: 

IS PUMPING EQUIPMENT DEDICATE0 TO SAMPLE LDCPrlON ? 0 YES eG- 

aJhiP!ffi RATE : PJ .5 yiLCi /*/x EiAP-ZD TiME. - 3 fi;nr. M?LME PUMPE!l: i. 5 .=)aQr 
” r 

#AS WELL EVACUATED ? 0 Yff WELL VCCUMES PUMPED: 3+ 

-5AMPLlNG DATA: 
METHOO: 0 SUBMERSBLE FUMP [3 PERISTALTIC PUMP cd BAILER 

0 CrHER: I 
S SAMPLING EOUIPMENT OEDICATED TO SAMPLE LOCATIOH ? 0 YES d 

GEPT?i Of SAMU: g.0 -s* D 

ZNTAINERS: NUMER /TYPE : 

PHYSICAL 0 CHEMICAL DATA: I 
P~ARAtdCE 0 CLEAR a/ TIRelO 0 CDLOR: 3 CXYUAINS SEDIMNT: da/k- k- 1 

0 CONTAINS :CCMISCI3LE L!QUiO s OTHER. 

OOOR 5/i, r, k ,4&w.ad-. 0 NO 
I 

FIELD CETERMINATIONS- 

TEMPERATURE piI : 

2Thl3: 

QEMB?KS: 



APPENDIX D 
Chain of Custody Forms 



I 
CHAIN OF CUSTObY RECORD 

I - 
JOB No. : zw360 

SAMPLE IDENTIFICATION: 

CHAIN OF CUSTODY CHRONICLE: 
COLLECTED BY : 
F 

#i)EPI - C-ckrd OK 31/y B-4 
NAME: DATE 1 ~~d2,)-iclrlekd Pv\ 7115 ec 

I UE+iqs-Calkc+c& avt ~(IC (Z-d 
SIGNATURE: // 

SEALS PLACED ON CONTAINERS ? 0 YES Cl NO 
, 
CUSTODY TRANSFERRED TO : w 

SIGNATURE: I ARE SEALS INTACT ? a YES a NO 
& V 
CUSTOW TRANYFERRED TO : 
1 1 

II NAME: DATE : TIME: 
3 

SIGNATURE: ARE SEALS INTACT ? 0 YES II. NO Cl N/A 
1 ’ 
RECEIVED IN LABORATORY BY’ 

4 NAME: J)r?“ta /d c-0 .I WY,: DATE: “I/id / f 6 TIME: s: 3 r 

SIGNATURE: &&&/ ,4’,, , ARE SEALS INTACT i’ 0 YES 0 NO 
7 

MSPOSED BY: 
t I 

5 NAME: DATE: 

SIGNATURE: 
* 

REFER TO ” WA-iER QUALITY SAMPLING FIELD DATA SHEET” FOR SPECIFIC SAMPLING DETAILS. 

WERE ANY SAMPLES SPLIT WITH ANOTHER PARTY ? 
IF YES, IDENTIFY : 

Cl YES 0 NO 



CHAIN OF CUSTODY RECORD 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I I I 
I 

f 
I 
! i 

SAMPLE IDENTIFICATION: 

CHAIN OF CUSTODY CHRONICLE: 
COLLECTED BY: 

n 
NAME: h\ct J h/e< j6;/; 

I 

SIGNATURE: SEALS PLACED ON CONTAINERS ? 0 YES d NO 

CUSTODY TRANSFERRED TO :! 

Cl YES Cl. NO B-M/A 

CUSTOW TRANSFERRED TO: s e , 

NAME: DATE : TIME: 
3 

SIGNATURE: ARE SEALS INTACT ? 0 YES Q NO 0 N/A 

RECEIVE0 IN LABORATORY BY: 

- NAME: ?@- ~~RJ?7$ , 
4 

DATE: X-526 TIME: / 

SIGNATURE: 
ig?J/m(&J &%I& 

f ’ - _ ARE SEALS INTACT? 0 YES 0 NO B 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 f’ 
IF YES, IDENTIFY : 

OYES 1)NO 



CHAIN OF CUSTbDY RECORD 

CLIENT : NAv’f 

JOB No. : 04360 T’F 

SAMPLE IDENT IF ICATION : 

CHAIN OF CUSTODY CHRONICLE: 
COLLECTED BY : 

NAME: =&&av~ -;ky and PC-t., (-r&,eak DATE, q 110 leL 

I 

SIGNATURE: SEALS PLACED ON CONTAINERS ? &Es e!fz 

CUSTODY TRANSFERRED TO : 

NAME: /= c&c %L,,,:, ( DATE: 7 I/ yl TIME: ‘%2 1 
2 

72J?xy- 

,, 

SIGNATURE : ARE SEALS INTACT ? tl YES 0. NO m/A 
c 
CUSTOtYf TRANSFERRED TO:’ ’ 

NAME: DATE : TIME: 
3 

SIGNATURE: ARE SEALS INTACT ? IJ YES O_ NO 0 N/A 

4 
NAME: 

SIGNATURE: 

DISPOSED BY: 

DATE: TIME: 

ARE SEALS INTACT •= 0 YES 0 NO Cl N/A 

WERE ANY SAMPLES SPLIT WITH ANOTHER PARTY ? 
IF YES, IDENTIFY : 



APPENDIX E 
York Laboratories Certified Reports 



tg j YORK LABORATORIES DIVISION 

-.. . ---_I- ----_-- -.._1_* 

CERTIFIED REPORT TRANSMITTAL 

REPORT NUMBER 
30870-1515 

DATE 
December 12, 1986 

CLIENT 
Wehran Engineering 
100 Milk Street 
hlEthuen, MA 01844 

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 concerning 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 arrangements 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 Analyses 
Microbiological Analyses 
Mass Spectrometry Services 

Very Truly Yours, 

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) liquid samples were submitted to York Laboratories 
Division of YWC, Inc. by Wehran Engineering. The client re- 
quested the type of oil 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 (Ni63). 

RESULTS 

The results are presented in the following Tables. 

Prepared by: 

JCC/md 

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



TABLE 1.0 
30860-1515 

WEHRAN ENGINEERING 
OIL CHARACTERIZATION RESULTS 

Sample Identification Result 

T-l 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 oil such as #6 oil. 

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

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

MW-3 Analysis of oil sample indicated 
spectra typical of a heavy fuel 
oil such as #6 oil. 

MH-4 

MH-5 

FO-2 

Analysis of oil sample indicated 
spectra typical of a heavy fuel 
oil such as #6 oil. 

Analysis of oil sample indicated 
spectra typical of a mixed heavy 
fuel oil such as a mixture of #5 
and Ct6 oil. 

Analysis of oil resulted in spec- 
tra typical of a heavy fuel oil 
such as ltr'6 oil. 



PCB Type 

PCB 1016 

PCB 1221 

PCB 1232 

PCB 1242 

PCB 1248 

PCB 1254 

PCB 1260 

TABLE 2.0 
30860-1515 

WEHRAN ENGINEERING 
PCB RESULTS 

Sample Identification: MH-3 

Result, mg/Kg 

<0.50 

<0.50 

co.50 

co.50 

<0.50 

<0.50 

<0.50 



YORK LABORA’lOIUES DIVISION 

_I 
-.-- -----II 

CERTIFIED REPORT TRANSMITTAL 

REPORT NUMBER 
30860-1591 

DATE 
October 24, 1986 

CLIENT 
Wehran Engineering 
100 Milk Street 
Methuen, MA 01844 

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 concerning 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 arrangements 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 

I Water and Wastewater Analyses 
Air and Process Gas Analyses 
Industrial Hygiene Surveys 
Metallurgical Analyses 
Microbiological Analyses 
Mass Spectrometry Services 



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 

FO-1, 08/04/86 

Fluorescence Spectra Data 

Spectra typical of #2 fuel 
oil. 

_. 

Prepared by: 'i. 
,,;/ 

,r/' / 1.1 .L &.v 
Jeffrey C. Curran 
Laboratory Manager 

i 

JCC/md 

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



. . -a-- - 

CERTIFIED REPORT TRArWMfTAL 

REPORT NUMBER 
30860-1515 Addendum 

~~ _ ---.. ~- ~-- -. -..--.-. --..- _- .- __.. - ____ 

DATE 
February 27, 1987 

~- ~~ - - - -.... --- ~- ..-... -~ 

CLIENT 
Wehran Engineering 
100 Milk Street 
Methuen, MA 01844 

ATTENTION us. _Jennifer- Griffithm _ ~_._____ -------. 

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 Mure reference. 

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

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

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

I Hazardous Waste Analyses 
e Product EvaluattonR&D 
. Water and Wastewater Analyses 

Air and Process Gas Analyses 
. Industrial Hygiene Surveys 

Metallurgical Analyses 

Microbiological Analyses 
. Mass Spectrometry Services 

Robert & Bradley 
Vice President 



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 . 

RESULTS 

The results are discussed below: 

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

Samples 
gesting 

MH-1, MH-3 and MH-4 showed spectral similarities sug- 
the oil 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: 

JCC/md 

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

VA’C. KC * 200 Monroe Tumoike. Monroe. Connecticut 06468 ~(203) 261-4458 



YORK LABORATORIES DIVISION RECEIVED 

BY--J!$~. 

JAN 2 3 1987 

WEHRAN EMG!NEERING 
METHUEI% MA 

CERTIFIED REPORT TRANSMITTAL 

REPORT NUMEER 
30860-1515-Addendum 

DATE 
January 21, 1987 

CLIENT 
Wehran Engineering 
100 Milk Street 
Methuen, MA 01844 

:i;ENilCN Mr. Richard Ilesser 

The aoove referenced repcr-t IS enclosed. Cooles of this report and sucpcr~ng cctc 
WI/I be retained in our files !n the event Yhey cre requrred for fuiure reference 

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

Any samples submitted to our Laboratory WIII be retarned for a maxrmum of sixty [60) 
days from recelot of this report. unless other arrangements are desrred. 

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

Hazardous Waste Analyses 

Product Evaluation/R&D 
Water and Wastewater Analyses 

Air and Process Gas Analyses 
Industrial Hygrene Survevs 

Metallurgical Analyses 

Microbiological Analyses 

Mass Soectrometry Servtces 

w 
Roberr Q. Braaley 
Vice Presraent 



January 21, 1986 

30860-1515-Addendum 
WEHRAN ENGINEERING, INC. 

100 Milk Street 
Methuen, Massachusetts 01844 

Attention: Mr . Richard 'lesser 

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 
oil such as p6 oil. Sample MH-5 was determined to be a mixture 
of ft5 and X6 oil. Spectral variations in several of the sam- 
ples indicated the source of the oil present was different than 
the sample (FO-2) used as a standard. 

SAMPLES T-l 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: 

JCC/md 

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

30860-1391 
REPORT NUMBER 

DATE 
October 24, 1986 

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

ATTENTION Mr. IIic.hard 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 concerning 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 arrangements 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 

B Metallurgical Analyses 
Microbiological Analyses 
Mass Spectrometry Services 



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 (oil) 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". 

1 ,‘. 

Prepared by: I J./ ,,-[r,, 1 ~'~,'i:~+- 
JeffreyC. Curran 
Labo!ratory Manager 

~ - 

JCC/md 

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



TABLE l-.0 
30860-1391 

WEHRAN ENGINEERING/NAVY 

Sample Identification 

NSB-WEl-5-7 

Fluorescence Spectra Results 

Trace concentration levels of 
petroleum hydrocarbons 
resulted in poor resolution 
spectra. No usable data 
obtained. 

NSB-WEl-13-15 

NSB-WE2-2-4 

NSB-WE2-12-14 

NSB-WE3-7-9 

NSB-WE3-9-11 

NSB-WE4-7-9 

NSB-WE4-11-13 

NSB-WE5-7-9 

NSB-WE5-11-13 

Trace concentration levels of 
petroleum hydrocarbons 
resulted in poor resolution 
spectra. No usable data 
obtained. 

Trace levels of a heavy fuel 
oil (No. 6 fuel oil) detected. 

Trace levels of a heavy fuel 
oil (No. 6 fuel oil) detected. 

Low levels of a heavy fuel oil 
(No. 6 fuel oil) detected. 

Low levels of a heavy fuel oil 
(No. 6 fuel oil) detected. 

Low levels of a heavy fuel oil 
(No. 6 fuel oil) detected. 

Trace concentration levels of 
petroleum hydrocarbons 
resulted in poor resolution 
spectra. No usable data 
obtained. 

Trace concentration levels of 
petroleum hydrocarbons 
resulted in poor resolution 
spectra. No usable data 
obtained. 

Trace concentration levels of 
petroleum hydrocarbons 
resulted in poor resolution 
spectra. No usable data 
obtained. 



YORK 1AB0RAT0RK.S DIVISION 

CERTIFIED REPORT TRANSMITTAL 

REPORT NGMBER 
30860-1772 

xii 
October ‘24, 1986 

CLiENT 
Wehran Engineering/Navy 
100 Milk Street 
Methuen, MA 01844 

ATTENTION MS. Barbara Riley 
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Mass Soectrometry Servrces 

Robert Q. Bradley 
Vice President 
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October 24, 1986 

30860-1772 
WEHRAN ENGINEERIyG/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. 
ed 

The client request- 
that the samples be analyzed for 

fluorescence spectroscopy. 
"oil fingerprinting" by 

RESULTS 

The results are presented in Table 1.0. 

/ , 

Prepared by: ? 
j,// , 

'. 1 < I', ,. 
Jeffrey C. Curran 
Laboratory Manager 

JCC/md 

The liability of YWC, 
value of this project. 

Inc. is limited to the actual dollar 



TABLE 1.0 
30860-1772 

WEHRAN ENGINEERING, INC. 

Sample Identification Fluorescence Spectra Data 

NSB-WS-WE4-001 Spectra typical of a heavy 
waste/fuel oil. 

NSB-9%WEl-002 

NSB-WS-WE2-003 

NSB-WS-WE5-004 

NSB-WS-FB-005 

NSB-WE3-006 

NSB-WS-WE3-007 

YSB-WS-MWlO-008 

NSB-WS-MW4-009 

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 
debected. 

Spectra typical of tt6 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 oil in 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 9552% 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. 



RIES DMSION 

May 30, 1986 

Ms. Jennifer Griffith 
Wehran Engineering 
100 Milk Street 
Methuen, MA 01844 

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, 

'Robert Ueberbacher 
Field Representative 

RU/md 
Enclosure 
cc: K. Scrimenti 



The Santa Barbara channel off the termine to a standard of reasonable 
coast of California is choked with oil scientific certainty whether the known 
tankers waiting to unload their car- samples and the scene samples could 
goes of crude oil for refining. Suddenly have had a common source. The simi- 
the water becomes fouled with crude larities among various types and 
leaking from one of the vessels. But brands of hydrocarbon products cre- 
which one? ate formidable analytical problems 

An old car pulls into the driveway of that may call for unconventional 
an expensive home. The driver of the methodologies. 
car commits a burglary in the home 
and leaves the scene, but his car leaves Present methods of analysis 

a deposit of motor oil that has leaked The conventional methods used to 
from the crankcase. Can the oil spill analyze petroleum products in foren- 
be matched to the oil of the car? sic cases are usually some variation of 

An arsonist is hired by the owner of gas-liquid chromatography (GLC). 
a failing business to torch the build- The more volatile producta such as 
ing. He shows up at the building in the gasoline are usually analyzed by head- 
middle of the night and tosses a Moio- space techniques, perhaps after con- 
tov cocktail, a bottle containing gaso- centration by a purge-and-trap meth- 
line and a cloth wick that ia ignited, od. The less volatile oils and lubri- 
through the window. After the fire is cants are solvent extracted and/or 
put out, an investigator finds the directly injected. Although GLC can 
broken bottle still containing a small easily determine what type of petroie- 
amount of gasoline. Did the gasoline urn product is present, i.e.. gasoline vs. 
come from a tive-gallon can of gasoline motor oil vs. petroleum jelly, it is na 
found in the suspect’s car? discriminating enough to determine 

These incidents have certain aa- reiiablv what brandor of a nar- 
pecta in common. They occur fre- titular hydrocarbon product is pres- 
quently in the United States today, en& Thus, GLC cannot. bv itself, be 
and they involve a petroleum-baaed used to determine if two samples 
hydrocarbon product as a critical could have-. Al- 
piece of evidence. These cases require -%&gh capillary column GLC haa im- 
comparisons of a hydrocarbon whose proved resolution significantly and 
source is known (such as the crude oil uses smaller samples, it still cannot 
in the tankers, the engine oil in the overcome the fundamental weakness 
crankcase, and the gasoline in the five- of this method. 
gallon can) with one whose source is Fluorescence spectroscopy in 
not known and which is found at the 
scene of the incident (the oil slick on hydrocartxm analysis 

the water, the motor oil spill on the In recent times, the possibility of 
driveway, and the remains of the using fluorescence spectroscopy in the 
Molotov cocktail). The goal of the analysis of petroleum products haa re- 
chemical analysis in each case is to de- ceived increased attention. Virtually 



ail 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. 

Thus.- orential L us the 
fluorescence of a particular sample as 
a unique marker for thal producl. 

This, in theorv. would make it pose 
xetermlne 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 tluorescence 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 allows us to 
study only one of the three major 
areos of fluorescence of the petroleum 
products of interest at a time. For this 
reason, we decided to evaluate 3-D 

Flguro 1. Excltatlon fluorescance spectrum ot Quaker State Super Blend Motor 011 

Jay A. Skgel 
Mkhlgm Sl8le University 
schod of crtmtnat Jllsttce 
East Lansing, Mkh. 48824-l 118 

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 (of41 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 fixed wavelength range. Or. in 
the case of synchronous fluorescence. 
a series of spectra is obtained in which 
the difference in wavelength between 
the two monochromatora is increased 
systematically. The instrument used 
in this study permita the collection of 
up to 30 such spectra in a series The 
spectra are stored on a floppy disk and 
then plotted on a Cart&an ryatem 
with the wavelengths of the scanning 
monochromator, the nonaanning 
monochromator (or the wavelength 
difference in synchronous fluores- 
cence). and the fluorescence intensity 
as the x-, y-. and z-axes, respectively. 
The plotting progrnm can also plot the 
spectra starting with either the high- 
eat or lowest wavelength of the non- 
scanning muncrhromatot (y-exis). 
l’his con generale lwo piota that view 
the fluorescence profile from either 
the “front” (Figure 24 or “back” (Fig- 
ure Zb). If 3-D plots are taken of. the 
excitation, emission, and synchro~nu 
fluorescence. one can obtain a total of 
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Floure 2. (a) Front and (b) back view of the 30 excitation ~IUCIW~CXMICO spectrum of 
Qioker Slate Super Blend Motor Oil 

six distinct views of the fluorescence 
profile. 

Gasoiii samples 

In certain incendiary tires, 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 intacL This consti- 
tutes the crime scene evidence. lf 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 R-D 
fluorescence can be used to determine 
if the two gasoline samples could have 
had a common source. 

in such casea the two gaaoiine sam- 
pies to be compared are dissolved in 
spectra-grade hexane and diluted to a 
final concentration of 25 ppm. All of 
the spectra are obtained on o Perkin- 
Elmer Model Lambda 5 spectrofluo- 
rimeter with a Model 3600 data ala- 
tion controlling the generation and 
storage of the spectra. Perkin-Elmer’s 
PLOT program is used to generate the 
3-D plots. Prescana are first per- 
formed on each sample, and then aim- 
pie excitation and emission s-8 
are obtained to identify the important 
areas of fluorescence and to make a 

preliminary determination of the like- 
lihood thot the two samples could 
have had a common source. If the sim- 
ple spectra ore 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 
piot is more effective at differentiating 
between two samples of gasoline than 
are the excitation or synchronous exci- 
tation piots. Therefore, 3-D emission 
plots are obtained for each sample. 
The architecture of the disk operating 
system and the capacity of. the diaka 
permit storage of three 3-D spectra 
stacked plots on one disk. The 3-D 
emiaaion plots of the tW0 Mmplea of 
gasoline are put on the same disk. 
which leaves room on that disk for the 
resultant plot obtained by computer 
comparison of the two plota. 

Hard copies of the front and back 
views of the emission piob are ob- 
tained and visually compared to deter- 
mine if they are obviouaiy different, 
aItbough experience dictates that if 
the simple emission spectra are very 
similar, the stacked p10b will be ah 
&csuae these stacked piob are quite 

--- 
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Qllre 3.l=tlrebdimenslma I stacked plots of (a) unknown and (b) known !&oUne 
-=m@es of dlfferent or@k~ and (c) the result of subtracting the two stacked pktr 

complex, however, visual comparison bined by subtracting one plot from 
may not be sufficient to make a defini- the other should have essentially zero 
tive determination. Thus we wrote a 
program that would permit computer- 
ized comparison of two plots by sub- 
tracting one from the other, syecLrum 
by spectrum, and then prepare a 
stacked plot of the resultant spectra. 
If the 3-D emission plota of the crime 
xene gasoline sample snd the sample 
of known origin do have a common 
suurce then the resultant spectra oh- 

intensity a( any point in the plot. If. 
WI 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 plot. . 

. 
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Figure 4. ~hrebdimenaionai stacked plots of (a) unknown and (b) known gaaoflne 
samples of commocl -In and (c) the result of subtracting the IWO Stacked plots 

Figures 3a and 3b are the 3-D emis- 
Yiun spect.ral plots of an unknown 
sample of gasoline and a sample of 
known origin, respectively. The resul- 
tant stacked plot in Figure 3c indi- 
cates that the samples bad different 
sources. which is in fact the case. Like- 
wise, Figures 4s and 4b are emirsion 
stacked plots of different known and 
unknown gasoline samples. The flat- 
plane appearance of Figure Ic, the re- 
suit of subtracting the two stacked 

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

The results of these examples of 3-D 
fluorescence as well as other experi- 
mental work suggest that this &ch- 
nique has great potential OS a test that 
allows the analyst LO determine, with 
reasonable certainty, if two petruleum 
product samples in a criminal or civil 
case could or could not have had a 
commnn source. . 



f!!!b . . . 
YORK LABORATORIES DMSION 

. . . , ..+ Aa 

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 oil fingerprinting 
by fluorescence spectroscopy. 

Your sample NSB-WS-WE3-007 could not be analyzed as the 
sample 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, 

Johanna L. Dubauskas 
Client Services Representative 

JLD/md 

Attachment 
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