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PREFACE 

- .* 

This document is the Phase I Remedial Investigation Report for the Naval Submarine 
Base-New London. It is prepared as part of the United States Navy’s Installation Restoration 
Program. Included in this report are the results of Step I investigations (preliminary 
assessment/site inspection) at seven sites and Step II investigations (remedial investigations) at 
four sites. Of the seven Step I sites, it is recommended that four proceed to Step II 
investigations; supplemental Step I investigations are recommended at the remaining three sites. 
Supplemental Step Il (remedial investigations) are recommended for all four Step II sites. 
Presented below is a summary of the present status of all eleven sites investigated. 

I SUMMARY OF SITE INVESTIGATION STATUS I 
. . . . . . . .. .:::.: :; Investigatifm Status 

Site &nib .“: Re+nsy$d&ioq ’ ’ 
.: Step I Step II 

CBU Drum Storage Area . Perform supplemental Step I investigation 

Rubble Fill at Bunker A-86 . 

Torpedo Shop . 

Goss Cove Landfill . 

OBDANE . 

Spent Acid Storage and Disposal Area l 

Proceed to Step II investigation 

Proceed to Step II investigation 

Proceed to Step II investigation 

Perform supplemental Step I investigation 

Proceed to Step II investigation 

I Remove tank and perform corrective 
Former Gasoline Station . actions, if necessary, in accordance with 

underground storage tank regulations. 

AreaA 
I I 

I . Perform supplemental Step II investigation 

OBDA 

DRMO 

. Perform supplemental Step II investigation 

. Perform supplemental Step II investigation I 

I Lower Subase I I* 1 Perform supplemental Step II investigation 1 

The first draft of this report was submitted to the technical review committee (TRC) for 
review in August of 1991. Written comments were received from several TRC members as 
listed below : 

l United States Environmental Protection Agency - November 12, 1991 
l Connecticut Department of Environmental Protection - November 25, 1991 
l Town of Waterford - October 16, 1991 
l National Oceanic and Atmosphere Administration - September 22, 1991 
l Mr. Fromer - October 13, 1991 
l United States Department of Interior, Fish and Wildlife Service - 

December 6, 1991 



The Navy prepared detailed responses to these comments (March 20, 1992 and March 
26, 1992). The USEPA submitted a letter (May 20, 1992) responding to the Navy’s response 
letters. The Navy had a series of discussions with the USEPA to resolve outstanding issues. 
As a result of these discussions, an agreement was reached on the outstanding issues and 
documented in writing by the Navy. 

This report has been modified to address comments from the TRC, and those USEPA 
comments requiring revision to the report at this time. Several USEPA comments will be 
addressed in the Phase II Remedial Investigation report, which will follow the implementation 
of the recommended additional field investigations. 

The following documents pertaining to comments and responses to the draft report are 
provided in Attachment 1 to this preface. 

l List of comments that have been addressed by making revisions to the report 
l Navy summary of resolutions reached regarding EPA’s additional comments 

of May 20, 1992 
l Navy’s response to EPA’s comments of November 12, 1991 (March 20, 1992) 
l Navy’s response to EPA’s Risk Assessment comments of November 12, 1991 

(March 26, 1992) 
l Navy’s response to CTDRP’s comments of November 25, 1991 

(March 26, 1992) 
l Navy’s response to Town of Waterford comments of October 16, 1991 

(March 26, 1992) 
l Navy’s response to NOAA’s comments of September 22, 1991 

(March 26, 1992) 
l Navy’s response to Mr. Fromer’ s comments of October 13, 199 1 

(March 26, 1992) 
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All revisions to the report have been made in bold print, except for revisions to tables 
or figures. 



ATTACHMENT NO. 1 



LIST OF COMMENTS THAT HAVE BEEN ADDRESSED 
BY MAKING REVISIONS TO THE REPORT 

- 



LIST OF COMMENTS THAT HAVE BEEN ADDRESSED 
BY MAKING REVISIONS TO THE REPORT 

(REFERENCED TO THE NAVY’S RESPONSE TO COMMENTS) 

NAVY RESPONSES TO EPA COMMENTS (NOVEMBER 12,199l) 
ON DRAFT IR REPORT (AUGUST 1991) 

Page Comment Number(s) 

Section 1.0 - Introduction 

3 .2, 4 

4 6, 7, 8, 9, 10, 11, 12, 13 

5 14, 15 

Section 2.0 - Site Investigation 

6 1 

7 6 

I 8 11 

9 15 

10 17, 18, 21, 22 

11 23, 25, 26 

12 27, 31 

13 32, 33 
I 

Se&h 3.0 - Characteriaztion of Study Area 

14 1, 4 

15 5, 7a, 7b 

16 9, 10, 12, 13, 14 

17 16, 17 

18 21, 22 

19 25, 26, 27, 28 

23 10, 11 

24 14 

25 18 

26 28 

27 30 

28 1, 2 

29 5, 7, 9, 10 



NAVY RESPONSES TO EPA COMMJZNTS (NOVEMBER 12,199l) 
ON DRAFT IR REPORT (AUGUST 1991) (continued) 

“Page ...I. . . . . :: .,i::.;:,: ,: 1 C$rnrpe$ Numb?(s) 

Section 8.0 Sum~iy - and Cottc&@zs .:.. 

34 1, 2, 3 

recommen 
changed to a recommendation for supplemental 

Step I investigations. 
I 

Section 1.0 - Prehhinag Remedid Technologh 

43 I 5, 6 

NAVY RESPONSES TO THE CTDEP’s COMMENTS (NOVEMBER 25,199l) 
ON DRAFT IR REPORT (AUGUST 1991) 

I NAVY RESPONSES TO EPA’s COMMENTS (MAY 20,1992) 
ON DRAFT IR REPORT (AUGUST 1991) I 

I 
:..:..: .:..: .,.,,,, . . . : .., section.1.o +-nt~i@@on ..: : ..: . . : : 1, ,‘I. .: ,j.;,... j. 
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NAVY SUMMARY OF RESOLUTIONS REACHED REGARDING 
EPA’S ADDITIONAL COMMENTS OF MAY 20, 1992 



NAVY SUMMARY OF RESOLUTIONS REACHED REGARDING EPA 
COMMENTS (MAY 20, 1992) ON DRAFT IR REPORT (AUGUST 1991) 

Introduction 

These responses reflect discussion and agreements regarding resolutions of the comments 
from a phone conference on June 4, 1992 between USEPA, CTDW, Navy and Atlantic. 

General Observations 

1. As discussed in EPA’s November 12, 1991 comment letter on the dra@ report, EPA cannot 
concur with the Navy’s determination that suficient data exists to support a “No Further 
Action ” decision at three sites. As discussed on page 30 of the aforementioned 
correspondence, the fact that analytical results from a particular site did not result in 
contaminant values that exceeded ARARs or risk-based criteria is not a suflcient means 
for determining whether the site should undergo further investigation. The CERCLA 
criteria for determining whether a Remedial Investigation (RI)/Fea.sibility Study (FS) should 
be petformed on a particular site does not consider ARARs or risk-based values. 
Generally, the amount of sampling which is peq?ormed for a PA/SI (Step I investigation) 
is only suflcient to determine the presence of contamination, not the nature or extent. 
Furthermore, all media are not typically sampled in the PALSI phase. In addition, since 
there have been documented releases at all three sites, further investigation must be 
conducted that completely characterizes these areas. 

The recommendation in the RI report has been changed from “No Further Action”, 
however, a full remedial investigation (Step II investigation) wili not be initiated. It 
was agreed that, in lieu of Step II investigations,. a supplemental Step I investigation 
will be conducted at CBU and OBDANE to determine if Step II investigations are 
necessary or to support a no further action recommendation. Details of the scope-of- 
work for the supplemental investigation for these sites will be presented in future 
work plans that will be submitted for review and approval. Regarding the Former 
Gasoline Station the underground storage tank will be removed. After the tank is 
removed, samples will be collected from excavation sidewalls, at a depth just below 
the tank bottom and at the depth of the ground water table interface. If 
contamination is detected, corrective actions will be performed in accordance with the 

i, - underground storage tank regulations. If no contamination is detected, no further 
actions wili be required. 

2. Site-spectj?c background soil data for inorganics must be collected during Phase II 
activities. ) 

It was agreed that background data will be collected. This investigation effort will be 
fast tracked to expedite completion of the Phase II RI report. 
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3. Several responses offered by the Navy indicate only that EPA comments “will be considered 
in future work plans “. Examples of this include sampling for dioxins, suggestions for x 
additional sampling locations, modtjication of the North Lake overflow plumbing, etc. -4 
Such responses are unacceptable and must be resolved prior to initiation of Phase II 
ach’vities. In addition, as discussed during the March 31, 1992 TRC meeting, EPA has not 
agreed that the nature and extent of contamination have been adequately determined for 
those sites which the Navy has moved into the FS phase of the investigation. It is 
recommended that the Navy refrain from Submith’ng the draft FS report until adequate 
characterization data is collected. 

The following is a discussion of each of the comments responded to with “will be 
considered in future work plans”, as discussed during our conference call. As you are 
aware, the EPA and TRC will have an opportunity to comment on the supplemental 
work plans prior to implementation. 

The Navy agrees to perform dioxin testing (Response 1 - Contaminant Fate and 
Transport section) and to delineate the extent of wetlands (Response 8 - Summary and 
Conclusions section). 

!.coiiJ@$5 concerning development of future work plans; groud 
to be analyzed for metals will be analyzed for bothtotal and dissolved 

7netals; when feasible, well screens will not be placed over different stratigraphic Z 
units, and all soil gas hot spots will be evaluated=to determine if a monitoring well or - 
soil boring at that location is required. 

The work plan for Step II investigations at th ill include collectionL 
of a soil sample or samples with a hand auger f the soil gas hot spot 
observed at the north leach field.: Some of the borings to be pr%posed for this site will_ 
be located in an effort to determine the bedrock contactjmd will include the collectioc 
of bedrock core samples. In addition, any bedrock outcrops in this area will 66 
surveyed. We will also evaluate the use of geophysical methods, however, the 
signature between the two formations may not be different enough to allow the use of 
geophysical methods. 

The work plan for supplemental Step II investigations at include collectioc 
of samples of water and sediment in areas where grou seepage into North 
L&e is evident and will include additional surveying of bedrock overcrops. EPA 
suggested continuous monitoring at two locations in Area AZ The work plan will 
include some longer term water level monitoring at these locationsg As the wo 

will further discuss the need for continuous monitoring? Th 
scope of work will include furth&sediment sampling, however, 

analysis for all TCL and TAL parameters is not necessary. After we develop a lisle 
of parameters, we will further discuss this issue. The ecological survey in this area 
will include a benthic survey and will most likely include sediment toxicity testing. 
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_ -_ Presently, preparation of the FS is on hold pending completion of the RI, including 
the further definition of the nature and extent of contamination, and other items 
requested by the EPA. 

4. A baseline quantitative ground water risk assessment must be conducted to adequately 
evaluate potential risks to human health. Comparison of ground water quality to MCLs 
is unacceptable. 

The Navy agrees to perform a baseline quantitative risk assessment regarding ground 
water ingestion. ’ This will be performed after the supplemental investigations are 
completed. 

5. As discussed during the February 13, 1992 meeting with EPA, the Navy, and its 
contractor, the use of surrogate RfDs does not reduce uncertainty ana’ is unacceptable in 
the baseline risk assessment. More specific comments on outstanding risk assessment 
issues can be found on proceeding pages. 

The spreadsheets will be re-calculated. The source of RfDs for the revised 
spreadsheets will be the values in the IRIS database or the HEAST tables that are 
current at the time the Phase II RI Report is completed. 

Response to “General Comments I’ 

1. Pane 2. Resuonse 7: The “other Navy analytical data” mentioned was not presented in 
the draft IR report. In addition, the Navy has not provided EPA with information on the 
DQO level of these data, the analytical methods used, or the spectfic locations from which 
samples were collected. 

EPA believes that additional sampling of North Lake is warranted due to the fact that the 
lake appears to be recharged by ground water. This matter should be discussed further. 
The addition of a sample location near Triton Avenue is not a suitable substitute location 

for additional sampling at North Lake. 

The “other Navy analytical data” was summarized in Table l-6. Copies of original 
laboratory reports are available. Tbe Phase II RI will include information regarding 
the DQO level of the data and analytical methods used. The locations of samples 
collected by the Navy within North Lake are unknown. 

The Navy will conduct additional sampling of North Lake as requested. The scope 
of these additional investigations will be addressed in the supplemental Step II work 
plans. 

2. Paae 2, Response 10: The tidal cycle investigation discussed on pages 3-42 and 3-48 of 
the draft IR report is not adequate to interpret and predict the fate and transport of ground 
water contamination. The IR report does not state whether the investigation was pevormed 
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during spring or neap tides. It is not clear whether additional wells (in addition to those 
discussed in the report) were monitored to determine a tidal injluence. 

Although the statement that “the reversal of ground water flow direction at high tide does 
not extend farther than 300 feet inland from the river” may be correct, the tidal efsect at 
the Goss Cove and the DRMO were not investigated. Furthermore, there are additional 
impacts or eflects of tidal influence other than changes in ground water. For example, 
tidal induced water levels may complicate hydraulic conductivity test analysis, and the 
existence ofjloating product may vary with the rise and fall of the tide. 

It was generally agreed, after further explanation, that the work completed was 
adequate. This section of the report will be revised in the Phase II RI to include 
water elevation information from tidal charts to show that the survey was performed 
during normal tides. A graphical presentation of elevation measurements from all the 
wells surveyed will be provided. Discussion will be provided to explain that the tidal 
survey conducted at Lower Subase is applicable to the DRMO and Goss Cove sites 
due to their similar location adjacent to the river, and similar subsurface geology 
(fill) l 

We acknowledge that tidal impacts may effect more than just ground water elevations, 
and will consider these impacts in data evaluation and any future investigations. 

Section 1.0 - Introduction 

1. Paae 4. Restronse 11: This information should be included in the drafl final IR report. 

This information is included in the Phase I RI Report. 

Section 2.0 - Site Investiaation 

1. Paae 6. Remonse 3: EPA has reviewed the February 1992 Geophysical Investigation 
Report and submitted comments to the Navy via a letter dated April 20,1992. EPA would 
appreciate a response to this letter and requests that a follow-up meeting be convened to 
discuss additional geophysical work that may be warranted based on a&a gaps identified 
in the report. 

A response- is presently being prepared by Weston Geophysical and will soon be 
submitted to the Navy. Shortly thereafter, the response will be finalized and 
submitted to the EPA for review. 

2. Paae 7, Remonse 6: EPA does not require “vigorous QA/QC” to be applied to screening 

5 methodologies, only that QC samples have dejined objectives of acceptability. The use of 
standard acceptance criteria is intended to apply reasonable limits to the subjectivity of the 
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analytical system. For example, the accepted degree of precision for soil gas field 
duplicates need not be as stringent as those applied to laboratory analysis, but there should 
be a limit to the impression which will be accepted. That limit should be defined. 

The Phase I RI Report has been revised to define the precision limit which was 
qualitative. Results were considered acceptable if, in comparison of duplicate 
analyses, there was a general match of identified compounds (presence of or absence 
of the same compound) and if there was no significant difference in concentration, 
generally around an order of magnitude. 

3. Paae 8, Resoonse 12: The discussion on page 2-13 of the drafr report does not indicate 
the spectjic selection criteria employed for each sample collected. This discussion is vague 
and cannot be used to develop an understanding of how a particular sample from a given 
boring was selected for analysis. Additional information is needed. 

An explanation and further details of the criteria used to select soil samples will be 
compiled and provided in the Phase II RI Report. 

4. Pace 8, Remonse 13: Although EPA is not requesting that the Navy install additional 
wells to determine the base wide ground water Jlow directions, a ground water map which 
encompasses all of the hazardous waste sites is fundamental to the interpretation of 
contaminant fate and transport and determining background reference sampling 1OCah’OnS 
at the base. 

A base wide ground water contour map will be prepared utilizing existing ground 
water monitoring wells installed at NSB-NLON. This will be accomplished by 
collection of a water depths over a one to two day period. Note, at Goss Cove, Lower 
Subase, and DRMO, the measurements will be collected during the same general time 
frame to m’ mimize the effect of tidal fluctuations. For wells that have not been 
surveyed by Atlantic, existing well elevation information will be used to develop a 
consistent reference elevation. 

5. Paae 9, Resvonse 15: A bedrock elevation map must be provided in the draft final IR 
report. 

Based on subsequent discussions following the phone conference of June 4, 1992, it 
was agreed that a base wide bedrock elevation map will not be prepared at this time 
due to the lack of available data. As additional data becomes available regarding 
bedrock elevation, we will consider preparation of a base wide map: - 

6. Paae 10, Resvonse 16: The dra$ IR report indicates that ground water flow reversals 
occur as far as 300 feet inland. It is probable, therefore, that “‘tidal e$ects ” are 
pronounced several thousand feet inland, sign@cantly more than ‘200 feet” indicated in 
the Navy’s response. Continuous monitoring waTer level recorders should be installed to 
document tidal efects’at these sites. 
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See response No. 2 regarding the general comments above. The .Navy does not 
propose to install continuous monitoring water level recorders as part of future tidal 
investigations. 

.~ 

7. Paae 12. Restronse 30: EPA requires PRPs to per$orm data validation of all samples used 
for risk assessment, regardless if the data were generated using DQO Level II methods. 
At a minimum, federalfacilities are required to submit a representative subset (no less than 
ten percent) of analytical results to valiaMon in accordance with EPA Region I guidelines. 
It is recommended that the Navy identify critical data points, i.e., analytical results 
generated from sample locations where multiple analyses were per$ormed, and submit these 
data for additional validation in accordance with the November I, 1988 Region I 
Laboratory Data Validation Guidelines for Evaluating Organic and Inorganic Analyses. 
Conclusions regarding the acceptability of these a!ata will then be applied to the remainder 
of the data. 

The Navy agrees to perform the additional data validation specified. 

Section 3.0 - Characteristics of Studv Area 

1. Paae 14. Resvonse 2: A bedrock elevation map-for the entire base must be constructed 
and included in the draft final IR report, Although the collection of aaditional data is not 
necessary at this time, the bedrock elevation map must portray the conJdence level of each _ 
contour through the use of dashes ana’ question marks or other standard symbols. 

-w 

Refer to item No. 5 in the Site Investigation section. 

2. Pape 14, Response 3: The water table and water level elevations should be depicted on 
cross-sections, Where suflcient data exists, flow sections shoula’ be prepared as well. For 
maps, areas of unsaturated overburden and posted water level elevations should be 
included. 

The Navy agrees to include the elevation of ground water on the geologic cross-+ 
sectionsand qualitatively the ground water flow directions (flow direction arrows) on 
all cross-sections in the Phase II RI Report. 

3. Pape 20, Remonse 31: The text should be changed that qualtjies the useability of the 
data. A suggested revision to the text is to include a statement indicating that the pump 
test data are not accurate due to the factors discussed in EPA’s November 12, 1991 
comment letter. 

The text in the Phase II RI will include a discussion of the useability of pump test 
data. 
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Section 4.0 - Nature and Extent of Contamination 

1. Paae 21. Resvonse 2: The collection of inorganic background samples for soils is an g 
important issue,since without background data, the Navy must consider all inorganics - 
detected as site contaminants. If it can be demonstrated that certain inorganics are 
naturally occurring (via comparison to site-specific background data), they need not be 
included in the risk assessment. 

In addition, the draft IR report contains several references to inorganic levels in soil that 
are “below background levels ‘I. Such statements must not be included in the draft final IR 
report unless site-spectjic background data are avaihzble. 

Background soil data will be collected. Please refer to item No. 2 in the General 
Observations section. 

2. Pape 21. Resvonse 3: Comments on the ARARs tables were oflered by Robert DiBiccaro 
of EPA Region I’s Oflce of Regional Counsel at the February 13, 1992 meeting. The Navy 
is encouraged to contact Mr. DiBiccaro at (617) 565-3449 with any additional questions 
or concerns in this regard. 

We have noted Mr. DiBiccaro’s comments and will be contacting him regarding 
additional ARAB questions that have arisen. 

3. Paae 24, Remonse 14: Table 4-2 needs to be updated as follows: 

l Barium has final MCI. ana’ MCLG of 2,000 ppb; 
l Copper has final MCLG and action level of 1,300 ppb; 
l Chloroform has a MCI. of 100 ppb Cfrom total trihalomethanes); and 
l Endrin has a proposed MCL of 0.2 ppb. 

In addition, the Navy’s response indicates that some of the state’s regulations are more 
stringent than EPA ‘s. The fact is that many states adopt EPA’s drinking water regUkZh'Om. 

when EPA promulgated new regulations based on new data, most states still use EPA’s 
old regulations. This seems to be the case for the State of Connecticut because all the 
values menn’oned here are EPA’s old standards. Therefore, it may be appropriate to cite 
EPA’s standards. 

Our previous response indicated that we will revise our tables to show the newer 
values. The State of Connecticut has indicated that we should use their existing 
standards not EPA’s new values and note that they may be revised in the future to 
correspond to EPA’s values. 

4. Pane 24, Resuonse 28(a): Response 29 in Section 3.0 does not respond to EPA’s query. 
- This sentence should be removed from the drafl final IR report until the Navy is able to 

present conclusive evidence that bedrock ground water does not discharge into North Lake. 
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This section of the report has been revised. 

5. Paae 27, Resvonse 32: An iiapproximate delineation of ‘hot spots’ of soil contamination” e-e 
is inadequate for determining soil contaminatiori_limits at a site. Additional data must be 
collected from this site to more accurately deJine the nature ana’ extent of contamination. 

This data will be collected during supplemental investigations to be performed at this 
site. 

6. Paae 27, Remonse 34: It was recently brought to my attention by EPA Region I’s Ofice 
of Environmental Review that the Navy is proposing to dredge 2.7 million cubic yards of 
sediment on an eight mile stretch of the i%ames River in order to provide su$icient channel 
depth for the SEA WOLF nuclear submarine. The Navy submitted a Draft Environmental 
Impact Statement (DEIS) in April 1991 which neglected to mention the existence of 
documented CERCLA hazardous waste sites at upgradient Cfrom the Thames River) 
locations on the base. Since it has been determined in the dra@ IR report that aokiitional 
information on sueace water and sediments is needed to fidly evaluate potential impact.? 
of the lower subase, Area A wetlands, downstream watercourses, DRMO, and ponds along 
the Thames Rivet the Navy may want to consider coordinating its sample collection e$orts 
pursuant to the proposed NEPA activities (see EPA’s July 15, 1991 comment letter on the 
DEISO with those underway as part of the ongoing CERCU/IRP program). 

To the extent feasible, the Navy will coordinate sample collection efforts between t& 
dredging and IR prograti. 

Section 5.0 - Contaminant Fate and Transport 

1. Paae 29. Remonse 6: EPA believes that analysis for all chlorinated dioxin/j&n 
compounds should be conducted, at a minimum, at locations where dibenzofurans were 
detected on the base. In addition, EPA has found through discussions with other Regional 
Federal Facility ofices, that dioxins andfirans are also being found at facilities were TCL 
“identifiers ” such as 2,4,5-ttichlorophenol, 1,2,4-trichlorobenzene, PCBs, and 
dibenzofirans, were not detected. This jinding is prevalent at areas where petroleum 
products (containing aromatic organic compounds such as benzene ana’ toluene) have been 
burned with chlorinated solvents such as PCE and TCE or other chlorine sources. 

The Navy agrees to test for dioxins during future field investigations at sites where’ 
dibenzofurans have been detecte-d. The five sites where dibenzofura-ns have been- ~I_ 
detected are Area A Lanm OBDA, Torpedo Shop, D~and-Foss Cove, Based 
upon the site histories, the only sites where petroleum products and chlorinated 
solvents may have been burned together are the DRMO and the former garbage 
incinerator. Incinerator ash from the former garbage incinerator was reportedly 
disposed in Goss Cove and Area A Landfill. 
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2. 

3. 

Page 31, Remonse 15: Please explain what is meant by “soil background levels”. As 
previously discussed, the Navy has not provided information on background contaminant 
levels at NSB-iW.ON. In addition, EPA does not allow use of published values for 
background levels of inorganics in soils. Site-specific a’ata must be collected to support 
such a finding. Additional maps and/or text must be provided to support the contention 
that there is an upgradient source of copper and lead contamination. 

As stated above, the Navy agrees to determine site-specific soil background levels. 
The Navy will provide additional text to support the contention that there is an 
upgradient source of copper and lead in the Phase II RI, if justified. Supplemental 
Step II investigations will include additional upstream surface water sampling to aid- 
in this determination. 

Paae 31. Remonse 17: Refer to comment on preceding page - page 29, response 6. 

Refer to response to comment on preceding page - page 29, response 6. 

Section 8.0 - Summarv and Conclusions 

1. Pape 34, Resoonse 4: EPA agrees that further discussion on this issue is warranted. 

The Navy agrees to perform additional investigations at these sites. Please refer to 
item 1 in the General Observations section. 

2. Paae 35. Resvonse 5: EPA agrees that Lfirrther discussion on this issue is warranted. 

The Navy agrees to perform additional investigations at these sites. Please refer to 
item 1 in the General Observations section. 

3. Paae 35. Response 7: Refer to comment on preceding page. 

The Navy agrees to sample for dioxins and furans at sites where dibenzofurans have g 
been detected, Please refer to response 1 in the Contaminant Fate and Transport 
section. 

4. Paae 35, ResDonse 9: Refer to comment on preceding page. 

Sediment sampling in this location will be included in future work plans and these 5 
investigation efforts will be coordinated with those for the dredging project to the 
extent feasible. Study of the “ball field” underground tanks and possibly any s&nent 
sampling in this location will be done under a separate contract and not included in 
the IR report. EPA and CTDEP will, however, be kept informed of all Navy activities 
regarding contaminant investigations associated with management of these 
underground tanks. 
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5. Paae 36, Resuonse 10: EPA agrees that further discussion on this issue is warranted. 

The Navy agrees to perform additional investigations at this sge. Please refer to 
response 1 in the General Observations section. 

6. Paae 36. Resuonse 14: EPA disagrees. Cross-sections and flow nets are fundamental 
tools in portraying the extent of contamination, especially in ground water and must be 
included in the draficfinal IR report. 

The Navy agrees to qualitatively show ground water flow directions on all cross- 
sections in the Phase II RI. Please refer to item 2 in the Characterization of Study 
Area section for further details. In our discussion, we came to a general agreement 
that the available data would not allow the development of detailed flow nets. 
However, ground water flow direction would be added to future geologic cross- 
sections. 

7. Paae 37, Response 16: Refer to comment on preceding page - Page 29, Response 6. 

The Navy agrees to sample for dioxins and furans at sites where dibenzofurans have 
been detected. Please refer to response 1 in the Contaminant Fate and Transport 
section. 

8. Paae 37. Resuonse 18: This response suggests that several data collection efforts will be 
delayed until the FS stage, including wetlands delineation, further definition of the nature - 
and extent of contamination, ana’ other activities. This strategy is unacceptable. As stated I 
in EPA ‘s “Guidance for Conducting Remedial Investigations and Feasibility Studies under 
CERCLA “, a clear objective of the RI is to “determine the nature and extent of g 
contamination”. The FS then relies on the RI to determine the waste types, volumes and 
concentrations. It is recommended that the Navy redirect their eflorts to proceed with a 
Phase II RI, prior to the submittal of the draft FS report, in accordance with the RUFS 
guidance. 

The Navy agrees to perform the wetlands delineation as part of the Phase II RIFE 

Presently, the FS report is on hold pending completion of the RI including the further 
definition of the nature and extent of contamination, and other items requested by the 
USEPA. 

9. Paae 38. Resuonse 19: Refer to comment on page 5 - page 29, response 6. 

The Navy agrees to sample for dioxins and furans at sites where dibenzofurans have 
been detected. Please refer to response 1 in the Contaminant Fate and Transport 
section. 
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Appendices 

1. Auuendix A. Page 39: The depths of the soil gas samples shoula’ be provided in the 
Appendix A tables. 

The depth of the soil gas samples was three feet at all locations except at the Lower 
Subase. At the Lower Subase, the depth was 12-18 inches at all locations. 

2. Auoendix E. buendix F-l, Amendix F-2, Pape 40: The Navy did not respond to these 
comments. A response at your earliest convenience is requested. 

Aunendix E: The Phase II RI Report will provide justification in the risk assessment 
text for the exclusion of samples from some human health risk assessment scenarios. 

Anuendix F-l: Fish were not observed in the-Area A Yetlands. However, an i 
assessment for the presence of fish and other aquatic receptors will be included in our C 
supplemental Step II investigation work plan for this area. 

Annendix F-2: The units for these tables, ug/kg or ppb, were inadvertently left off 
the copies reproduced as Appendix F-2. 

-- 
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RESPONSES TO EPA’s COMMENTS 
ON HUMAN HEALTH RISK ASSESSMENT &i 

-4 

General Comments 

1. Although a majority of the outstanding issues were discussed at the February 13, 1992 
meeting in Boston, the Navy chose not to respond in writing to most of the issues raised 
in EPA ‘s November 12, 1991 comment letter. Therefore, many of EPA ‘s initial concerns 
with regard to the human health risk assessment are still relevant and the risk assessment 
portion of the draJ IR report inconsistent with EPA guidance ana’ policy. 

Subsequent to the February 13, 1992 meeting, the Navy’s response to EPA’s 
comments on risk assessment were transmitted to TRC members on March 26,1992. 
The Phase II RI Report will address issues that EPA Region I considers inconsistent 
with their guidance and policy. Specific issues that wili be addressed include assessing 
risks due to ground water, collection of background samples for inorganics, and use 
of specific exposure parameters and toxicology data as required by EPA Region I risk 
assessors. 

Specific Comments 

1. Paae 1, Response 3: A quantitative risk assessment is necessary to establish a baseline 
assessment of potential n’skr to public health from exposure to site ground water. A 
comparison of ground water quality to ~LXLS does not adequately evaluate potential health 
eflects due to the fact that: 1) MCLs are not solely health-based, 2) such a comparison 
does not take into account the combined eflects of multiple chemicals present, and 3) AKLs 
may not be available for all contaminants detected. 

The Navy agrees to perform a baseline quantitative risk assessment regarding ground 
water ingestion. 

2. Paae 2. Resnonse 4: As previously discussed, the collection of inorganic background 
samples for soils is an important issue, since without background data, the Navy must 
consider all inorganics detected as site contaminants. If it can be demonstrated that 
certain inorganics are naturally occurring (via comparison to site-spec@c background 
data), they need not be included in the risk assessment. 

In addition, the dra@ IR report contains several references to inorganic levels in soil that 
are “below background levels “. Such statements must not be included in the draftJina1 IR 
report unless site-spectpc background data are available. 

The Navy agrees to develop background levels for soil. 
-a 
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3. Paae 2. Resnonse 5: Some discussion on the distribution of the data should be provided 
in the text of the draft cfinal IR report. 

The Phase II RI will include a discussion of data distribution. 

4. Page 4, Response 11: There appears to be confusion about the intent of this comment. 
Response (b) speak specifically to average times in the risk assessment equation. The 
Navy response, on the other hand, addresses exposure frequency. Also, there appears to 
be a miscalculation in comment (d). lhe 1.2 l/&y risk calculation is incorrect based on 
EPA’s 2.6 hour per day and 0.13 l/day ingestion rate. Please revise. 

(b) Because the terminology in the 1991 draft IR report varied slightly from 
terminology given in EPA guidance (EPA, 1989) some confusion arose in the 
interpretation of the values given in Tables 6-3 to 6-23 regarding the averaging time 
for non-carcinogenic risks. 

I EPA Guidance Terminology 1991 Draft IR Report Terminology 

Exposure frequency (EF) 

Exposure duration (ED) 

Averaging Time (AT) 

Exposure duration 

Average lifetime exposure 

Note how these parameters are slightly different. For example, EPA guidance gives 
the following equation to estimate daily intake due to the incidental ingestion of 
contaminated soil : 

Intake (mg/kg-day) = CSxIRxCFxDFxEFxED 
BWxAT 

Where CS = chemical concentration in soil in mg/kg 
IR = ingestion rate in mg/day 
CF = a conversion of factor of lo4 kg/mg 
DF = a desorption factor 
EF = exposure frequency in days/year 
ED= exposure duration in years 
BW = body weight in kg 
AT = averaging time in days 

For estimating daily intake of non-carcinogens for a utility worker, we used the 
following equation in the 1991 Draft IR Report: 

ADD or Intake (in mg/kg - day) = CSxIRxCFxDFxExn 
BW x Ave Period 
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Where: 

Exp = the average number of days a year that an activity occurs 
Ave Period = the number of days in a year (365) 

4 

Comparing the portion of the equations that differs demonstrates that both equations 
give the same result: 

EFxED = Exp 
AT Ave Period 

If for example, EF = 5 days/year and ED = 20 years, then AT = 20 years x 365 
days/year in the EPA guidance calculation. In the 1991 Draft IR Report calculation, 
Exp = 5 days and Ave Period = 365 days. The resulting fraction given by both 
equations is 5/365. 

(d) The surface water ingestion rate of 1.2 l/day for children swimming that was 
presented on Table 6-11 was adjusted in the spreadsheet calculations to account for the 
number of hours per day spent swimming. Therefore, the rate used in the risk 
assessment was correct. This will be explained and clarified in the risk assessment text 
of the draft final IR report and will be indicated on the tables and spreadsheets. 

5. Paae 4. Resoonse 15: Refer to comment on preceding page - page 1, response 13. 

An assessment of risks due to contaminated ground water will be performed and -4 

included in the Phase II RI Report. 

6. Paae 5. Response 17: The 100 mg/akzy ingestion rate for soil must be used and, therefore, 
the spreaakheets must be changed. A discussion in the narrative section of the report is 
inm$icient. In addition, the zonal approach discussed in this response should be reiterated 
in the risk assessment text of the draft Jnal IR report. 

The Navy agrees to recalculate the spreadsheets using the recommended value. Use 
of the zonal approach will be discussed in the Phase II RI Report. 

7. Pape 5, Response 19: There appears to be conjkion with regard to the intent of this 
particular comment. EPA is concerned about the surface water ingestion rate reported, 
not the permeability constant. Please respond accordingly. 

As stated for Page 4, Response 11(d), the surface water ingestion rate of 1.2 l/day for 
children swimming that was presented on Table 6-11 was adjusted in the spreadsheet 
calculations to account for the number of hours per day spent swimming. This will 
be explained and clarified in the risk assessment text of the draft final IR report and 
will be indicated on the tables and spreadsheets. The effect of using 4 hours per day 
as the time a child spends swimmin g rather than the 2.6 hours/day in the guidance 
is to provide a slightly more conservative assessment of risk. 
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8. Page 6. Remonse 23: This response is inadequate. Were soils slightly below, at, and 
above the 15 foot depth included in the calculation of exposure point calculations? 

For the Phase II RI Report, we will check that soil samples from slightly below a 
depth of 15 feet (say to a depth of 17 feet) were used to calculate exposure point 
concentrations in areas where utilities may be buried at 15 feet. If such soil samples 
are available, they will be included in the calculations of exposure point concentrations 
for utility workers. 

9. Pane 7. Response 29: The Navy’s response indicates that there is some uncertainty with 
regard to the dtgerence between exposure frequency, exposure duration or average hem?. 
EPA requests that the Navy submit complete equations and the parameters that were used 
for each calculation. The response for this comment clearly indicates that calcuhzh’ons for 
noncarcinogenic risks are incorrect. 

The calculations of non-carcinogenic risks were correct, but the explanation of these 
calculations that was given in response to EPA’s comments of November 12,199l may 
not have provided enough detail. PIease refer to the response to the comment (Page 
4, Response 11(b)). The equations and parameters used will be presented in draft 
final IR report. 

10. - Pape 7. Remonse 30: As discussed at our February 13, 1992 meeting in Boston, the 
surrogate Rps used by the Navy to calculate risk for compounds without Rjas are 
inappropriate for the reasons discussed below, 

The Navy claims that structure activity analysis was used for calculating surrogate Rps. 
Current EPA guidance requires that the contractor submit all documentation suppom’ng 
its proposed structure activity analysis approach to EPA’s Superfund Technical Center 
(STC) in Environmental Criteria and Assessment Ofice located in Cincinnati, Ohio, 
through EPA Region I’s risk assessor for approval prior to its use in perjorming a baseline 
risk assessment. This issue has been discussed with STC for the approptiateness of the 
surrogate RJDS assigned by the Navy. The STC has provided the Region with the technical 
papers for the provincial RfDs for the chemicals in question. A copy was sent to the Navy 
and its contractors. with the exception of methylnaphthalene, none of the information 
received to date supports the values presented in the draft IR report. 

The use of incorrect surrogate Rps does not make the baseline risk more conservative, 
rather, it misinterprets the risk. If the compound is already a carcinogen, the carcinogenic 
risk is more of a concern than the noncarcinogenic risk. The use of surrogate Rps belies 
a degree of certainty that is misrepresentative to the reader and should not be inferred. 

?Vth regard to noncarcinogenic PAHs, it is EPA Region I’s policy to use the verified Rps 
on IRIS for noncarcinogenic eflects. If the Rfd is not available, the HEIST annual N 91 
value of 4.00 E-3 mg/kglday for naphthalene is to be used for all other noncarcinogenic 
eflects of PAHs. 
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The spreadsheets will be m-calculated in the Phase II RI Report using only verified 
RfDs on IRIS. For non-carcinogenic PAHs that do not have verified RfDs, the 
HEAST annual FY’ 92 value for naphthalene will be used. We pointed out during 
our discussions with EPA Region I that naphthalene was probably not an appropriate 
compound to use as a surrogate, based on available scientific data. However, we will 
conform to EPA Region I’s request to use naphthalene as a surrogate. 

11. Page 8. ResDonse 33: Refer to preceding comment - page 7, response 30. 

Refer to response to preceding comment. 

12. Page 9. Remonse 34: Refer to preceding comment - page 7, response 30. In addition, 
these human health risk assessment issues must be resolved prior to the submission of the 
draft f%uzl IR report. Presentation of the “new CPF value for BaP” in the FS is 
unacceptable. EPA cannot review a draft FS until the outstanding RI (baseline risk 
assessment) issues can be resolved. 

In addition, the 5.8 per kg/mg/day cancer potency factor for benzo(a)pyrene is for an oral 
route. It is inappropriate, therefore, to use this oral CPF or the old 6.1 per mg/kg/day 
inhalation CPF for an inhalation pathway. 

Refer to preceding comment regarding RjDs for noncarcinogenic PAHs - page 7, response 
30. 

Refer to the response to Page 7, Response 30. 

In addition, the Cancer Potency Factors (CPF) for benzo(a)pyrene that are in IRIS 
at the time the report is completed will be used to calculate human health risks for the 
draft final IR report. If there is no benzo(a)pyrene CPF for the inhalation pathway, 
we will use the most up-to-date value in the HEAST tables. We will also discuss the 
implications of applying a relative potency approach for PAH compounds. This 
discussion will be part of the uncertainty analysis. 

13. Paae 10. Remonse 35: EPA’s comment addresses the inadequacy of deriving Rfdfor lead 
from drinking water standards. In other words, the risk from lead exposure should be 
addressed qualitatively. As previously, this model should be used to estimate lead target 
cleanup levels in soil for areas with exposure scenarios where lead is an issue in the dra_fr 
final IR report. not the FS. 

We will use the IUBK model to discuss target cleanup levels of lead in soils. This 
information and the risks due to lead in soils will be discussed qualitatively in the 
Phase II RI Report. 

14. Page 11. Remonse 36: Please provide documentation that supports the Navy’s finding 
that none of the Rps or CSFs for the compounds of interest in this site have been changed. 
Has a comparison actually been conducted between the FY 90 and FY 91 HEAST? 
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The values used for the Phase II RI Report will be the most up-to-date on IRIS or 
HEAST at the time the report is complete. 

15. Paae 11, Response 38: Average time for the calculation of exposure dose for 
noncarcinogens is equal to exposure durations. It should be site-specific or 30 years. The 
Navy’s response indicates that the calculations for noncarcinogenic risks are incorrect for 
this site. Whether the exposure duration is standard 30 years or site-spec@c, the average 
time should be the same as exposure durations for noncarcinogens. Please refer to EPA’s 
guidance on human health risk assessment for additional infOn?IQhbn in regard to this 
matter. 

As stated previously, the calculations of non-carcinogenic risks were correct in the 
draft IR report, but there was some confusion because it used slightly different 
terminology, particularly in regard to averaging time. Please refer to our response 
to Page 7, Response 29. 

16. Pane 11, ResDonse 39: The text of the risk assessment in the draftjnal IR report should 
include a discussion of the zonal approach. 

A discussion of the zonal approach will be included in the Phase II RI Report. 
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RESPONSES TO EPA’s COMMENTS 
ON ECOLOGICAL RISK ASSESSMENT 

General Comments 

1. Overall, the response by the Navy to EPA comments pertaining to ecological risk 
assessment are adequate. It is obvious that further study of ecological impacts at this site 
is warranted, primarily in the Area A wetlands, downstream watercourses, ana’ ponds 
along the Thames River. 

Additional study of ecological impacts at this site are planned as part of a 
supplemental Step II work plan. 

SpecQk Comments 

1. Paae 12, Response 42: The discussion of potential ecological risk from environmental 
media at the CBU Drum Storage Area and OBDAi’W site should clarify the reference to 
“very low concentrations” and provide the rationale for excluding these sites from further 
ecological risk assessment. 

The discussion of potential ecological risk from environmental media at the CBU 
Drum Storage Area and OBDANE sites that will be included in the Phase II RI 
Report will discuss what is referred to as “very low concentrations”: and provide the 
rationale for excluding these sites from further ecological risk assessment. 

2. Paae 14. Response 49: A recent site visit (March 31, 1992) to the downstream ponds and 
watercourses also found that these areas appeared barren and devoid of aquatic organisms 
(pam’cularly in the lower pond). It is strongly recommended that a benthic invertebrate 
survey be developed and conducted within these areas in conjunction with the additional 
sampling eflorts proposed for the Phase I. RI work plan. 

A benthic invertebrate survey will be developed and conducted in the Area A 
downstream ponds and watercourses as part of the additional sampling efforts 
proposed for the supplemental Step II work plan. 

3. Pape 14, Resoonse 52: It is hoped that with fiture consideration, the reason for the lack 
of species types and number associated with wetland A and downstream watercourses and 
ponds, will be addressed. A determination should be made, whether it be habitat 
requirement related or proven to be caused by contaminants, should be clearly assessed. 

A survey of benthic and aquatic invertebrates will be developed and conducted in the 
Area A downstream ponds and watercourses as part of the additional sampling efforts 
proposed for the supplemental Step II work plan. 
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4. Paae 15, Remonse 57: Given that additional sampling is necessary in the areas 
concerned, the request for actual TOC determination to enhance the accuracy of the risk 
assessment seems reasonable. The questions of available data alluded to in the response 
could be eliminated in this manner. 

The supplemental Step II work plan will include collection and analysis of pond, 
wetland, and downstream watercourse sediment samples for TOC. 

5. Paae 16. Resoonse 59fi): I%e sampling location of the frogs allows for approximation of 
CO?Idih'Om in a small area of the actual wetland area. Further assessment should be 
conducted, not only in the Area A ponds, but in the downstream watercourses exiting from 
the wetlands area. This would provide a much better representation of the wetlanaIs. 

Sampling of additional aquatic receptors such as frogs will be included in the 
supplemental Step II work plan. This additional assessment will cover the ponds and 
downstream watercourses. 

6. Pape 17. Response 65: Refer to above comment. 

Sampling of additional aquatic receptors such as frogs will be included in the 
supplemental Step II work plan. This additional assessment will cover the ponds and 
downstream watercourses. 

7. Paae 19. Remonse 77: The Navy’s response only addresses terrestrial exposure 
assessment issues. Although it is acknowledged that at this time it may not be possible to 
assess every exposure, it would be appropn’ate to examine the other major exposure 
scenan’os, i.e., sut$ace water and sediment ingestion. 

A qualitative discussion of other exposure routes for mammals, birds, and aquatic 
birds will be included in the Phase II RI Report. 

- 
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NAVY’S RESPONSE TO EPA’S COMMENTS 
OF NOVEMBER 12, I991 (MARCH 20, 1992) 



NAVY RESPONSES TO EPA’S COMMENTS (NOVEMBER 12,199l 
ON DRAFT IR REPORT (AUGUST 1992) 

SECTIONS 1.0, 2.0, 3.0, 4.0, 5.0,8.0 
& PRELIMINARY REMEDIAL TECHNOLOGY 

General Comments 

1. Torpedo Shop: MK3, TB3 and TB4 locations are all shij?ed from the proposed plan. 

The 7TB3 and 7MW3 locations were switched so the well could be located within the 
central portion of the septic system as a better screening of ground water quality. The 
7TB4 location was slightly revised due to an elevated soil gas reading at SGl5. 

2. Goss Cove: An upgradient well was proposed, but none was installed. Of all the borings 
and wells proposed, only TB-3 was installed at the proposed location. 

An upgradient well could not be installed as proposed because bedrock was 
encountered and ground water was not present; it was replaced with a test boring. A 
bedrock well was outside of the scope of the Step I investigation. Although other well 
and boring locations were modified, the same spatial distribution of testing was 
achieved. Locations were changed predominantly due to utility and land development 
conflicts. 

3. Spent Acid Storage Area: GPR and probing of the tank was proposed, but results of those 
activities are not documented in the report. 

The GPR testing was conducted in the area previously thought to be the underground 
tank; no tank was found and these results are provided in the Geophysical Report. 
Subsequent to the GPR testing, the actual tank was visually located in the field at the 
locations indicated in this report. One sample was collected from within the tank as 
described on page 4-47. 

4. Area A: Two soil samples were supposed to be collected from each offive borings, but only 
one was collected from Mw7. 

A soil sample was collected from 2LTB2, in an area of elevated soil gas measurement. 
A sample from 2LTB2 was not planned, and replaced one sample from 2LMW7. 

5. Area A Wetland: Two sueace water samples were specified in the Plan ofAction, but based 
upon review of the report, none were discussed in the report. 

Refer to pages 2-33, 4-66 (Figure 4-16), 4-118, and 4-121 of the report, which indicate 
that two samples were collected. 
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6. Area A Wetland: Five soil samples per boring were proposed for borings 2 WTBI to 2WTB8 
(for a total of 40 samples), but only 24 were collected, according to Table 4-24. -4 

Boring 2WTB4 was located on a bedrock knoll within the wetland area, and only one 
sample was collected above the bedrock surface. Borings 2WTB7 and 8 encountered 
refusal prior to original planned depth, therefore, the number of samples were reduced. 
Several other borings encountered water and root matter in the 0 to 4 foot interval, 
therefore no samples could be collected. 

z Area A Downstream: Oniy one surface water/sediment sample was collected at North Lake, 
rather than two as indicated in the Work Plan. 

The second sample planned for North Lake was relocated to a location near Triton 
Avenue to provide better coverage of that watercourse. Other Navy analytical data was 
available for North Lake which was used to assess the lake. 

8. DPDO (DRMO): The two battery storage area surface soil grab samples and eight of the 
proposed borings were not perfomted as specified in the Field Sampling Plan. 

The two surface soil samples (6SS3 and 6SS4) were collected; these locations were 
revised slightly based on site conditions. All borings proposed wete completed at this 
site. 

9. Lower Subase: of all the wells proposed, M-I, 2, 3, 7, IO, 14 and I5 were placed in their ~4 
proposed locations, the rest were not Of all proposed ground water samples, sample WE2 
was omitted A 48-hour pumping test was proposed, but was not performed 

The locations of most wells at this site were adjusted due to extensive utility conflicts 
in this area. Ground water sample WE2 was omitted because the well had been 
destroyed. A pumping test was proposed because it was anticipated that a product 
recovery system was likely required at this site. Based on the lack of measurable oil 
product encountered, this test was postponed and may ultimately be eliminated. 

IO. The Navy indicated to EPA in the March 6, I99I response to comments letter, that a study 
of tidal fluctuations was per$ormed (comment DPDO 3, page 5). These results and the 
methodology used should be included in this report. 

The tidal cycle survey is discussed on pages 3-42 and 3-48 of the report. 
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PaPe Specific Comments 

SECTION 1.0 - INTRODUCTION 

I. 

3 -. 

3. 

4. 

5. 

Page i, Table of Contents: Section I-2.5.8 should indicate the Area A Landfill, Area A 
Wetland and Area A Downstream Watercourse. 

Section 1.258 of the report is Area A; the landfill, wetland and downstream 
watercourses are unnumbered subsections of 1.258, and therefore do not require 
inclusion in the Table of Contents. 

Page I-I, V 3: This paragraph should indicate that NSBNLON was proposed for listing 
on the National Priorities List on October 26, I989 and was listed on August 30, 1991. 

The change will be made. 

Page l-5, Section 2.2.3. I: Is there a map or a better definition of which areas of the base 
fall under the different ground water classifications? 

A map can be prepared to delineate the ground water classification and included in the 
report. 

Page I-6, Figure I-3: A legend on this figure should be included to indicate current public 
water supplies. 

The two water supply wells shown are current and active; a legend will’be added for 
clarification. 

Page l-7, Section 1.2.5: The report should indicate that jive (5) sites were dropped from 
the LAS and the reasoning for their elimination. 

The IAS identified 16 sites of potential contamination. The hazardous waste storage 
facility, the oily wastewater tank and the hospital incinerator, Sites 5, 9, and 16, 
respectively, were operational at that time and were dropped from the IR program. 
Since that time, Sites 9 and 16 have been taken out of service and will become a part 
of the study. 

Three lower base sites, the fuel oil storage tanks, the power plant oil tanks and 
building 79, waste oil pit, Sites 10, 11, and 13 respectively, have all been identified as 
one site, Site 13. The type of investigation required was the same for all of then and 
due to their close proximity it was determined to combine the investigation of these 
three sites into one. 
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6. 

7. 

8. 

9. 

IO. 

Il. 

12. 

13. 

Page I-9, Section 1.2.52: The approximate size of this site should be included in this texz e 

The size of this site is approximately 15 feet in width by 30 feet in length. This will be 
added to the text. 

Page I-13, Figure I-7: This figure refers to both the north and south system leaching fields, 
but there is nothing in the text in Section 1.2.5.3 on page I-12 which identtfies these systems. 
Please clarify. 

The text will be clarified to provide approximate reference to these systems. 

Page I-16, TI I: 7hi.s paragraph should include a brief statement when construction of the 
Nautilus Museum occurred 

This will be provided. 

Page I-21, ll 3: (a) This paragraph indicated that based on the LAS report, the landfill 
opened sometime before I957. However, this ofice is in receipt of aerial photographs, one 
of which is dated Aptil IO, 2957, copies of which have been forwarded to your ofice. 
Review of this aerial clearly indicates that there is no activity in the landfill area in 1957. 

The report will clari@ that although the IAS report indicated landfilling prior to 1957, 
aerial photographs indicated a somewhat later startup date. 

4 
(6) This is the first mention of the base incinerator. A very brief discussion of the 
incinerator should be included, e.g. location, type of wastes burned, etc. 

The incinerator was discussed in the IAS report, but a brief discussion will be provided 
in this report. 

Page l-21. ll5: The report provides infomtation relative to a concrete pad Is the pad still 
existing? Is the pad located at Building 373? This information should be provided in the 
report 

The pad is still in existence. The pad is located adjacent and to the northeast of 
Building 373, and south of the dirt road that extends through the area. 

Page I-21. fi 6: This paragraph should also make reference to information contained on 
page I-3 in the Step LA Vertfication Study, namely, that “when a battery was overhauled, 
spent sul’ric acid solution was traMerred to barrels and transported to Area A for 

disposal, The acid was pored into trenches dug with a bulldozer and subsequently covered 
with soil. ” 

This addition to the report will be made. 

Page Ii23, II I: As noted in a previous comment, review of the April I957 aerials did not -, 
indicate any activity in this area Also, is the approximate quantity of dredge spoils which -w 
were deposited in wetland known? 



The text will be revised to indicate disposal sometime in the late 1950s. There is no 
records of approximate quantity of dredged material. Estimates of the total volume of 
sediments in the wetland, based on the boring log information, is 1,170,OOO cubic yards. 

14. Page l-23, ?l 5: During a previous site visit, the condition described in this paragraph 
relative to the potential for ground water from the stream to discharge to North Lake was 
examined. I had questioned the need for this ove$ow, since there &ts another overfIow 
structure on the southwestern comer of North Lake. It was felt that the possibility of water 
from the stream discharging to North Lake should be eliminated through the capping pipe. 

This condition has been previously acknowledged and a recommendation wiil be added 
to Section 8.0 to provide for eliminating this overflow pipe. 

15. Page i-38, last ll: This sectin should also note that during the summer season, the water 
in North Lake is chlorinated. 

This addition to the report wiil be included. 

I6. Page l-44, Table l-6: A figure should be included to show the sampling locations at North 
Lake. 

The exact locations of the previous Navy sample results is not known. The 
water/sediment samples were obviously collected from within the lake, which is rather 
small (less than 300 feet in diameter). The beach sand samples were collected from the 
beach on the east side of the lake. 



SECTION 2.0 - SITE INVESTIGATION -4 

I. Pace 2-2. ll 4: This paragraph states the detection limits for volatile organic and semi- 
volatile organic compounds using CLP methods are I ppb for aqueous samples. However, 
sample quantitation limits of S to 50 uglL @pb) are listed in Table 2-I. Although some 
anaiytes are detectable below these concentrations, it should be noted, that several analytes, 
notable vinyi chloride and substituted phenols, will likely not be detected at I ppb without 
significant modification to the method. Additionally, hkton’cal precision and accuracy data 
is not applicable to concentrations below the quantitation limit. 

The report will be modified as follows: 

“Actual laboratory detection limits are in some cases lower than the CRQLs listed in 
Table 2-1 due to instrument capabilities. Values reported between this level and the 
CRQL are estimated by the laboratory.” 

2. Pace 2-2, ll 5: It k unclear whether the detection limits used in the risk assessment (non- 
detect samples) were those stated in this paragraph or those provided in Table 2-I @age 2- 
3). In some cases, the difference in detection limits is an order of magnitude (Le., I vs. 10). 

Treatment of non-detects for the risk assessment is described in Section 6.1.1. Values 
used varied based on the media of concern and in some cases chemical constituents. 
CRQLs from Table 2-1, when available, where used in the risk assessment. =ti 

3. Pane 2-10, !I I: This office was not able to review the results of the geophysical 
investigations, since this report has not been made available. It ti recommended that the 
Navy provide this report to EPA for review. 

This report will be provided. 

4. Paae 2-11, YJ 1: Soil gas calibrations for VOCs were pe$onned using non-standard 
techniques which were not specified in the Plan of Action. Atlantic prepared calibration 
standard using either a benzene in air standard or a headpace standard of a mixnue of 
components in water The use of headspace aqueous mixtures is not adtied. A standard 
m&e of volatile components in air should be utilized to calibrate the instrument for future 
soil gas investigations. 

Samples were compared to headspace standards so data could be used qualitatively, 
i.e. compound identification be retention time comparison. Values provided for various 
components were used for purposes of relative quantitation, i.e., there is more VOC 
contamination at Point A than Point B. It was stated in the Plan of Action that 
headspace aqueous standards would be used. It was also stated that soil gas would be 
used as a screening tool for refinement of the boring program; this was accomplished. 
Per your request, Atlantic will utilize a wider range of compounds of interest in air 
during any future soil gas investigations at the Navy. 

5 An estimate of the approximate air concentrations (jpb vlv) of the aqueous headspace 
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standards should be provided to EPA to allow a review of the data generated from soil gas 
surveys conducted to date 

This was not specified in the work plan and would not provide a significant 
contribution to the project at this time. Exception is taken to this request. 

6. This section describes the component identification and quantitation technique. This 
discussion should be expanded to describe how data from the quality control samples was 
utilized, including acceptance cn’teti for duplicates, background samples and calibration 
standards. The text should be expanded to include component identification criteria. 

Background and calibration blank samples were considered acceptable if no peaks were 
generated. Duplicate samples were judged subjectively due to the impossibility of 
collecting a soil gas duplicate with a great degree of precision. Acceptance criteria for 
standards do not exist because retention times and response factors are rate dependent. 
These are variable with a system that operates in different weather conditions and must 
be set-up and shut-down on a daily basis. Due to this, standards were run frequently, 
averaging one per five samples analyzed. 

Since soil gas was used primarily as a screening tool, vigorous QA/QC was not 
undertaken. However, the QA/QC which was performed exceeded that stated within the 
work plan. Compound identification was made subjectively based upon a close match 
of retention times. Retention time windows have not been established due to potential 
fluctuations based upon weather and instrument flow conditions. 

7. The caiibrants did not include either 1,2-dichloroethene isamers or vinyl chloride which are 
major degradation products of tetrachloroethane and trichloroethane. Since the latter were 
found at some of the sites surveyed the impact of this omission on the reported soil gas 
data should be evaluated and discwed 

The soil gas GC is used in the field as a rapid cost effective screenage tool. For this 
reason the GC parameters are set such that runs were not excessively long, without 
compromise regarding peak separation. Vinyl chloride would be an early-eiuting peak 
and would come out too early to distinguish it form other, unknown, early-eiuting 
peaks. 1,2-DCE would be very difficult to distinguish from l,l-DCE, which was one of 
the standards used. 

Generally speaking, vinyl chloride and 1,2-DCE are often found concurrently with 
solvent products, as indicated in sample 6TB4 (6-S) at DRMO. It is possible that the 
extent of solvents were not accurately delineated by soil gas due to the difficulty of 
detecting vinyl chloride and 1,2-DCE as described above. However, the primary goal 
of the soil gas survey was to find “hot spots” of contamination as a site screening. 

8. The last paragraph states that soil gas quantitation “... took all soil gas peaks into account.” 
It is unclear whether peaks which did not match calibration standard retention times were 
also included in the reported concentration. 

Unknown as well as identifiable peaks were taken into account. This provided a simple 
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method for giving a total volatile organic vapor reading for each sampling point. 4 
However, very eariy-eiuting peaks (pre-l,l-DCE) were not included due to the 
possibility of producing a falsely high soil gas hit due to natural rather than 
contaminant organics. 

9. Paae 2-12: The relationship of peak area to analyte concentration (vlv in air) should be 
provided in addition to the absolute peak area and concentration classifications shown in 
the table at the top of the page Assignment of an air concentration allows the data to be 
compared to that obtained at other Superfund sites. 

Refer to response for Item 5. 

10. AaQiitional&, Appendix A should be retied to include all standard and sample 
chromatograms for the soil gas survey. This data should be provided to EPA to allow 
vetification of the conclusions of the surveys. 

Atlantic will provide ail sample and standard chromatogwms to EPA. Due to the 
volume of this data, this information will be given to EPA and any other interested 
parties, rather than included in Appendix A. This information is provided to the EPA 
as Attachment 1 to these responses. 

Il. Paae 2-12. II 6: The sentence states that < I %-inch hollow stem augers were used to drill 
soil borings, but does not state whether this dimension is inside or outside diameter. The 
difference is important in determining the drilled diameter for inputing slug test analysti w 
models. 

The hollow stem augers used to drill soil borings were 4.25 inches inside diameter and 
had an outside diameter of approximately 8 inches. Appropriate modifications to the 
text will be made. 

12. Pape 2-13, 7 3: The rationale for the selection of each subsutface soil sample sent out for 
laboratory analysti should be provided It should be brief and possibly be supplied in table 
f 0m. 

The rationale for selection of the subsurface soil samples for laboratory analysis are 
provided under the comment heading in the tables summarizing the soil sampling 
program in Section 2.0 

13. Pane 2-23. Section 2.8: The following are general comments relative to the ground water 
investigation that was conducted at the NSB-NLON: 

(I) The fragmentation of ground water information according to individual sites 
or study areas creates confusion. It is recommended that the Navy approach 
the project by first looking at the base as a whole. Ditiions within the base 
shouid be on the basis of the Northern St.&se Watershed Area and the 
Central/Southern Subase Watershed Area (see Fig. 3-5) Then each site 
should be appropriately discussed in right of its location and impact on the 
watershed in which it &ts. 
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Consistent with the above comment on base and basin-wide approaches to 
the project, the ground water investigation (Section 2.8) would be greatly 
improved if ground water potentiomet?ic suface maps were constructed for 
the base as a whole and for the individual basins. These maps should also 
include the following: 

(a) surface elevation data from ponds located within the mapped areas; 

(6) ground water level data from wells located outside the base property; and 

(c) plots of ground water divides (to determine whether the ground water divides 
coincide with the suqace water divides. 

Further discussion will be provided in the text regarding specific site locations within 
the two watershed areas. This will be based on known ground water flow direction 
supplemented with assumptions on ground water flow based on available topographic 
and subsurface geologic information. However, the Navy takes exception to developing 
a ground water flow map for the entire base, which would require significant additional 
data on ground water elevations, which we feel is not necessary to accurately 
characterize the investigations at the site. Further ground water monitoring wells are 
proposed for Area A and the Torpedo Shops, and for the Step I sites recommended for 
Step II investigation, which will further establish ground water hydrology and quality. 

14. (3) The Navy should install continuous water level recorders in the following areas: 

(a) in places along the borders of the base that may be within the ar&s of injluence 
of nearby ptivate wells; and 

(b) in welt’s near North Lake to determine whether North Lake is a discharge area 
for contaminated ground water. 

Further assessment of ground water tlow has been recommended for Area A. These 
comments will be considered in the preparation of the Field Investigation Plant for this 
work. 

15. Paae 2-26: The water level and bedrock elevations on this table should also be displayed 
using a contour map. If additional water level measurements were collected on subsequent 
days, these data should also be reported. 

Refer to comment 13 for this section and comment 2 for Section 3.0. In Atlantic’s 
review of this table, several errors in bedrock elevation were noted which will be 
corrected. No other ground water measurements data have been collected. 

16. Due to the proximity of the NSB to the ocean, it is likely that variation in water level 
elevations occurs continuously throughout the day. The texz of this report does not describe 
what effbrts were made to quantify this behavior or to correct ground water elevation data 
for it. 
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18. 

19. 

20. 

21. 

22. 

Refer to General Comment 10 on tidal survey. The only sites projected to have water 
level impacts due to tides are DRMO, Lower Subase, and Goss Cove. Our evaluations 

4 

of the Lower Subase indicates tidal effects are limited to approximately 200 feet inland 
from shoreline. 

Paae 2-27: The screen length and screened interval shown for well 2DMWl6S do not agree. 
These values should be corrected 

Upon review of the original boring logs, it has been determined that a ten foot screen 
was used in 2DMW16S and, therefore, the elevation of the top of the screened interval 
is 13.91 and not 24.91 as previously stated. A change to the report will be made. 

Paae 2-29, T I,3 and 4: Boring log and well constnrction information has not been 
provided for the bedrock wells. Thus, refinement of the substuface bedrock Jystem beyond 
the US. G.S. reconnaissance mapping is apparent/y still lacking after this field effort. 

Bedrock core data have been added to the boring logs. Well construction details and 
boring logs have also been constructed for the deep bedrock monitoring wells. 

Paae 2-29. ?I 2: (a) This paragraph states that ail overburden monitoring welLr were 
completed with a sand pack around the screen below a bentonite seal. However, sk wells 
at the lower subase 13MW8, 9,15, 16, and 17 were all completed with bacJ$ll around the 
screen without a clay seal, according to the logs (despite the fact that the soil was 
contaminated). Atlantic provides no explanation for this deviation in the tert of the report ~qz 

These wells wem installed in existing “sand manholes”. They were installed in 
accordance with the detail provided in the Appendix to the FSP. 

(b) Although we understand the need to accurate& define the water table, we disagree with 
the Navy’s approach of screening wells over several strateaphic units (e.g., 7MwJ.T). 
Future screens should be set to characterize individual stratigraphic units. We do not see 
why well screens can not be smaller than 10 feet. 

The well screen was set to provide a general screening of water quality in the water 
bearing stratigraphic units. The comment will be considered in future field 
investigations. 

Paae 2-29, II 3: The procedure for drilling bedrock wells should describe the criteria for 
when drilling ceased. 

Bedrock drilling continued until a sufficient water bearing fracture was encountered. 
A flow rate of approximately one gallon per minute or greater was considered adequate 
flow. 

EPA typical@ discourages the use of mud rotary drilling, especialt’y through intervals in 
which a screen will be placed (eg., an adjacent overburden well). The text should indicate 
whether mud was utilized through screened intervals in the well being installed or adjacent 
we&. 
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This issue was addressed in the Navy’s March 6, 1991 response to EPA’s comments on 
the POA. The text will be clarified as follows . ..‘I The mud rotary technique was used 
to maintain the opening in the overburden to allow the placement of the bedrock 
casing. The mud did not come in contact with the open hole within the bedrock and 
will not have any impact on the water quality. The shallow wells were not installed 
directly adjacent to the bedrock wells and, therefore, the mud should not affect the 
water quality.” 

23. Pane 2-29, ll7: The ta states that bedrock wells were developed using compressed air, but 
that two wells were developed with a submersible pump. The reason for the different 
development method should be stated 

Due to low flow rates realized during drilling, a submersible pump was used to develop 
two of the bedrock wells; compressed air development of these wells would not have 
been effective. 

24. Pace 2-30, II 6: The text states that for the puqose of evaluating bedrock well slug test data, 
the saturated thickness of the bedrock aquifer was assumed to be 150 feet. Later in the 
document @. 3-16, II I), the explanation for this assumption is that the average depth of 
most residential wellr is 1.50 feet. This assumption is not necessatily correcr. Most 
residential wells are only drilled to sufficient depth to establish the minimum necessary 
production required or the dwelling supplied by the well. Productive fractures ofien lie 
deeper; thert$ore, a 150 foot limit on bedrock aquifer thickness is probably not valid 

Field observations, driller’s experience, and several studies indicate that water-bearing 
fractures in crystalline bedrock in Connecticut tend to become tighter and more widely 
spaced with depth (USGS, 1968). The USGS indicates that there is only a slight 
probability of encountering a significant water-yielding fracture at rock depths greater 
than 200-250 feet (USGS, 1968). Therefore, the average saturated thickness of 150 feet 
used seems reasonable. Since the transmissivity is equal to the product of the 
hydraulic conductivity and the thickness, increasing the assumed average saturated 
thickness of the bedrock from 150 feet to 250 feet would increase the transmissivity 
proportionally. 

25. The description of hydraulic conductivity test procedures does not explain why a drilled 
radius of 0.25 feet (3 inches) was used in the hydraulic conductiviry calculations. Since the 
report had previously stated that the auger diameter was 4.5 inches (presumably inside 
diameter), the auger outside diameter is probably at least 8 inches and probably larger. 

The well radius (r,) was corrected from 0.25’ to 0.33’. The table in Appendix D and the 
drawdown versus time graphs were modified to reflect this correction. In addition, if 
the casing radius (rcj required adjusting in the hydraulic conductivity calculation, the 
valve was changed from 0.15’ to 0.19 as a result of the r, correction. 

26. (6) On this page and Appendix B, the numerical raw data needs to be provided for the 
hydraulic conductivity tests. 

Copies of the original time-drawdown data have been made for each well tested. 
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2% Pane 2-31. ll 2: The text should indicate the minimum time interval between well 
development and ground water sampling. -w= 

The minimum time interval between well development and ground water sampling was 
two weeks as stated in the original Plan of Action. This addition to the report will be 
made. 

28. Pace 2-31, B 3: (a) This paragraph indicates that samples for metals analysis were field 
filtered. No mention is made here or in other sections of the report of collection and 
analysis for total metals. All data reporting tables throughout the report should be relabeled 
to show that results represent dissolved metals only. Future investigations, designed to 
collect risk assessment quality data, should include analysis for total metals. 

Ail analysis was conducted per the Plan of Action. This comment will be considered 
for future ground water analysis. 

29. (b) Future ground water sampling events should utiiize an interface probe in all wells prior 
to purging. 

Prior to the extraction of any ground water, the depth to water was measured to the 
nearest 0.01 feet using a Soiinst electronic water level indicator. At the Lower Subase, 
where oil was an issue, product thickness measurements were made. 

30. Parre 2-41: DQO Level 4, as defined by EPA RI/FS guidance can only be achieved by 4’ 
applying EPA guidance for data validation. The latter is provided in the November I, I988 
revision of the “Region I Laboratory Data Validation Guidelines for Evaluating Organics 
Analysis. ” 

EPA data validation requires vetification of a percentage of sample calculation from the 
analytical raw data This verification is not required by NEESA Level C validation. Since 
EPA requires data used in risk assessments to satisfy Level 4 DQOs, additional validation 
of the reported analytical data is necessary 

DQO Level IV was not defined as the level of QA/QC for this site. Navy Level C (DQO 
Level III), as defined in the NEESA document “Sampling and Chemical Analysis 
Quality Assurance Requirements for the Navy Installation Restoration Program,” was 
chosen for ail work on this site, as specified in the Plan of Action. Additionally, DQO 
Level C does not produce the necessary laboratory forms for Level IV validation, thus 
Level IV validation is not achievable using current laboratory data packages. 

Regarding the DQO level required for risk assessments, the EPA document entitled 
“Data Quality Objectives for Remedial Response Activities” dated March 1987 states 
in Tables 4-3 and 4-4 that DQO Levels III, IV, or V may be used for risk assessment 
purposes. Since Navy Level C is equivalent to EPA Level III, the level of QAIQC 
performed for this project is sufficient for risk assessment purposes. 

31. i7ie last paragraph in Section 2.11.3 refers to completed data review checklists which supply &4 
sample-specific validation information, These completed checklists are not provided in 
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Appendix C, as implied. Data evaluation summaries, hsting specific data qualification 
actions taken for ail anaiysk, should be prepared and submitted to EPA as part of the data 
validation process. Additionally, data quality tables should be prepared to summarize all 
surrogate and matrix spike recovery data, all fieLd duplicate and laboratory duplicate data 
and all field blank data. 

A separate appendix summarizing all validated analytical results should be prepared 
Additional&, a second data summary appendix, sorted by site and medium, shotdd be 
submitted. Together with data validation summaries, these two appendices shotdd provide 
suficient data for EPA to vertfi the values presented in risk assessment tables. 

The first sentence of Section 2.113 has been changed to “A checklist was developed to 
facilitate the review of analytical data reviewed under Navy Level C requirements (DQO 
Level III).” There was a mistake in the NEESA document used to develop QA/QC 
requirements for this project in correlating Navy to EPA QA/QC levels. 

Atlantic has provided complete checklists for each data package and the associated 
validated Form I sheets for each sample to the USEPA as Attachment No. 2 to these 
responses. Analytical data by site and media is provided in the report. Further 
summaries of the validated data cannot be provided. 

32. The DQOs listed in Section 2.11.4 are not conshtent with those provided in Appendix C. 
For example, the DQO for precision is Iisted as 20percent difference in Section 2.11.4 and 
as 30 percent (aqueous samples) and 50 percent (soil samples) on page II in Appendix C. 
Similariy, accuracy objectives in Section 2.1X.4 do not correspond to those in Appendix C. 

The report will be corrected as follows: “Precision is considered acceptable if the 
relative percent difference (RPD) between two duplicate samples is within + 30 percent 
(aqueous samples) or 2= 50 percent (soil samples).” 

Although the QA/QC plan states & 20, this was not correct and is not consistent with 
the Data Validation checklist. “This correction will be made in both Section 2.11.4 and 
Appendix C.” 

Atlantic was unable to see inconsistencies between accuracy objectives in Section 2.11.4 
vs. Appendix C. 

33. Pa,ge 2-43: The derivation of the completeness for the investigation should be -anded 
either here or in Appendix C to allow for independent verification of the reported percentage. 
The number of valid results based on surrogate, matrix spike and duplicate data should be 
itemized. 

This can be provided. 
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SECTION 3.0 - CHARACTERISTICS OF STUDY AREA 
* 

1. Page 3-2, B 3: In discussing SCS soil descriptions, the text should state that I) SCS soil 
grain size ranges are different from those used in geological and engineering practice; 2) SCS 
descriptions are only based upon the first five feet of soil from the suface; and 3) descriptive 
permeability ranges for a given soil type correspond to specific numerical values. 

The report will include the suggested comment. 

2. Pages 3-5 and 3-6: With regard to Sections 3.3 Bedrock Geology and Sections 3.4 Surficiai 
Geology, the following should be undertaken: 

construct larger scale base-wide and watershed maps of the surficial and 
bedrock geology based on literature and observations (including boring log 
information); and 

the bedrock map should include: 

topography of the bedrock surface. For example, the description on p. 3-27 
(2nd para. from bottom) is not adequate characterization of the complicated 
bedrock suflace in the area of the Area A and the OBDA; 

-\ 
(ii) symbols that identify the orientation of joints and fractures in the bedrock 

outcrops; and 

(iii) the location of weils and borings. 

We do not feel that developing a larger scale base-wide bedrock contour map and 
surficiai geology maps is necessary. This wouid require significant additional field 
investigation to characterize bedrock elevation and subsurface conditions which we feel 
is not required to adequately characterize the sites under study. 

An approximate bedrock contour map of Area A and adjacent areas, including Torpedo 
Shop, OBDA, CBU, OBDANE, and Bunker A-86 wiil be developed from the available 
data. Existing data on orientation of joints and fractures in bedrock outcrops will be 
provided on this map. This map will be at the same scale as the Pfates provided in 
Section 3.0. 

3. 64 Important hydrogeoiogic features of the site should be labeled on all maps 
and cross-sections. 

PIease clarify what you consider important hydrogeologic features. 

4. Page 3-9, Figure 3-4: This figure needs to be clarified with respect to ground moraine 
deposits which appear as both stippied and hatched areas, some of which are adjacent to 
each other Also, no description is present in the legend for the latter deposit. Nalv 
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A legend which describes the hatched area as bedrock was provided on Figure 3-4. 
With regard to the comment on ground moraine deposits, the map will be revised with 
respect to a misplaced label. 

5. Paae 3-12, Section 3.6: (a) The use of the term “obtained” is unclear. This sentence 
should simply state that ground water is “present” in stratified dtij?, till and bedrock 

The report has been changed to reflect the requested wording change. 

6. (4 The fine-grained stratified drift aquifer appears to be a major site feature. 
Therefore, the following needs to be mapped: 

(i) the edges of the aquifer; 

(ii) the thickness of the aquifer; 

(iii) the former location of Crystal Lake; 

(iv) the locations of we& within the aquifer; and 

(v) ground water potentiome& surface and flow directions. 

A map from existing published sources showing Items i - iv will be provided. Data on 
item v, beyond what is known for the site studied as part of this investigation, is not 
known. Refer to Section 2.0 Comment 13. 

z Paae 3-12, Section 3.7: The folIowing are general comments of items that appear in this 
section: 

(4 the bedrock suface is mapped in many cross sections as the point of auger 
refusal. The text and cross sections should note that refusal does not 
necessarily mean that the top of bedrock was encountered; 

(6) a key needs to be provided for the iithology symbols used in the boring Logs 
and cross-sections; 

(4 the cross-section views should also indicate the water elevations in the wells 
and the interpolated water table surface; and 

(4 the cross section lines in map view should connect the actual boring points 
because the areas represented in the cross sections are in many cases 
different from the line drawn. 

The requests for Items a, b, and c will be complied with. Regarding Item d, a review 
of the cross-sections will be made and any changes regarding horizontal scale 
differences will be addressed. 
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8. 

9. 

10. 

Il. 

12. 

13. 

14. 

Page 3-12, Section 3.7 I Tomedo Shops: (a) In the first paragraph on page 3-15, borings 
should be undertaken to determine the contact between the Mamacoke Fm and the Sterling 1 

Plutonic Group. This contact may be fault-controlled and may be a preferred pathway for 
migration of contaminated ground water. 

This suggestion will be considered for further investigation at this site. 

(6) A boring log or a monitoting well construction detail not provided in the Appendix for 
wed 7MWI. 

A boring log providing well construction details will be provided for 7MWl. 

(c) The text in the third paragraph on page 3-15 states that Atlantic personnel measured the 
bedrock outcrops at the torpedo shop. The measurement locations should be posted on the 
site map. The measurement data should be inch&d in the report appendices. 

This data will be provided in the appropriate report figures. 

(d) The tert appears to omit a description of the western part of the site. Here the boring 
log data indicates a discrepancy where siit and sand deposits overlie sand and gravel 
deposits at boring 7TBI rather than reversed as shown in boring logs for 7TB2 and 7MW2S 
and the cross section of Figure 3-Z This discrepancy further questions the actual presence 
of the predominant sand and silt deposits shown to exist between 7Maz.S and 7TB5 in 
Figure 3-7. 

Upon review of the logs and cross-sections of this area, it has been concluded that the 
logs and cross-sections represent the actual field conditions. The boring and well 
locations for this area primarily exist within areas of fill (i.e., septic system leachfields), 
which may be the primary reason for the apparent reversal of data. The soils were not 
described as fill in the borings logs or cross-sections unless there were distinct features 
(i.e., wood, glass, etc.) that positively identify fill. 

(e) The boring log for 7mS is not consistent with the cross section view (Fig 3-7). 

A change to the cross-section wiil be made to separate the fine sand units from the fine 
to medium sand unit. 

(fl The drainage swale is a signijicant hydrogeologic feature in the torpedo shops area and 
should be inch&d in the cross section view (Fig 3-7). 

The drainage swale will be shown on the cross-section. 

Pane 3-24, Section 3.75 Area A and OBDA: (a) On page 3-27, V 5, this paragraph 
describes cores drilled in selected bedrock wells at Area A. Appendix B provides no 
descriptions of these cores, other than the interval cored A complete log of the cored 
interval should be included as a standard of the boring log so that the log can be compared 
to the description in the text. V- 



15. 

16. 

17. 

18. 

19. 

20. 

The core descriptions will be provided for applicable bedrock monitoring wells. 

(4 On page 3-27, 7 6, this paragraph discusses bedrock topography based upon 
boring data at Area A. Atlantic should prepare a bedrock topography map 
based upon well control, geophysics, and rock outcrops. 

As stated in Comment 2 of this section, Atlantic will prepare a bedrock contour map 
for Area A. Note that the geophysical surveys were not designed to assess bedrock 
elevation. 

(c) On page 3-27, 17, the tert states that Atlantic personnel measured the bedrock outcrops 
at Area A. The measurement data should be included in the report appendices, The 
paragraph has no discussion of how these measurements tie into know data on rock 
structure in this area, or whether the joints in the outcrops show any con-elation to foliation 
otientation, as fractures in the cores described in paragraph 5 seem to do. 

The measurement data will be included in the report. Dip angles measured in core 
fractures did not consistently correlate to dip angles measured in bedrock outcrops in 
Area A. Although there are no general trends linking the bedrock outcrops to the core 
data, the dominant core fracture dip angles were 45”. 

(d) In Figure 3-I6, the north arrow on thk figure is rotated approximately 44 degrees east 
of its actual orientation. Bedrock joint strike and orientations plotted on this figure 
therqore may not be correct and should be checked. 

The north arrow on the figure will be corrected. The bedrock joint strike and dip 
orientation are correct. 

There are many more bedrock outcrops in the area which should be surveyed for-fracturing 
and jointing orientations. 

This comment will be considered for future work efforts in this area. 

(e) In the second paragraph on page 3-33, Figure 3-4 does not clearly show the features 
described here. Again, basin-wide geologic maps would be very usejuL 

Refer to Comment 2 of this section. 

(f) The following two comments are relative to Figure 3-18 and Appendix B: 

(1) the locations of auger rq%saLs at shallow depths should be redrilled 
a few feet away before that location is exited For example, boring 
2WTB4, located in a dificult area in the center of the Area A 
Wetland, was drilled only to 0.83 feet. No effort seems to have been 
made to confirm whether this refusal was a local anomaly (e.g., a 
boutder). 

On occasion auger refksal was reached at relatively shallow depths; it was standard 
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practice for Atlantic personnel to relocate the boring and attempt to drill several feet 
away from the original location. If refusal was again shallow, the boring would have 

e 

would have been relocated until the hole was properly advanced, or it was determined 
that the original hole was representative of actual conditions and not a local anomaly. 
This procedure was followed at 2MTB4. 

21. (2) the draft report should explain the rationale behind the placement of approximately 25 
feet of sand filter pack material below the well screen in 2LMW9S. The representativeness 
of the data collected from this well is likely to be very uncertain. 

Data for 2LMW9 was incorrectly entered into the boring log program (i.e., wrong fiIl 
pattern was given, etc.). Upon review of original field log book, it has been determined 
that bentonite was used to seal the hole below the sand pack in 2LMW9S. The boring 
log will be revised. 

22. (3) cross-section B-B’ would better represent conditions if the following were done: 

(a) 2LTB5 was not utilized because this point creates the illusion of an 
undulating bedrock surface which may not exist 

(b) 2LTBI should be utilized, since it is actual& located on line B-B: 

However, it is recommended that cross-section B-B’ be redrafted along the line of borings 
labelled 2LMW13S, 2LM7VI3D, 2LMW9S, 2LMWI3D, 2LTB1, 2wTB1, 2WTB6 and w’ 
2WTBZ 

Based on EPA’s recommendation, cross-section B-B’ will be redrafted to include 
21MW13S, 13D, 2LMW9S, 2LTB1, 2WTB1, 2WIB6 and 2WTB7. 

23. (g) The following comments are relative to Figure 3-19 on page 3-32. 

(I) In cross-section C-C’ on page 3-32, data from 2LMW7 
(approximately I20 feet away from line) is used rather than 2WTB2 
(approximately 20 feet away from line). The hydrology varies 
between these points, for example: 

(a) 7 tifajrt at 2WTB2 while 2LMW7 identifies I6 
eet 0 

(4 topsoil is identij%d below the dredge spoil at 2WB2, 
yet this top soil is absent at depth at 2LMW7S. 

Refer to response to Comment 24 below. 

24. (2) In cross-section C-C’ and the texz both 2LTB3 and 2LTB1, which are located between 
2LMW7 and 2LMW9, encountered refusal at 66.6 feet MSL and 64 feet, respectively, while 
2LMW7 encountered bedrock at 53 feet MSL and 2LMw9S encountered refical at 42.5 feet 
MSL. Either the cross-section conceptualization is incorrect or refusal within the dredge 
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25. 

26. 

27. 

28. 

29. 

spoil cannot be assumed to be the top of the bedrock 

Cross-section C-C’ will be reconstructed and will include the following borings: 

The borings 2LTB3 and 2LTBl are not included in the cross-section C-C’. It is 
assumed that refusal for these two borings must have been on large boulder fill and 
not bedrock, therefore, cross-section C-C’ does indicate a deeper depth to bedrock 
between 2LMW7 and 2LMW9. 

(3) Boring 2LMW9S identijies several units below the dredge spoil which strongly suggest 
the presence of fill rather than “natural” sand and gravel. Cross-section C-C’ should reflect 
this condition. 

Cross-section C-C’ will be revised to address this comment. 

(4) The use of 2MWI6 ntxt to 2MWI5 in cross-section C-C’ may be misrepresenting the 
local geology in light of the topographic high between the two borings. 

Boring 2WMW16 will be removed from cross-section C-C’. 

Page 3-35, ll I A rationale for the procedure used to measure ground water elevations in 
offsite wells needs to be provided Why was an initial measurement taken, the well pumped, 
remeasured and the lowest measured used? 

The lowest well measurement (lowest elevation) was used because this represents a 
worst case condition with respect to ground water gradient from offbase wells to on- 
base wells (e.g., does well drawdown create a condition where on-base ground water 
contamination could migrate to offsite wells). This explanation wiil be added to the 
text. 

Page 3-36, 7 I (a) Vertical head gradients are discussed in this paragraph, but no 
calculations are included in this report. The text mentions a f I foot upward gradient in 
one case, but it is not clear if the 1 foot is the head diflerence between the two wells or a 
gradient of + I ftf 

The text will be changed to reflect that the -C 1 foot upward gradient is more accurately 
a f 1 foot vertical head difference. 

(b) We don’t believe that one round of ground water elevation is sufficient to conclude that 
bedrock ground water does not discharge into North Lake. Continuous recorders should 
be installed at the 2DmI6 wells in addition to head measurements in North Lake to 
determine ground water/su@ace interactions between North Lake and the ground water 
SjStf?TTZ. 

This comment will be considered in the development of the plan for additional work 
in Area A. We may elect to manually collect water level measurements on a pre- 
determined time interval and duration. 
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30. Page 3-38, 39 These two cross-sections, which intersect at 6TB3, do not match. 6TB3 has 
different stratigraphy in each cross-section and for other wells, the stratigraphy is incomplete. -I6 

For example, silt and clay on the logs is shown as sand and silt on the cross-section. The 
length of cross-section B-B’ in Figure 3-23 is 565 feet, but the cross-section line in Figure 
3-21 is 458 feet. 

The cross-sections will be revised to further separate the units. The horizontal scale 
on the cross-section B-B’ will also be revised. 

31. Page 3-40, IT 5 A review of the abbreviated single well pumping test for well 6hJK2 shows 
that the well was not pumped long enough to get meanin~l data The transmissivity was 
calculated from early time data oniy (0.001 min.utes to 10 minutes). However, review of the 
semi-log plot shows that the rate of drawdown increased after ten minutes. This delayed 
yield is usually due to dewatering effects in an unconfined aquifer, thus early time data is 
not representative of overall aquifer conditions. Had the pumping test been run out to 1000 
minutes instead of 62 minutes, a greater As for use in the time-drawdown analysis would 
have been calculated 

By using the &for the data from 10 to 62 minutes, a T of 1058 PIday and a K of 53 ftlday 
can be calculated using the time-drawdown method This result is much closer to the 
t&book value of 50 ftlday that Atlantic ultimately relies on for their estimates of fzow 
velocity and aquifw discharge to the Thames River In reality, had the pumping test been 
run to 1000 minutes, the drawdown data would have to have been corrected for the effects 
of an unconfined aquifer or the time-drawdown method would not have been a valid 
analysis. 

wE 

The comment is noted, however, no changes to the report appear to be required. 

32. Page 3-41 Given the massive bedrock outcrop and rapid elevation change east of the 
railroad tracks, the elevation 2 foot and especially the 3 foot contour (above ground 
elevation 70) in the overburden aquifer shown in this figure are suspect and should be 
reviewed 

Upon review of Figure 3-24, it is apparent that the contours on this figure should be 
revised. The contours will be changed to more accurately follow topography. 

33. Page 3-42, Section 3. Z 7, Lower Subase With regard to this section, the construction of 
wells with backfill filter packs in wells 13MK!J, 13iVW9, 13MVI5, 13MWI6, and 13MwI 7 
deviates from the April 1989 Final Plan of Action (Appendix B) and description of work 
in the Drafi Report (Le., the “clean washed Ottawa sand”p. 2-29, 2ndpara.). The rationale 
for this deviation needs to be provided 

Refer to Comment 9 in Section 1.0. Sand manholes are constantly being replenished 
with sand due to washout underneath the bulkhead. Therefore, if a sand pack was 
used during installation of the monitoring well, it wou!d have only been a temporary 
condition facing eventual washout. 
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SECTION 4.0 - NATURE AND EXTENT OF CONTAMINATION 

1. Pace 4-2, ll 4 The statement for ARAR and TBC using arsenic as an ample is 
inappropn’ate. 

This paragraph merely explains the rationale for selection of values to be included in 
Table 4-2. Atlantic feels its indusion is necessary to explain Table 4-2. Table 4-2 is 
a summary table, which Atlantic prepared to show the values of chemical-specific 
ARARs. In any particular site the procedures described Appendix D must be used. 
This specific characterization will be made in the feasibility study after remedial action 
objectives and general response actions have been developed. 

2. Paae 4-2, TI 6 The use of the publhhed background values for inorganic concentrations in 
soil is not acceptable. The reference cited includes background concentrations calculated 
from the entire Eastern United States. Ail efforts should be made to obtain actual samples 
for the determination of background values. The objective of this is to analyze “clean” 
samples specifical& associated with the site. The use of USGS survey information may be 
used as a last resort onty. 

A wide range of inorganic concentrations are found throughout the region, as soil types and 
bedrock geology varies. Furthermore, use of the “95 percent value limit” as a typical 
background concentration ti not reasonable; this implies the assumption that subase soils, 
in the absence of site-specific contamination, have some of the highest inorganic 
concentrations found in the Eastern United States. Uncontaminated local background 
samples should be collected. 

These values were used for illustrative and comparative purposes. Even if we complied 
with this request, it would not affect the conclusions of the study with respect to human 
health or environmental impact. Actual metals concentrations were used in these 
assessments and in the calculation of risk. We would propose to add a discussion to 
indicate that actual background concentrations at this site are less than the USGS 
published values. 

3. Pane 4-3 These tables on ARARs are currentty being reviewed by the Office of Regional 
Counsel. 

Noted. When is the Office of Regional Counsel going to submit their comments? 

4. Paae 4-3 Thk table would be more use@ if it contained citations for each requirement. 
At thti stage of the investrgation, the Navy should be able to e;rpiicitly reference specific 
citations for sits eqoecially for chemical- and location-specipc ARARs. The broad 
references to regulations will make it difficult to determine which aspects of each regulation 
is ARARITBC criteria 

The notes section at the end of this table will be revised to show explicit statute or 
regulation citations. 
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5. A number of these ARARs should also be included in the action-specific listing if they appiy 
to the use of technologies and allowable di.schargeJemissions limitations (Le., CAA, 

=-Z 

NESHAP, etc.). 

We had grouped federal ARARs as presented in Part II of the CERCLA Compliance 
With Other Laws Manual, however, we agree the NESHAP requirements should be 
listed as action specific ARARs. NPDES and NSPS are presently listed as action 
specific ARARs. 

6. It is unclear why the RCRA Solid Waste Standards are categorized as “Not ARAR” instead 
of “Potential ARAR’! Appendix D states that Bunker A-86 is one of six areas which contain 
solid waste. Similar&, it is also unclear why this table categorizes the Federal RCRA UST 
Standards and state UST regulations as “Not ARAR’! Again, Appendix D (Page D-2) states 
that the Torpedo Shops site is one of three sites that contain underground petroleum storage 
tanks. This table should be corrected according@ to reflect the status of ARARs as 
explained in Appendix D. 

Agree, tables will be revised. See response No. 10 below for further explanation 
regarding UST standards. 

7. The Toxic Substances Control Act (TSCA) should be categorized as “TBC” for the Torpedo 
Shops since PCB contamination has been detected in this area 

or- 
Agree, table will be revised. TSCA standards where not originally characterized as a 
potential ARAR as no TSCA regulated PCB items are known to have been present at 

-4 

this site. 

8. Page 4-3 The analytical methods utilized for this study do not provide aqueous detection 
limits suitably low for several of the ground water ARARs or TBCs listed in Table 4-2. Of 
particular concern are the volatile organics vinyl chloride, benzene’ chloromethane and 1,2- 
dichioroethane and several semi-volatile organic polynu.clear aromatic hydrocarbons 
(PANS). 

The April 1989 Final Quality Assurance/Quality Control and Data Management Plan, 
prepared for the Navy by Atlantic, provided a summary of analytical methods in Table 5-5. 
The table listed EPA’S ‘Methods for Determination of Organic Compounds in Finished 
Drinking Water and Raw Source Water” in addition to EPA “SW-846 Test Methods for 
Evaluating Solid Waste” as method to be employed in addition to the CLP SOWprotocol. 
The EPA drinking water Method 524.2 and SW-846 Method 8310 provide aqueous 
detection limits more appropriate to the study objectives than CLP methods. 

Refer to comment #26 in Section 2.0. The suggested revised laboratory protocol will 
be incorporated into ikture sampling at this site. 

9. Page 4-4 Forpresentation purposes, it is recommended that the Navy separate Area A and 
OBDA as discussed in previous discussions. This column is misleading when, for example, 7~ 
TSCA is cons&red TBC for Area A but not for OBDA. -w- 
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Atlantic does not feel this distinction is necessary. For presentation purposes OBDA 
was considered to be part of Area A Downstream, and the Area A wetland and landfill 
were presented as separate areas. 

10. Page 4-7 It is unclear why the Navy categorizes federal RCRA and state UST Standards 
as “Not ARAR” for the Torpedo Shops. Appendir D states (I) (Page D-2) that the Torpedo 
Shops site contains underground petroleum storage tanks, and (2) (Page D-14) the Naval 
Installation Program does address oil and petroleum contamination. 

Agree, table will be revised to show UST standards as potential ARAR. The UST 
standards were not originally characterized as a potential ARAR as there is no evidence 
of petroleum contaminants from the UST, and no remediation under UST regulations 
is anticipated. 

II. It is also unclear why the Navy categoties the federal RCRA and state Solid Waste 
Regulations as “Not ARAR” for the Rubble Fill at Bunker A-86, and why the Navy 
categorizes the state Solid Wate Management Regulations as “Potential ARAR” for the CBU 
Drum Storage Area These categorizations are not consistent with discussions in Appendix 
D which state that these regulations are potentially applicable for the Bunker A-86, and not 
applicable for CBU Drum Storage Area. This table should be corrected to reflect 
discussions in Appendix D. 

Agree, table will be revised to reflect discussions in Appendix D. 

I2. It k unclear why the Navy categorizes the PCB Regulations under TSCA as “Not ARAR” 
for the Torpedo Shops Site. Appendix D (Page D-15) states that “It is believed that the 
PCB contamination in Goss Cove, DRMO, and Area A LandfZIl resulted from the storage 
of tran@ormers containing greater than 50ppm of PCBs. At the Torpedo Shop, the source 
of PCBs is unknown.” Since these standards regulate the disposal and cleanup of PCBs, 
the Navy should include the federal PCB regulations as ARAR 

See Atlantic’s response and Comment 7 in this section. TSCA should only be Iisted as 
a TBC at the Torpedo Shops, as the regulations adopted under TSCA regarding PCBs 
(40CFR 761) only apply to PCBs in concentrations above a specified level (40CFR 
761.1(b)). There is no evidence that there are any items at the Torpedo Shop above the 
specified level. Clean-up standards under TSCA regulations (4OCFR, Part 61, Subpart 
G) are only policy guidelines and therefore can not be classified as ARARs. 

I3. The Navy should also categorize the Connecticut Siting Council Haardous Facility Siting 
Regulations as “Potential ARAR” for ail sites since the need for construction of any new 
hazardous waste disposal facilities has yet to be determined. 

The regulations are only applicable to hazardous wastes as defined in these regulations. 
For sites that do not contain hazardous waste, these statutes are not potentially 
ARARs. Only sites that contain hazardous waste should have these regulations listed 
as potential ARARs. As stated in Appendix D, these sites are Lower Base, DRMO, and 
Spent Acid Storage and Disposal. 
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14. Paae 4-9, Table 4-2 The following revtiions are necessary relative to ground water: 

(4 
(2) 
(3) 
(4) 
(5) 

Barium has a proposed MCL and MCLG of 2000 ppb. 
Cadmium has a final MCL and MCLG of 5ppb. 
Chromium has a final MCL and MCLG of 100 ppb. 

Copper has a proposed MCL and MCLG of 1300 ppb. 
Lead has a final action level of 15 ppb based on treatment 
technique FR (Vol 56, No. 1 IO, 617191). 
Silver does not have a final MCL. 
Gross Aipha MCL is 15 pCi/L. 
Chloroform does not have a final MCL. 
I,2-Dichloroethene has a final MCL of 70 ppb. 
Ethylbenzene has a final MCL of 700 ppb. 
Tetrachloroethene has a final MCL of 5ppb. 
Xylene has a final MCL of 10000 ppb. 
Endtin does not have a final MCL of 0.2 ppb. 

Methoxychlor has a final MCL of 40 ppb. 
PCBs should be corrected to PCBs. 

Due to recent changes in the federal drinking water regulation, Atlantic agrees that 
several of the above listed values should be listed in Table 4-2 with the following 
exceptions based upon State of Connecticut Drinking Water regulations where they are 
more stringent: barium = 1,000 ppb, chromium = 50 ppb, copper = 1000 ppb, silver 
= 50 ppb, gross alpha = 5 pCi/L, chloroform (total trihalomethanes) = 100 ppb, 
endrin = 0.2 ppb. 

-4 

x5. Page 4-9, Table 4-2 The additional revisions to this table are necessary: 

(I) Soil does not have chemical-specific AR4R.s or TBCs. It is not understandable why 
the same number presented as ARARs for ground water are also presented as TBCs for soil 
for some compounds. ALso, the values presented for PCBs and dioxin and TCLP values 
for some compound-s may be action-specific rather than chemical-specific AR4R.s and 
TBCs. 

The soil TBCs were based upon written guidance that the State of Connecticut has 
developed; see page D-8 of Appendix D for further explanation. To the extent that 
these values have been used as clean standards at sites throughout Connecticut, they 
should at least be considered in selection of a final remedy. However, we agree that 
it is unlikely that these values will become remedial action objectives. 

16. (2) What is the purpose of listing marine A WQCs for inland surface waters? 

The Thames River is a marine estuary not an inland surface water. 

I% (3) It is not appropriate to compare A WQC to ground water. 

EPA guidance (EPA/540/G89/00@ states that water quality criteria adjusted to reflect 
only exposure from drinking the water may be useful in selecting a cleanup level when 
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a promulgated MCL does not exist. This adjustment generally does not substantially 
change the AWQC value. However, the table will be revised to use corrected AWQC 
vaiues regarding ground water for consideration when an MCL has not been 
promulgated. 

Z8. Paae 4-16 References to ARARr should include dates, since these are updated reguiariy. 

Dates will be added to the references in the notes section at the end of the table. 

19. Pace 4-18, Section 4.5 (a) In the 3rd paragraph, the values of TCE and PCE are compared 
to the TBC values. As previously noted rhere are no TBC values for soil. 

Refer to Comment 15 in this section. 

20. (6) It is indicated on page 4-25 that pesticide “blocks” were placed on the wetland ice and 
dhpersed via melting of the ice. The detection of delta-BHC and methoxychlor may 
indicate disposal in this area and should be further examined. 

Conversations with Navy personnel indicate that pesticides were also applied by 
spraying. Based on the fact that the pesticides were detected in shallow soil samples 
and at relatively low concentrations, pesticide disposal in this area is not expected. 

--. 

21. Pace 4-25, Section 4.6 (a) There is no discmion of the results from samples of s&ace 
water and sediment samples from the Torpedo Shop area (e.g., 7SW and 7SD). These 
items must be included in this section. 

In ll 2, it states that sediment and surface water analysis results are included in the 
Area A discussion. This was done because these drainage swales/intermittent 
watercourses are part of the Area A Downstream Watercourses system. 

22. (b) The septic tank from the torpedo shops should be sampled in future phases of the 
work 

Atlantic intends to inciude septic tank sampling in future investigations at this site. 

23. Pane 4-26, Fiaure 4-3 The Navy indicated that soil borings and wells would be positioned 
based on the results of soil gas surveys in a March 6, I991 response letter to EPA (response 
la, page I). However, there is no soil sample, boring or well located at the soil gas “hot 
spots” which were observed at the north leachfield This omission should be explained, and 
if possible, a soil boring should be advanced at the location of the hot spot in subsequent 
field investipations. 

Accessibility in this area was difficult with a drill rig. Well 7MW2 was downgradient 
of this location, and significant solvents were not detected in the ground water. A soil 
sample collected by hand auger wiil be considered for future investigation. 

!’ 

-. 
24. Ir Paae 4-35, Section 4.23 Trace to low levels of 1,2dichloroethane and TCE were found at 

SGI and SG9 which appear to be outside the exzent of the previous fill areas. Also, high 
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25. 

26. 

2% 

28. 

29. 

levels of PAHs were found in 8TB3 which also appears to be outside of these areas. Future 
work will have to expand investigations in that area. -4 

As stated in Section 2.6.2, only moderate to high soil gas detections are normally 
associated with potential source areas. An upgradient well will be planned in future 
field investigations in the SGl/SG9 area to assess ground water quality, which could 
result in the detection of low levels of solvents in the soil gas. Further sampling in the 
8TB3 area will also be considered. 

Paae 4-38. Fiawe 4-6 The text should indicate why soil borings were not located within the 
areas of soil gas hot spots which are indicated on this map. 

Refer to Comment 2 under the general comment section. 

Paae 4-63, 7 I The separately bound geophysical report should be provided 

This will be provided. 

Paae 4-64, Section 4.11. X.4 On page I-21, reference is made to a concrete pad where 
drums, etc. were stored However, review of the sampiing locations does not appear that any 
borings or sampling was performed in this area. Please provide the rationale. 

Surface soil samples 2LSSl and 2LSS2 were collected adjacent to the concrete pad. 
Also, refer to recommendations for additional sampling in this area (page 8-18). -Id 

Pane 4-102. Section 4. II.4 This ofice does not agree with the third sentence in the fourth 
paragraph which commences with “As discussed in Section 3.0, the...” for the following 
reasons: 

(a) Section 3.0 @. 3-36) states that “bedrock ground water likely does not discharge into 
North Lake. I’ whether or not bedrock ground water discharges into North Lake has not yet 
been conclusive& determined because the Navy’s presumption is based on one round of 
water level measurements from one well pair. 

Refer to Comment 29 in Section 3.0. 

(b) The water table was found to be 1.3 feet below ground sulface during the 3/21/9I water 
level measurement event. At this elevation, ground water from the overburden aquifer can 
be expected to be dtichargiing into North Lake. If an when the lake is emptied out, then the 
chances are even greater that ground water will discharge into it. 

The text will be clarified to acknowledge this comment. 

(c) It appears that the Plan of Action was not followed by having only one of two planned 
soil lab analyses from 2LMW7.Y and, instead., having one unplanned lab soil analysti for 
boring 2LTB2. 7%e rationale for this deviation and for the selection of all other subsurface 
soil sample locations need to be provided -ms 
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30. 

3I. 

32. 

._- 

33. 

34. 

Refer to Comment 4 in the general comments section, and to Comment 12 in Section 
2.0. 

(d) Anaiytical data for well 2LMWI3S is not provided in Tables 4-32 and 4-33 or Plate 
4-2, yet it is described in the teu as a location where cadmium was detected (p. 4-102). 
The data for this well needs to be provided. 

As noted in Table 2-2 on page 2-33, this well was dry and was not sampled (i.e., no 
ground water in overburden). The text will be revised to ciarim that elevated cadmium 
was detected at 2LMW13D. 

(e) A boring log for 2M4S needs to be provided. 

The proposed monitoring well 2WMW4S was not installed due to existing site 
conditions, as well as complications involving Navy regulations regarding the Weapons 
Storage Area. The drilling rig was gasoline-operated and, therefore, was not permitted 
to enter the weapons storage area due to safety reasons. During installation of 
2WMW4D, attempts to push split-spoon samplers using the drilling rods were 
unsuccessful due to boulders and cobbles in this area, therefore, no boring logs could 
be developed. Bedrock was encountered at approximately 9.0 feet; ground water was 
not observed within this interval. 

Pane 4-145, FiEure 4-32 Based upon the text, it is unclear how the soil contamination limits 
shown in the figure were defined 

The figure was an approximate delineation of “hot spots” of soil contamination for 
illustrative purposes. In the Feasibility Study, a more detailed assessment of risk 
based contaminated soii areas and volumes will be made. 

Page 4-147, Table 4-51 Radiological screening values were exceeded at ;he Goss Cove 
Landfill, Area A and the DRMO; erceedances were attributed to natural sources at these 
sites Additional radiological screening at sites believed to represent typical background 
conditions for the area is necessary to support this hypothesis given the possibility of 
radiologicai contamination based on site history. 

This work is underway. 

Paae 4-151, II I Additional investigations and collecting of suqace water and sediment 
samples may be required to ji&‘y evaluate potential impact of the lower subase site on the 
Thames River. while no seeps were observed during a wate$-ont inspection, contamination 
was found in other media, and seeps are likely to be periodic. 

This work was already recommended in Section 8.0 of the IR report (page 8-25). 

-27- 



SECTION 5.0 - CONTAMINANT FATE AND TRANSPORT 

I. Paae 5-I. B 4 7Ee tert acknowledges that solubility, vapor pressure, Henry’s Law constant, 
&, and K, are dependent on temperature. i%e applicable temperatures for these 
parameters should be provided in Table 5-l. 

The reported temperatures for these properties are usually in the range of 20” to 30°C. 
This can be added to the table as a note. 

2. Pane 5-1, TI 6 The last sentence of this paragraph indicates that solution into the liquid 
phase will control the rate of volatilization for some materials. This sentence is not clear. 
Henry’s Law is an equilibrium coefficient and the rate of solution into the water phase will 
not influence this parameter. This sentence should be clarij%d 

The sentence referred to does not say that solution into the water phase inffuences the 
Henry’s Law coefficient. The sentence can be modified to read: “However, for 
compounds with low solubilities and high values of the Henry’s Law coefficient, 
resistance in the liquid phase controls volatilization.” 

3. Paae 5-4, Footnote (c) K, values are estimated by the method presented by Lyman et al. 
(1982). The last sentence on page 7-11 provides a method of estimation of K, attributed 
to Markwell et al. (1989). A constitent method of estimation of all of the mobility 
parameters should be used 

The notes on page 5-4 are a key to the references from which the chemical properties 
were taken and refer to the reference column in Table 5-l. Most of the chemical 
propel-ties were reported in reference a, the Superfund Public Health Evaluation 
Manual (1986). Only where compounds were noted with a “c” in the reference column, 
were K,,, values estimated from Lyman et al., 1982. These are compounds that did not 
have reported &, values in the Superfund manual. 

The next to the fast sentence on page 7-11 states that we used &, instead of K, in 
Markwell’s equation. We used the same K,,, values in this equation that we reported 
in Table 5-I. 

4. Paae 5-5, ll3 Soil characteristics such as porosity, soil water content and soil bulk density 
are discussed as parameters which are important in determining the mobility of 
contaminants at NSB-NLON. Organic carbon contenr, pH, eH, cation exchange capacity, 
particle size distribution, clay content are also important. However, it does not appear that 
these parameters have been measured at the site. These parameters should be measured. 
If they are already known, they should be discussed in this section. 

Of these parameters, only organic carbon content was used in the risk assessment. If 
field measurements are made, it is only necessary to measure this parameter for the 
purpose of the ecological risk assessment. In our assessment, we estimated a 
conservative value of 5%. If any of these other parameters are determined to be needed 
to supplement the Feasibility Study evaluation, recommendations will be made at that w 
time. 
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5. Pace 5-5, B 3,4 The movement and mobility of light and dense non-aqueous phase liquids 
should be dticussed in these sections. 

A few paragraphs regarding NAPL and DNAPL will be added to this section. 

6. Parre 5-9, II 4 Dibenzofiran is measured as part of the semi-volatile analysis. In locations 
where dibenzofuran was detected, an analysis for all chlotinated dioxini’ran compounds 
should be performed 

This request is under evaluation and will be further discussed with the USEPA. 

7. Pace 5-11, II I The last sentence in this paragraph should be amended to include the 
presence of other metals which will also influence the mobility of metals in the environment. 

This sentence can be amended to read: “Environmental factors influencing the mobility 
of metals in the environment include pH, eH, the presence or lack of oxygen, the 
presence of other metal compounds such as iron oxides, and the presence of anions and 
complexing agents.” 

8. Pane 5- 12. Section 5.2. I. I A conceptual model for each site should be presented or 
referenced in this section to illustrate the various exposure routes resulting from 
contamination at each sire. This would clatifi the presentation of exposure routes and 
ensure that all exposure routes are considered 

-- 

Conceptual models wiii be prepared for each Step II site and generically for the Step 
I sites. 

9. Paae 5-13, Section 5.2.1.3 Some dkxssion on the phenomena ofprecipitation of dissolved 
metals in estuaries should be mentioned. This phenomena occurs when metals which are 
in equilibrium with fresh water encounter elevated levels of anions present in salt water 
Flocculation and precipitation of these metal has been demonmated in th’ese situations. 
I%& mechanism should be considered and the possibility of contaminant accumulation in 
the estuary should be discussed 

The following wording will be added: “The section of the Thames River near NSB- 
NLON is an estuary. Within an estuary the changing of the river from fresh to salt- 
water conditions has substantial effects on suspended and dissolved material in the 
river. Destabilization of colloids, alternation of adsorption equilibrium and 
precipitation of cationic species are among the commonly observed changes. There is 
a general tendency for trace metals, and potentially hydrophobic organic compounds, 
to be trapped in estuarine sediments as a result of these processes. 

10. Pane 5-14, last B The statement ‘I,.. and the following inorganics above MCLs: barium, 
sodiwn, iron and manganese” is confirsing, because only barium has a current MCL of 2 
PPm. 
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This sentence will be revised to make it clear that MCLs were exceeded only for 
barium, and that the state notification level for sodium was exceeded. Iron and 4 

manganese will not be classified as TBC values. 

II. Pape 5-15. ll3 It is not clear if the metals concentration presented for the ground water is 
determined using filtered or unfltered ground water samples. Both filtered and total metals 
should be measured in the ground water. This will allow the evaluation of the presence of 
metals in the colloidal size matetial. Facilitated transport of colloidal material by ground 
water has been demonstrated as a mechanism of transpoti for otherwise insoluble and 
immobile materials. 

This same paragraph indicates that metal compounds are tight& bound in the soils. Thti 
is inconsistent with the fact that arsenic, cadmium, chromium and lead exceed TCLP TBC 
values. i’% sentence should be modified to include this information. 

All ground water samples for total metals analyses were filtered. Although facilitated 
transport may be a transport mechanism at NSB-NLON, a total metals analysis may 
be representative of formation materials. Drilling, development and purging activities 
may be the source of some colloidal material in ground water samples rather than the 
metals being representative of the coiloid suspensions in formation ground water. 

Future work plans will consider provisions for total and filtered metals analysis, and 
include the most recent procedures regarding well purging and sample handling 
designed to collect coiioid suspensions, however, any data generated by itself will not 4 
demonstrate conclusively whether or not facilitated transport is a signilicant transport 
mechanism at this site. As mentioned above, it is probably not possible to distinguish 
between actual mobile colloid suspensions and those caused by well construction, 
development and purging activities. 

12. Pane 5-16, Section 5.2.2.8 The statement, “The following other organics were measured 
above ARAR or TBC values: iron, manganese, sodium and aluminum” is inappropriate. 
Forground water MCLs and MCLGs are ARARs and drinking water Health Advisoties are 
TBCs. For the four metals l&d above, only sodium has drinking water equivalent level 
which may be considered as TBC. Secondary MCL for the other three inorganics are 
neither ARARs or TBCs unless there are state standards for these compounds. Based on 
this statement and other previous statements in the documents that, when it comes to 
compare contaminant concentrations to ARARr and TBCs, it is not clear what standard 
the values are being compared to. 

In our identification of ARARs and TBCs, secondary MCLs were incorrectly classified 
as TBCs. The report will be revised so that secondary MCLs will not be TBCs. 
Sodium had a state MCL that has recently been changed to a notification level. 

13. Paae 5-17, B 2 Vatiability of transmissivity in the fractured bedrock is mentioned in this 
paragraph. The significance and impact of fractured material on contaminant transport 
should be mentioned in Section 5.2.1.2. 
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Section 5.2.1.2 will be revised to include a discussion of contaminant transport in 
fractured bedrock. Bedrock fractures offer a preferential flow path for contaminated 
materials. Depending on the fracture network orientation degree of fracturing, 
transport rates in bedrock could exceed those in overburden materials. Transmissivity 
values ranged from 4.2 to 250 square feet per day, indicating a high variability of 
transmissive properties within the fractured bedrock and that migration in bedrock 
fractures potentially is a significant contaminant migration pathway. 

14. Pace 5- 18, 7 I As noted in a previous comment, the recommendation was made to plug 
the invert in order to eliminate the possible condition of water from the stream discharging 
to North Lake at times of high flows. This comment should be reiterated in this paragraph. 

i 
The referenced comment will be reiterated in II 1 on page 5-18. 

IS. Pa.ee 5-I8, i[ 2 Lead and copper are identified as contaminants of concern in suflace water. 
The suspected source of this material should be identified 

Copper and lead are present in upgradient surface water and ground water and are 
present in above background concentrations in Area A landfill soils. The copper and 
lead apparently originate from natural and anthropogenic sources upgradient of Area 
A and from materials in Area A landfill. The contribution from Area A Landfill is not 
believed to be very significant as upgradient levels are relatively high and as 
concentrations in landfill soils only slightly exceed soil background levels. 

26. Page S-I8, ll5 7%~ paragraph states that not enough data is available to define the most 
significant pathway for cyanide, 

i’kk argument is used several times in the report and strongly indicates that additional data 
is required at these sites. See comment for Page 5-5, B 3 for additional data requirements. 
An aqueous geochemistry model should be used to evaluate the speciation of all inorganics 
of concern. This will allow an evaluation of the mobility of the inorganics at the site in light 
of site-specific aqueous geochemistry. 

The comment in II5 refers primarily to a lack of information regarding the speciation 
of cyanide, not in regard to lack of information regarding soil characteristics, although, 
soil pH in addition to cyanide speciation would be helpful in predicting the fate of 
cyanide in soil. Please refer to response to comment for page 5-5, ll3 regarding soil 
characteristics. Cyanide may occur in several forms including: hydrogen cyanide, 
alkali metal salts, or metaiiocyanide. Each form has distinctly different 
physical/chemical characteristics. For example, solubility in water ranges from 
insoluble to completely soluble for different forms of cyanide. 

The report recommends additional investigation regarding this cyanide contamination. 
The recommendation will be made more specific and state that future investigation 
attempt to identify the forms of cyanide present by laboratory analysis. 

I% Pane 5-18, TI 6 The presence of chlorinated dioxin at this site should be investigated See 
comment for Page 5-9, 77 4. 
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18. 

Refer to response to Comment 6 in this section. 
-4 

Page 5I9, ll 4 Reduced conditions are indicated as the possible mechanisms for 
precipitation of metals. The eH of the soils and ground water at each Step II site should 
be measured 

Oxidized conditions are indicated as the possible mechanism for precipitation of metals 
and reduced conditions are indicated as a possible mechanism for leaching iron and 
manganese from native soils. 

The report recommends an additional round of ground water samples; eH 
measurements will be included. 
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SECTION 6.0 - HUMAN HEALTH RISK ASSESSMENT AND 
- 

SECTION 7.0 - ECOLOGICAL RISK ASSESSMENT 

These comments were discussed with the USEPA at the meeting held on February 13, 
1992. A separate response for these sections will be forthcoming. 
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SECTION 8.0 - SUMMARY AND CONCLUSIONS 

1. Page 8-1, Section 8.0: The cover of Section 8.0 states “Summary and Conclusions” while 
the text inside states “Summary and Recommendations”. The purpose of Section 8.0 should 
be clarified. 

The cover will be modified to state “Summary and Recommendations”. 

2. Page 8-1, Section 8.0: (a) The ARARs and TBC mentioned throughout this section are 
confusing. It is necessary to indicate the exact value and the exact standard or criterion the 
concentration of the contaminant of concern is compared with. 

A general statement will be added atier the first paragraph referring the reader to 
Section 4.0 for an explanation of specific ARAR/TBC values. The Navy disagrees with 
the request, and feels that including the regulatory standard and reference for every 
discussion of a specific chemical, in itself, would be confusing. Section 8.0 is a 
summary which likely will be used by the TRC members and the general public. For 
this reason, it was purposely kept general. 

3. (6) It is necessary to state the exact risk based on the risk characterization. The term 
(de minimum risk” or “within one in one thousands risk” give a very vague 
description of the results of risk characterization. 

A statement will be added after the first paragraph explaining in general the risk 
terminology. 

4. Page B-I, TT I: The fact that analytical results from a particular site did not result in 
contaminant values that exceeded ARARr or risk-based criteria, is not a sufficient means 
for determining whether the site should undergo further investigations. 

The CERCLA criteria for determining whether an RIIFS should be petformed on a 
particular site does not consider ARARs or risk based values. Generally, the amount of 
sampling which is performed for a PAISI (Step I investigation) is only sufficient to 
determine the presence of contaminant, not the nature or tient Furthermore, all media 
are not typica& sampled in the PAlSI phase. 

The PAISI relies on “indicators” of a release to determine iffurther investigation is necessary. 
If evidence of a release is noted and the Hazard Ranking Score is higher than a 
predetemined threshold value, the site is listed on the National Priorities List and must 
undergo the RIIFS process. In the case of the three sites which the Navy proposes for No 
Further Action, evidence of a release was noted at all three sites, and thereore the sites 
should continue to be investigated 

The Navy recommends that all Step II sites proceed to the Feasibility Study stage; however 
it is not clear that sufficient data have been collected for the three Step II sites. 

We feel the site has been adequately investigated and assessed to support the no 
further action recommendation. Further discussion on this issue is suggested. 
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5. Page 8-I. Section 8.2.1. I: Since, as the Navy indicates, “a small release may have occurred” 

at thLs site., additional investigation should be performed to detennine the nature and extent 
of contamination, and to peflorm a quantitative risk assessment. 

Oniy one soil analysis for inorganics was performed. Given that the sample contained 
concentrations of lead which may be related to waste stored at this site, additional soil 
samples should be collected. 

Volatile organics and semi-volatile organics were detected in composite surface soils at this 
site Since compositing can dilute contaminated samples by adding uncontaminated sample 
to the composite, additional sub.w$ace sampling should be performed for volatile and semi- 
volatile organics. Ground water sampling should also be pe$ormed to assess concentrations 
of organics and inotganics. Analytical methodologies for both media should be chosen to 
provide detection limits below the ARARsITBCs. 

We feel the site has been adequately investigated and assessed to support the no 
further action recommendation. Further discussion on this issue is suggested. 

6. Page 8-3, Il 4: Additional ground water analysis for PCBs and pesticides should also be 
performed 

We would intend that the recommended further ground water analysis conducted at the 
Torpedo Shop wiil include PCBs/pesticides. 

z Page 8-S. II IO: Soil sampiing for d&ins and fiuans should be perfomred to assess 
potential contamination in incinerator ash. 

Refer to comment 6 in Section 5 for a response to this request. 

8. Page 8-6, 7 2: Additional further investigations that should be performed include: 

l borings andfor wells placed at the location of soil gas hot spots; 

l soil sampling below ten feet near 8TB2 and 8TB3 due to the high levels of 
PM detected and 

l soil and ground water anaiysis for organics and inorganics. 

These comments will be considered in the development of the work plan for fiture 
investigation at this site. 

9. During ourprevious site tit on October 8,1991, booms were surrounding the three oulfalls 
which discharge in the Goss Cove area. It was noted that on occasion, oil residues, both 
No. 2 and No. 6, flow from these drainage pipes. The source of this oil was said to be 
storage tanks underneath the baseball field The sediments along the shore in this 

area should also be examined. 

This comment will be considered in the development of the work plan for future 

-35- 



investigations at this site. 

10. Page 8-6. 1T 6: On@ one soil location was sampled for inorganics and two locations for 
organics. At least three samples should be collected and analyzed for full TCLITAL prior 
to recommending this site for no further action. 

Aaiiitionaliy, ground water should be analyzed for organic and inorganic constituents. 

We feel the site has been adequately investigated and assessed to support the no 
further action recommendation. Further discussion on this issue is suggested. 

11. Page 8-7 lI 7: The Step I invest$gation did not include any soil borings advanced to the 
water table, although the most likely release mechanism and pathway at this site would be 
a [/ST leaking and infiltrating down into the ground water. EPA can not concur with the 
Navy’s no further action recommendation for this site until such soil sampling is performed, 
and ground water samples are collected. 

Our recommendation includes tank removal and confirmation soil sampling directly 
below the tanks. This will be the most direct way to confirm that no tank leakage 
occurred. If contamination is found to have occurred, soil remediation will take place 
as well as ground water assessment. However, if no contamination is identified at that 
time, no future action will be taken. 

12. Page g-IO, ll5: This paragraph implies that the origin of the VOCs detected in the dredge 
spoils is the Thames River. It is unclear how such contamination could be present in the 
river sediments. Regardless of the original source, the soils are now themselves a 
contaminant source. 

Residual levels of VOCs would likely be associated with Thames River sediment, due 
to the industrial nature of the watershed. 

13. Page 8-13, B 2: The text discusses a plume at Area A in the bedrock A figure showing the 
estimated aem of the plume should be presented 

Plate 4-1 in Section 4.0 will be used to illustrate the approximate extent of ground 
water contamination. 

14. Pace 8-13, II 5: A series of cross-sections showing the flow field and the contaminant 
dkributions should be presented in this discussion. 

We do not feel that providing this information will add to the understanding of site 
conditions. The ground water quality data ia already summarized on Plate 4-1. 

15. Pane 8-14, ll3: Tie text states that ” . ..it is indetemtinate if these [offbase residential] wells 
are upgradient or downgradient of the western portion of the Area A Landfill. From the 
ground water contour maps, it appears that these wells are “side gradient” from the landfill, 
an alternative possibility to consider. 
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Your comment is true. We have proposed the additional sampling to confirm the 
ground water flow in this questionable area. 

16. Page 8-18, Landfill Soils: Landfill soils should also be sampled for chlorinated dioxins and 
furans to assess contamination from incinerator refuse. 

Refer to the response to comment 6, provide in Section 5. 

1% Page S-19, North Lake: During our previously noted site visit, ground water seepage at the 
east end of the lake was evident. Sediments at this point as well as ground water should 
be analyzed for the TAL and TCL. 

An additional recommendation should be to cap or remove the eastern overjlow pipe which 
may allow some of the drainage from the Area A to enter North Lake. 

We will consider analysis of the ground water seepage in supplemental field 
investigations. 

The latter recommendation has been added to the text. 

18. Page 8-19, Downstream Watercourses and Pond: Two unnamed ponds to the Northeast 
of North Lake were visited and appeared to be lacking in wetland ecological activity. Some 
benthic surveys should be peeormed to evaluate benthic populations. In conjunction with 
this, toxicity testing should be performed on the sediments at depositional areas of 
downstream water courses and the two above-mentioned ponds. 

Additional sediment sampling and analysis for TCL and TAL is needed for the “lower” 
pond on the north side of downstream area “A”. One sample is not suficient to 
characterize the pond On all sediment results, units should be indicated as being on a dry 
or wet basis. 

With the possibiiity of wetland remediation, there is the need to properly delineate the 
wetlands on the Nay property as well as those that are affected by contamination whose 
source lies within naval property boundaries. This must be done as described using the 
Federal Manual for identiting and Delineating Jurisdictional Wetlands. 

On page 8-19, additional assessment of the biological community in this area was 
recommended. Your specific comments will be considered in the design of this 
et-gram- 

Additional sediment sampling will be considered as part of our recommendation of 
additional surficial soil sampling in this area. 

We are aware that wetlands exist in Area A; and the general boundaries are known. 

The wetlands regulations will be considered as an ARAR. Following the Feasibility 
Study, and as part of any remedial design, specific wetlands procedures will be 
established at that time. 
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19. Page 8-22. IT 8: Since the DRMO was reported& used as a burning ground the near surface 
soil should be sampled for the presence of chlorinated dioxins and furans. 

Refer to the response for comment 6 in Section 5. 

20. The outflow labeled 2DSD12 on the DRMO had considerable output. There is a need for 
additional sampling along the shore line of the Thames River upstream, downstream, and 
outward There is also a potential for periodic flooding of the river on to the DEMO 
causing further contamination which should be examined. 

Recommendation #l on page 8-22 included additional sampling in the Thames River. 
We do not believe that flooding of the site by the Thames River is of significant concern 
as a contaminant source, and do not feel that further evaluation of this issue is 
required, other than to address erosion of contaminated soils from DRMO to the 
Thames River. 

21. An additional recommendation should be to install monitoting welk in the areas where high 
“hits” were recorded, such as in the vicinity of 6TB4. 

-4 

This will be considered for future field investigation. 
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APPENDICES 

Appendix A 

The depths of the soil gas samples should be provided in the Appendix A tables. 

The depth was approximately three feet, except at the Lower Base where the depth is 
12-18 inches due to utility conflicts. 

Aooendix D 

1. LI) Page D-3, ll4 The second sentence of this paragraph states, “The state has classified 
the water quality of this segment of the Thames River as SCISB.” It should be noted that 
the CTDEP is currently considering changing this SCISB water quality classification to SA. 
For completeness, the Navy should provide an updated water quality discussion pertaining 
to thts potential water quality classifkation. 9 

The text will be revised to note this potential change. 

2. 

-- 

f2) Pane D-5 Xhe second sentence of the sidh paragraph pertaining to the applicability of 
the state Hazardous Warte Management Regulations states, “For ail applications to chemical 
specif;c ARARs, Connecticut’s regulations are identical to EPA’S.” It should be noted that 
Section 22a-#9(c)-106, “Standards for the management of specific wastes and specific types 
of hazardous waste management faciktks” states that more stringent provisions may need 
to be addressed pertaining to spent lead-acid batteries. The final dtkposition of spent lead- 
acid batteries is currently unknown for the OBDA, therefore, these regulations may be 
considered potential& an ARAR if these materials (“‘spent batteries”) are transpotted stored 
or collected for recycting or reclaiming. 

After a re-analysis of Section 22a449(c)-106, no chemical-specific standards are 
evident. These regulations reference the requirements in 4OCJ?R Part 266, Subpart G 
and contain standards regarding handling, storage, inspection, accumulation, and 
registration of spent lead acid batteries. No chemical-specific standards are included 
in this regulatory section. 

3. (33) Page D-12 The seventh paragraph states, “See discussion on federal RCRA standards. 
There are no significant diflerences regarding location standards between federal and state 
regulations.” while we agree with this statement, there are more stringent provisions for 
chemical-specific ARARs provided in Section 22a&P(c)-106. See previous comment 
regarding spent lead-acid batteries corresponding to Page D-5. 

See response to Comment 2 above. Potentially this regulatory section could be an 
action-specific ARAR if batteries are discovered and if these batteries are to be 
recycled. To date no batteries have been discovered. This requirement will be 
classified as a potential action-specific ARAR for the large landfill areas where it is 
possible that batteries were disposed, i.e., Area A Land& DRMO and Goss Cove. 

1 ;- 

4. f4) Pane D-13 The second paragraph states, “The NSB-NLON property is present& an 
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existing well field and to date has not been identijied as a potential well field ARAR.” The _ 
Aquifer Protection Areas (22a-354a through 356 CGS) should remain potentially an ARAR Tlllr 
pending the final completion of these requirements. 

You misquoted our statement. We stated that the property is not presently an existing 
well field. Please clarify comment. 

5. (5) Pace D-18 Subsections 4. I and 4.2 provide discussions of federal and state 
requirements that will be considered in selection of a final remedy at NSB-NLON. The 
Navy should provide a limited discussion for each TBC similar to the discussion for 
ARARs. Alro, two of the three state TBCs under the Department of Health Services and 
CTDEP should be included in Table 4-l. 

A limited discussion will be provided for all TBCs listed in subsections 4.1 and 4.2. 

Table 4-1 does include a listing for Standards for Drinking Water and for Water 
Pollution Control and the existence of TBC values under these laws is indicated to exist 
at all sites. Table 4-1 is general in nature. A breakdown into every regulatory section 
and guidance document will detract from its usefulness and is not warranted at this 
stage of the RI/FS process. The remedial actions sections of the FS will clearly specify 
all ARARs on a site basis in light of the general response actions being considered. 

Appendix E =‘rJ 

A justij’ication should be provided for samples that were analyzed but not included in the 
risk assessment. For example, in Appendix E, the list of samples used for the scenario 
involving subase children exploring Area A streambeds and wetland (sediment) has oniy a 
partial list of sediment samples collected from Area A. Please justify the exclusion of 
samples 2 WSD3 through 2 WSD9. Justifications should be provided for samples excluded 
from other scenarios, as well. 

These comments will be discussed with the USEPA. 

Aopendix F-l 

There is no indication in the species list of any freshwater finfish. This shows inconsistency 
within the document. If fish were anticipated to inhabit ponds in the downstream areas, 
as indicated by a proposed fish survey in Aptil 1990, they should be included. If they were 
omitted due to their absence in the ponds, then the possible reasons should be addressed, 
i.c, contamination, habitat requirements, etc. 

Appendix F-2 

Units should be indicated as part of the heading. 

This comment will be addressed with the USEPA. 
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SECTION 1.0 - PRELIMINARY REMEDIAL TECHNOLOGIES 

1. Page I, ll5, Item 1 Develoument and Screening ofAlternatives list.sfive (5) steps; however, 
these steps are not consistent with the CERCLA RIIFS Guidance (EPA, 1988), Section 
4. I.2 I which lists six (6) general steps relative to the development/screening of alternatives. 
These steps identified in the RIIFS Guidance include: 

I) development of remedial action objectives 
2) development of general response actions 
3) identifi volumes and areas of media 
4) identify and screen technologies 
5) ident@ and evaluate process options 
6) assemble remedial alternatives 

Note that 3 of the 5 items listed in the FS document [identify treatment technologies..., 
screen technologies, and identify actton-specific ARAPs] all fail under Item (4) above 
Thus, the list provided above is more comprehensive in outlining the components of the 
alternative development process. 

The list provided is more comprehensive and wiil be used, and it will be noted more 
clearly that the purpose of this Feasibility Study report section is solely to identify and 
screen technologies to eliminate those that cannot be implemented technically at the 
site. 

-- 2. Page I, ?I 5 The upfront discussions regarding technology screening/alternative development 
should identifi whether an operable unit approach is being utiiized by the Navy to address 
discrete site areas and/or media. Such information needs to be included in the FS because 
each alternative must be designed such that it addresses all areas or media included within 
the specify operable unit designation. 

For instance, if an entire site consisting of soil and ground water contamination is addressed 
as a single operable unir, then each alternative must incorporate technologies which affect 
treatment of soils and ground water. If soils and ground water are treated as separate 
operable units, then separate alternatives would be developed for each media. Thus, 
alternative development must proceed in concert with the operable unit approach being used 
(if any) by the Navy. 

Note that the operable unit approach not only applies to site media, but can be used to 
separate d&Crete portions of a facility into separate areas (each subject to separate RUFSs). 

The operable unit approach will be used in the FS for alternative development, 
screening and detailed analyses. Technology screening and the evaluation of process 
options will be done on a media basis and will include comments specific to operable 
units as necessary. This section of the FS will note the approach taken. 

3. Page 2, B 6 Section 1.2, Screening of Technologies is not developed in a manner consistent 
with the CERCLA RIIFS Guidance, Section 4.2.4 Identifi and Screen Remedial 
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Technologies and Process Outions. 

CERCLA Guidance specif;es that the technology screening process includes the following 
two steps: I) the universe ofpotential applicable technology types are screened on the basis 
of technical implementability, and 2) for technology types not screened during the first step, 
technology process options are evaluated based on effectiveness, implementability, and cost 
to select a representative process option for each technology. The representative process 
options are then combined to formulate remedial alternatives. 

The Groton FS document presents only a single technologyfprocess option screening step, 
and the criteria for conducting this initial screening effort are not clearly stated No 
representative process option is selected for each technology, thus the Navy’s efforts are 
incomplete 

It is recommended that the Navy adopt the two-step approach recommended in the 
CERCLA Guidance. i?te first screening step should evaluate technical implementability 
(including the abiiity of the technology to achieve preliminary remediation goals or ARARs). 

The second step should evaluate each process option on the 3 criteria stated above. 

The sole purpose of this document is to identify and screen the universe of potentially 
applicable technoiogy types based on technical implementability. As noted in the 
response to Comment 2 above, this clarification will be made in the introductory text. 4 

4. Page 4. Table I-I, Areas of Concern (a) I’% table does not present information or data 
which is substantial enough to support the technology screening effort. To properly assess 
the “implementabirity” of a technology at the site, it is important that the FS state the 
volume/areas of media requiring treatment, and a complete list of chemical compounds 
present in each medium. 

Table 1-I provides a qualitative discussion of health risks associated with the DRMO, 
Lowerbase, and Area A. These discussions give little insight into the nature of the 
contamination problem at each site To proper& support a technology screening effort, this 
table shouid present for each media at each site, a complete list of the chemical compounds 
which pose a carcinogenic risk or non-carcinogenic risk under baseline conditions, the 
current concentration of the compound, and the risk estimate Na the table should 
present a target risk range [acceptable risk range] and a target or clean-up concentration 
for each compound. 

The above information would inform the FS personnel as to what contaminants need to be 
treated, and to what level, thus providing them with the information needed to select the 
appropriate technologies. 

Note - the information discussed above (i e., target clean-up levels) should actually be folded 
into the Remedial Action Objectives (RAOs) for the site RAOs should be developed ptior 
to technology screening, and should specie the contaminants of concern, qosure routes -ad 
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and recepton; and a quantitative target ciean-up levei orgoai based on ARARs and the risk 
assessment. 

We agree with this statement, however, Table l-l was intended only to show qualitative 
risks. Quantitative values will be developed in the remedial action objective section of 
the FS which is presently being developed. 

5. (b) It is stated that there are no ecological riski at both the DRMO and Lowerbase. 
Additional sampiing and information must be gathered before this conclusion can be drawn. 

This statement wiil be revised to state that, based on existing information, there are 
no predicted ecological risks. Additional sampling and assessment was recommended 
in Section 8.0. 

6. Pane 7, Table I-3 In the Screening Comments relative to the Fencing process option, it 
appears the last sentence is not complete, 

This sentence will be revised to read as follows: “This process option could be used in 
conjunction with containment process options to make a more effective alternative.” 

7. Pane 8, Table I-3 Screening of Technologies for SoillSediment Under the “biologiCal” 
treatment category, aerobic degradation is cited as a potential technology. The screening 
comments indicate this technology is not applicable for metals, and may not degrade PCBs. 
This technoio&y is then cited as a “Potential Option” for all three source areas (Area A, 
DRMO, L WR Base). 

1. Table I-I indicates the DRMO is contaminated with PCBs, PAHs and 
metals, thus, considering the inflectiveness of aerobic degradation in 
treating PCBs and metals, the use of this technology at this site is not 
warranted 

2. Table I-I indicates soils in the Lowerbase pose no risk Thus, according 
to Table I-I, remediation of soils is not warranted at this site. 

3. Table l-l indicates that Area A soils are contaminated with PCBs, thus, 
the use of aerobic degradation at this is clearly not warranted based on the 
screening comment. 

As indicated above, there appears to be no rationale for the selection of 
aerobic degradation as a process option. The upfiont information is 
inadequate to select a process option, and the screening and process option 
selections are inappropiiate. 

It k noted that the above problem is noted in numerous instances in Table l-3, For 
instance, on p. 9, soil venting is selected as a process option for treating soiis in ail three 
areas. Soil venting is appropriate to the removal of VOCs; however, as indicated above, the 
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contaminants of concern at the DR.440 and Area A are PCBs and metals. Therefore, the 
use of soil venting at these sites does not appear to be a viable option. 4 

As a finai consideration, site-specific conditions must be considered in determining whether 
a technology is read@ implementable at a site. For instance, grain-size distribution of site- 
soils will affect suitability of solidificationlstabilization technologies, BTU content of soils 
will affect eficiency of incineration technologies, etc. For this reason, a preliminary 
identification of technologies should be conducted to enable FS personnel to compile a list 
of site-specific data needed to select appropriate technologies during the screening process. 
This type of site-specific data should be presented in up-front sections of the FS to suppon 
technology screening, If the data needed to support technology selection has not been 
collected, it may not be appropriate to screen technologies until this type of data is collected. 

It is thus recommended that, future sampling programs specify the collection of all data 
needed to support the technology screening effort. Note that this data collection effort must 
be suitable to support technology screening and alternative development, but need not be 
specific to the point where it supports remedial designs. 

As stated in the summary of this report (Section 1.3), these tables are informational 
in nature and seme the sole purpose of ensuring that an appropriate range of 
technologies and process options are developed. A prudent approach was used in 
screening technologies, and many were retained for reasons that are not evident at this 
stage of the RI/FS process. At this time, many issues regarding remedial action \ 
objectives have not been resolved and, therefore, these objectives have not been -d 
adequately defined. For example, DRMO contains soils with substantial VOC 
contamination that could be treated by soil venting or aerobically and the Lower 
Subase contains soils with soil contamination that could be degraded aerobically. 
Remediation of these areas is oniy indicated by TBC values and, therefore, were not 
included in Table l-l (areas of concern). Upon establishment of tinai remedial 
response objectives, the table will be re-evaluated and modifications made as 
appropriate, 

Work plans for future work at these sites will consider inclusion of reiative and 
applicable feasibility data requirements. 

8. Paae 8 The screening comment for in situ anaerobic degradation states that this is a pilot 
stage technology, thert$ore, was not considered jkther. This rationale is also used in the 
screening of several other technologies in later sections. However, since the NCP indicates 
a preference for treatments which are innovative, techno1ogie.s should not be screened 
exciusive~y because of their innovative nature. 

We agree that innovative technologies should not be eliminated solely because they are 
innovative and have induded several that are potentially feasible for further evaluation. 
The comments in this section will be revised to also indicate that this technology has 
not been demonstrated to be very effective. 

9. Paae 10 Anaerobic treatment of sludges has been performed for many years at industrial WI@ 
and municipal waste treatment facilities. It does not appear to warrant consideration as a 



IO. 

pilot stage technology as stated in the screening comments for thk enny. 

We are aware of no demonstration projects other than at laboratory scale regarding 
anaerobic treatment of soils or sediments contaminated with hazardous substances. 
For these reasons this technology was classified as pilot scale even though many field 
scale units exist for treatment of PO’lW sewage sludges. 

The screening comments for ground water control indicate that feasibility of this Pane 12 
technology is questionable in areas adjacent to the l7zame.s River due to Large volumes of 
infirtration. However, infiltration can be minimized by use of sheet pilings, so the 
imp/ementabi&y of this technology should not be aflected by infiltration from the river. 

Infiltration can be minimized but not eliminated by use of a sheetpile. Presently, there 
is a sheetpile bulkhead in existence at the Lower Subase. This option was retained for 
further evaluation. To address this comment, the wording will be revised to read as 
follows: “Implementability will be complicated and effectiveness diminished in areas 
adjacent to the Thames River....” 
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ATTACHMENT 1 

Soil Gas Sample and Standard Chromatograms 
(Not Provided With Phase I Remedial Investigation) 

ATTACHMENT 2 

Form Ones and Data Validation Checklists 
(Not Provided With Phase I Remedial Investigation) 



--- 

NAVY’S RESPONSE TO EPA’S RISK ASSESSMENT 
COMMENTS OF NOVEMBER 12, 1991 (MARCH 26, 1992) 



n 

1. 

2. 

3. 

NAVY RESPONSES TO EPA’S COMMENTS (November 12, 1991) 
ON RISK ASSESSMENT FOR 

THE INSTALLATION RESTORATION STUDY (August 1991) 
NAVAL SUBMARINE BASE - NEW LONDON 

Pane 6-I. Y22: The risk assessment guidance used should have been USEPA, 1989, not USEPA, 
1990, as stated. 

The guidance used was USEPA 1989 and 1991. The text will be corrected. 

Page 6-2. (71 which EPAs guidance is the statement in the paragraph referring to? 

The guidance referenced is USEPA 1989. 

Page 6-3. 76: Trespassers may need to be considered for future scenarios; fences and guards 
may not be in place in the future tf areas of the base are closed or become inactive. 

The potential for future use of ground water as a source of drinking water on the base or in 
neighboring residential areas should be considered. The state classt@cation for ground water 
at the base is either GA/drinkable or GB/inay require treatment before consumption. Some 
ground water is too saline for human consumption, and may not need to be considered in the 
future use scenarios. The potential for contaminant plumes reaching residential areas oflbase 
and the likelihood of base closure should be evaluated and discussed in the risk assessment. 

For the step II sites, health risks associated with a trespasser scenario under future 
conditions were not calculated, but considered in our assessment. Exposure scenarios 
involving children living onsite and adults working onsite were given the highest priority 
and the onsite risks to these groups of individuals were calculated first. These two groups 
represent highly exposed and sensitive populations. The exposure scenarios involving these 
populations would more stringently evaluate the potential health risks associated with a 
step II site than a future trespasser scenario. For those step II areas which did exhibit 
potential health risks to these highly exposed populations, remediation alternatives are 
being evaluated (DRMO, Area A Downstream and Area A Landfill). Therefore, a 
trespasser scenario under future conditions would not be necessary for those step II sites 
which are presently scheduled for remediation. For other step II sites which did not 
demonstrate potential health risks for the highly exposed populations, a trespasser scenario 
under future conditions is not necessary. A trespasser would visit the area less frequently 
than the exposure scenario developed for onsite workers and children. 

We feel that comparison of ground water quality to MCLs is adequate to evaluate 
potential human health risks and that a quantitative risk assessment is not required. 
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4. Pane 6-6, Section 6.1.3: This section is just a general outline of how to select compounds of 
concern, and no actual selection process is presented in this document. Table 6-2 does not 
indicate what compounds are selected for what medium. A contaminant-spect@c rationale 
should be provided for each contaminant excluded from further consideration. Exclusion of 
inorganics based on regional concentrations is inappropriate (see comment for Page 4-2, 16). 
Information on the concentration of chloroform and isophorone should be provided here, as 
well as information on the toxicity of diethylphthalate. In addition, there is some reservation 
to the use of natural background as determined in this study to eliminate and choose inorganic 
cots. 

The criteria for selecting a compound of concern required that the compound be detected 
at least once on the site in any medium. Because of the nature of site activities, 
potentially exposed individuals could visit many areas of the site and participate in several 
activities thereby receiving multiple exposures. Therefore, the compounds of concern had 
to represent all areas of the site so that the total risk for a specific exposed population 
could be calculated. If a compound was not detected in a site area, then the compound 
was not included in the risk calculations. 

Several other stringent criteria related to concc&ration levels and potential toxicity were 
also used to exclude some compounds from PW risk calculations. Only a few organic 
compounds were excluded and the reasons for their exclusion are discussed in the report. 

A few inorganics were excluded based on frequency of detection and/or detection at levels 
that are representative of natural background in soils or sediments. To assess whether 
concentrations of inorganics were compared to published background levels from several 
sources including USGS data for the Eastern United States and background data for New 
Jersey and Massachusetts. If an inorganic analyte was within these published background 
levels or was detected infrequently, it was excluded from further assessment. 
Carcinogenic inorganic analytes were not excluded from the risk calculations. As a result, 
only a few inorganics detected in site soils were excluded from the risk calculation. They 
are: barium, calcium, chromium, cobalt, potassium, silver, sodium, and vanadium. 
These screening criteria and the reasons each of these metals was excluded from further 
assessment will be explained in the text. 

5. Page 6-9. 82: The arithmetic mean was used to calculate average exposure point 
concentrations. Information should be provided on the distribution of the data. Contaminant 
data is frequently distributed log-normally; if this is the case for this data set, the geometric 
mean would be more appropriate than the arithmetic mean. 

Arithmetic mean is correct for purposes of estimating exposures. Exposure is based on 
random visits and events and averaged. A geometric mean is only a statistical parameter 
to describe the distribution. 

6. Page 6-11. U: During our recent site visit in October, the area east of North Lake was in the 
process of being fenced to prohibit any children from entering the area downstream of Area A. 
This information should be provided in the report, and any resulting assumptions should be 
revised. 
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Fencing was suggested for the North Lake area because of our evaluation. The effect of 
the fencing on risk will be discussed as part of the evaluation of alternatives in the 
feasibility study. 

7. Page 6-14, 72: Accessibility of the Overbank Disposal Area from Area A should be addressed. 
Future exposure scenarios involving trespassers shot&i be developed for this area. It would 
have been useful to summarize samples taken, and contaminants detected and levels recorded 
for the CBU Drum Storage Area here. 

In one of the onsite children scenarios, accessibility to the Overbank Disposal Area 
from Area A was assessed. From this assessment, Overbank Disposal Area is being 
evaluated for remediation; therefore, a trespasser scenario under future conditions 
is not necessary (refer to comment page 6-3 16). 

Refer back to other Section 4 for summary of samples taken in CBU Drum Storage area. 

8. Page 6-14, 73: See comment Page 6-14, 72. 7he possibility offuture exposures of trespassers 
at the Rubble Fill site shoula’ be considered. 

The Rubble Fill site is a step I site. Specific scenarios were not developed for the step I 
sites. A trespasser scenario is not appropriate because Bunker A-86 has limited access as 
stated in the report. If this area becomes a step II site, other scenarios would be 
considered and a quantitative risk assessment performed. 

9. Page 6-14. 66: Additional exposure scenarios (e. g., exposure of children to sut$ace soils and 
exposures involving the Thames River) should be considered for the Goss Cove site as 
appropriate data are collected. 

We agree; exposure scenarios involving children exposed to surface soil and Thames river 
exposures will be considered in the Step II evaluation of this site. 

IO. Pane 6-16: A higher ingestion rate of soil (i. e., 480 mg/day) is appropriate for utility 
maintenance workers for this and other simihzr scenarios; such exposure is probably more 
typical of yard work, for which the higher ingestion rate is derived, than indoor activity, which 
reflects a lower rate (EPA, 1991). 

The point is acknowledged. The soil ingestion rate used for a utility worker in this human 
health assessment was 100 mg/day (USEPA Region I Supplemental Risk Assessment 
Guidance for the Superfund Program, 1989). Federal EPA has most recently published 
a new soil ingestion rate of 480 mg/day for landscaping/construction activities. Using the 
new soil ingestion rate in the applicable exposure scenarios (involving excavation), we re- 
evaluated the risks for these scenarios. The risks increased, at most, by a factor of 4.8 
because soil ingestion rates increase linearly. We will use this information in generating 
estimates of target levels for the Feasibility Study but do not propose to generate a new 
set of spreadsheets. The differences in results will be described in narrative fashion in the 
body of the risk assessment report. 
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II. Page 6-16 to 6-81. Tables 6-3 to 6-23: These tables are very tedious and much information 
has been repeated. The unnecessary data and unexposed pathways were also presented. It is ~ 
necessary to make the following changes to represent only the information necessary for -W 
quantitative risk assessment: 

(a) Omit the data for all the “no potential exposure ” pathways in Tables 6-3 to 6-23. 

(b) Although the average time is 70 years for carcinogens, the average time for non- 
carcinogens is the same as years exposed (i. e., exposure duration). 

(c) The standard exposure frequency should be 350 days in accordance with the OSWER 
Directive 9285.6-03 Human Health Evaluation Manual, Supplemental Guidance: “Standard 
Default Exposure Factors ‘I. 

(d) Ingestion rate for sur$ace water is incorrect. If a person swims 2.6 hours per day and 
ingests 50 ml/hr, the ingestion rate should be 0. I2 l/day. The 1.2 May is based on a 24 hour 
period, and it is not possible that a person will swim 24 hours per day. 

(a) Although this data is not of interest to the EPA, its inclusion in the report is not 
incorrect and omitting it at this time serves no constructive purpose. 

(b) We used actual exposure parameters like 250 days for worker exposures. 

(c) The standard exposure frequency of 350 days was used for residential exposures to 
fugitive dust. For other exposure scenarios, site specific information was used to estimate 
exposure duration. 

(d) The surface water ingestion rate for swimming is correct. The 1.2 l/day is adjusted 
in the risk calculation according to the amount of time swimming. 

12. Page 6-l 7: Wherever possible, pam’culate emission models should be taken from Estimation 
of Air Emissions from Cleanuu Activities at Supefind Sites, Interim Final, EPA 450/l -89-003. 

EPA indicated they would look at this more closely. We explained the methodology that 
was used and it seemed clear at the meeting. 

13. Pane 6-22: See comment for page 6-l 6 regarding soil ingestion. 

See response to comment for page 6-16 regarding soil ingestion. 

14. Page 6-31: The number of hours given in the notes column here and in Table 6-13 does not 
add to the number of hours used for the daily exposure period. 

2.5 hr/day is a weighted average per day over the year. 

1.5. Page 6-34. Bl: Future use of contaminated ground water (originating from Lam@11 A) as a 
drinking water supply should be considered as state classtj?cation of the ground water allows 
for the possibility offuture use as drinking water andfuture base closure may be a possibility. -’ 
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-- 
Please see response to comment for Page 6-3, q6. 

n 

16. Page 6-34, q4: Current exposure parameters assume a 6 to 9 year old child will be exploring 
the area over a six year period. The age group exposed should be redefined to cover a six year 
period consistent with a reassignment of duty at this base. 

Exposure parameters were based on 6 to 9 year old age group because children of this age 
group are old enough to participate in unsupervised exploration. However, at the request 
of EPA, our risk calculations are based on six year exposure period not three years. We 
could adjust the identified age range to 6 to 12 years to avoid confusion. 

17. Pane 6-35: The ingestion rate given (200 mgkiay) is for chitWren under six years old. The 
lower ingestion rate of 100 mg/day should be used for the age group under consideration here. 

The daily exposure period, exposure duration, and exposed body parts given here, and in other 
tables involving similar scenarios, all seem low for potential exploration during the summer, 
although probably appropriate for spring and fall exploration. If these levels are low because 
a zonal approach is being taken, this should be discussed and jushped in the text. 

We used 200 mg/day for six year old age group (USEPA Region I Supplemental Risk 
Assessment Guidance for the Superfund Program, 1989). If we apply EPA suggested 100 
mg/day for 6 to 12 year old age group, estimated risks are lowered by less than a factor 
of two. We do not propose to change the spreadsheets, but the effects of alternative 
assumptions can be discussed in the narrative for this section of the report. 

A zonal approach was used. Subase children are assumed to be concurrently exploring 
many areas of the site all year round. Low exposure frequencies were used in the 
individual exposure scenarios which described a possible area of the exploration for the 
children. The rational was to avoid being overly conservative in the individual exposure 
scenarios. The total frequency of exposure due to exploration by sub-base children is the 
sum of the individual exposure frequencies provided in each exposure scenario. The 
fraction of body exposed (dermal exposure) for the sub-base children is relatively 
conservative and follows federal EPA guidance dictated in Exposure Factor Handbook. 

18. Pane 6-40: Dermal absorption of contaminants from sur$ace water may need to be considered 
for this scenario, especially given the assumption in this table that the child’s entire body is 
being exposed. 

Dermal exposure to surface water is not considered a significant pathway because of the 
very low levels of contaminants detected in the surface water and the low intermittent flow 
conditions of the culvert ditches. 

19. Page 6-41: As noted in a previous comment, the daily exposure period for swimming is 
estimated to be 2.6 hours per day and not 4 hours per day. The ingestion rate on page 6-43 
seems incorrect; assuming 50 ml/hr over 2.6 hours = 0.12 May, not the 1.2 l/day given. 
Also, please provide the shin permeability rate assumed here and in other tables. 

Skin permeability rates (cm/hr) were provided by Sara Levinson, EPA Region I (written 
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correspondence to Dr. Wendy Heiger) to calculate the dermal dose for exposure to 
surface water during swimming. 

Benzene 0.11 
Ethylbenzene 1.4 
Toluene 1.0 
Phenol 1 Z-4 
AI1 other compounds of concern were defaulted to 1E3 

20. Page 6-44: See comment for page 6-16 regarding the soil ingestion rate. 

See response to comment for page 6-16. 

21. Page 6-47. 113: A jmh~CatiOn should be provided for not considering the following future 
exposure scenarios for the DRMO site: (1) exposure of child trespassers to sui#ace soils, and 
(2) e$ects of contaminated ground water discharge on surface water in the Thames River. 

The DRMO site is presently fenced and risks have been evaluated by exposure scenarios 
involving frequent exposures to contaminated soils by construction, utility and Department 
of Defense workers. Risks to children resident on the subase inhaling fugitive dusts from 
DRMO and the Area A Landfill were also assessed. A child trespasser under future 
conditions would receive less exposure than any of these groups. Therefore, a child 
trespasser scenario under future conditions is not needed. The effects of contaminated 
ground water discharged to the Thames River are discussed in Section 4.0 and Section 7.0. 

22. Pane 6-72, T22: Iffurther investigations reveal contaminant discharge into the Thames River, 
additional exposure scenarios may need to be considered. 

The point is acknowledged. 

23. Page 6-72. (3: If utilities are buried at 15 feet, contact with soils slightly below this depth 
shot&z’ be considered, as well as contact with soils at and above this depth. 

All appropriate soil data were used according to depth where exposure is possible. 
Appendix E lists ail samples used for exposure scenarios. 

24. Page 6-82: The title of Section 6.2.3: “Quanhfkation of Exposure ” is not appropriate for Step 
I sites. 

Since both Step I and II sites fail under this section, alternative section title is Evaluation 
of Exposure. 

25. Pane 6-84, Section 6.2.3.2: In theJirst paragraph of this section, see comment for page 6-9, 
72 regarding distribution of data. 
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Arithmetic mean is correct for purposes of estimating exposures. Exposure is based on 
random visits and events and then averaged. 

26. Page 6-85, ‘12: A description of the analytical models used to estimate airborne concentrations 
offugitive dust must be clar@ed/expanded. 

This can be provided. 

27. Pane 6-85, 83: Wherever possible, particulate emission models should be taken from 
Estimation of Air Emissions from Cleanup Activities at Suuerfimd Sites Interim Final. EPA 
45011-89-003. 

Particulate emissions modeling and air dispersion modeling should be performed to evaluate 
airborne particulate concentrations at locations remote from the excavations. 

Methodology used was explained at the meeting with EPA on February 13, 1991. 
EPA said they would consult with personnel in their Air Division and would indicate 
whether or not this method is appropriate. No EPA feedback has been provided to 
date. 

28. Pane 6-89. Section 6.2.4.2: Terms used should be consistent with EPAs Superfund guidance. 
“‘ADD ” is not consistent with the term in the guidance. 

ADD will be replaced with average daily intake. However, in the risk assessment we 
define ADD as exposure dose or intake in Section 6.2.4.2 not absorbed dose. 

29. Pane 6-89. 76: The averaging period for chronic exposures to non-carcinogens should match 
the exposure duration. This discussion implies the exposure duration for all chronic doses was 
assumed to be one year. 

For non-carcinogens, exposure duration (days/year conducting a certain activity) should 
not match the yearly averaging period (days/year). The exposure durations (days/year 
conducting a certain activity) and average lifetime exposure (number of years exposed to 
the site) are based on site specific information. For instance, naval public works worker 
scenario had exposure duration of 250 days/year and yearly averaging period of 365 
days/year. Average lifetime exposure and yearly averaging period varied for several 
scenarios depending if the exposed population were residents (30 years, 365 days/yr) or 
workers (maybe several years, 250 days/yr). Non-carcinogenic risks were not calculated 
over a one year period unless appropriate, but in most cases, the average lifetime 
exposures for many of the exposure scenarios were several years. 

30. Page 6-91: Medium spect@c equation with all the parameters should be presented. For non- 
carcinogens, the average time should be the same as exposure durations. A 30 year exposure 
duration is recommended if no site-spectjic data is available in accordance with the “standard 
exposure factors ” of the OSWER Directive 9285.3-03. The statement in the sixth paragraph 
for long-term concentration and the way to assess non-carcinogens is inappropriate. 

Site-specific exposure data were collected. Therefore, no default values such as “30 year 
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exposure duration” were needed. Medium specific equations will be provided. Non- 
carcinogenic risks were calculated according to current federal EPA guidance when 
guidance was available. When RfDs were not available for compounds with known 
systemic adverse health effects, surrogate RfDs were estimated for these compounds using 
structure activity relationships based on comparison to other structurally similar 
compounds with verified RfD values. We believe this approach reduces some of the 
uncertainty associated with risk characterization. In other words, we believe it is more 
important to take the compounds into account in some way as part of the assessment 
rather than ignoring them. As it turns out, other than for lead, there are no systemic 
health risks posed by the site. The risks that have been identified are for selected 
compounds where cancer is the endpoint. By taking full account of all compounds, we feel 
we are in a more defensible position (i.e., uncertainty has been reduced) in reaching this 
conclusion. 

31. Page 6-91, 82: The text should provide the “standard chemical intake equations” used to 
calculate average daily doses. 

A general form of the ADD equation was provided on pages 6-91. Media specific 
equations will be provided if needed. 

32. Pane 6-91. 78: The uncertainty discussion is extremely weak as written. The probable effect 
on calculations (i. e., increasing in decreasing exposure estimates) of factors listed should be 
discussed, as suggested in RAGS. 

The uncertainty discussion will be elaborated on further. 

33. Pane 6-93. !I: It is incorrect to calculate all the non-carcinogenic eflects for all the 
compounds of interest. In fact, if the compound does not have RD or other relevant non- 
carcinogenic toxicity data, it is impossible to assess this compound’s non-carcinogenic efect. 

We disagree. Why is it impossible to estimate RfD for a compound with known systemic 
effects? Usually, these systemic effects have been well documented in primary scientific 
literature, EPA reports and in other public health publications from various governmental 
agencies. A verifiable RfD may not be available yet for a particular compound, but is 
currently under review by EPA headquarters. An acceptable scientific methodology which 
is used to estimate RfDs and used by EPA scientific community is the use of structure 
activity relationships. We believe an effort should be made to take account of the 
potential non-carcinogenic risks associated with these compounds in this assessment we 
used. Known Iowest observable adverse effect levels for structurally similar compounds 
are used to estimate a LOAEL/NOAEL for compound without a RfD and applied in RfD 
calculation. The non-carcinogenic risk calculations would be underestimated if compounds 
of interest were not included in the calculation because they did not have verifiable RfDs, 
but were known to produce adverse systemic effects. We recognize that uncertaintv is 
a key issue for risk assessment. By taking into account all compounds (those with verified 
as well as those without verified RfDs) we believe that uncertainty associated with 
“ignoring chemicals” is reduced. In the present case, other than for lead, there were no 
systemic (non-carcinogenic) health risks identified. Because we have made the effort to 
consider all compounds, we feel that we can reach this conclusion with greater certainty 
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than if we had ignored those compounds for which there are no verified values. 

34. Page 6-95. Table 6-28: The values presented in this table are not updated. The CPF of 
benzo(a)pyrene should be used as the default value for the CPFs of other carcinogenic PAHs. 
Benzo(g,h,i)perylene should be deleted from the carcinogenic PAHs category because it is a 
Group D compound. Also,it is not appropriate to list default Rps for C-PAHs or include the 
calculation of C-PAHs for non-carcinogenic effects. For the non-carcinogenic PAHs, if there 
are no verified Rp available, the interim Rfl for naphthalene should be used as the default 
value. 

The risk assessment was completed prior to EPA publishing its most recent policy on PAD 
compounds. There are probably hundreds of other risk assessments that are currently 
going through various levels of review. We propose to use the updated values to derive 
target levels for the Feasibility Study. In addition, we propose to modify the narrative of 
the report to discuss the implications of the new policy. We do not propose to generate 
a new set of spreadsheets and reports. This would take considerable effort for very little 
benefit. The current risk assessment clearly identifies the compounds, routes of exposure, 
and receptors that are most important to consider with regard to risk reduction. 
Carcinogenic risks associated with PAD are important for a number of these. These were 
calculated in our report by using the “old” CPF values for BaP and applying the 
EPA/Clement relative potency approach to other carcinogenic PAD. Based on the 
prevailing scientific understanding of PADS at the time, this appeared to be the best 
approach. We have since recalculated the risks for the exposure scenarios where PAHs 
were of a concern. A cancer potency factor of 5.8 (mg/kg/d)-1 for benzo(a)pyrene was 
used as a default value for all carcinogenic PAHs for both ingestion and inhalation routes. 
The carcinogenic risks only changed slightly. If the original calculation did not indicate 
a carcinogenic risk for a particular exposure scenario than the recalculation also revealed 
no risk of cancer using both maximum and average concentrations of carcinogenic PAHs. 
This is due in part to the fact that we used the higher “old” CPF for BaP together with 
the relative potency approach. We understand that EPA still has not determined how to 
treat PAD compounds other than BaP. We recommend that until this is settled, the risks 
be calculated both ways (i.e., with and without the application of relative potency 
approach). Clearly, by treating all other PAHs as if they were BaP will overestimate the 
risk and lead to uncertain decisions concerning the need for and efficacy of remediation. 
With regard to the existing risk assessment, there will be no differences in the conclusions. 
We propose that this be discussed in the text of the report. The new CPF value for BaP 
will be used in the Feasibility Study. 

We have estimated RfD values for those PAD compounds for which there are no values. 
We do not agree that naphthalene should be used as a surrogate for other PAD 
compounds and have gotten concurrence on this from EPA ECAO. The approach we 
have used is one that was developed as part of work we did in developing the Gas 
Research Institute (GRI) Guidance Document on PAHs and considers several sources of 
data. Again, the main objective was to take all PAHs (including those that are B2 
carcinogens) into account when estimating the potential for systemic health risks. Simply 
because a compound is a B2 carcinogen does not mean that it has no systemic health 
effects. We selected surrogate values which we felt were conservative and generally 
representative of the PAD group as a whole. 
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35. Page 6-99: The following comment is relative to note q to explain why we do not use the 
proposed MCL for lead to derive an Rp. 2 

=v= 
A critical assumption implicit to the Rp is the concept of threshold (i.e., a dose level exists 
below which adverse health eflects will not occur). This assumption precludes developing Rns 
based on eflects for which threshotis have not been established from experimental or 
epidemiological data or for chemicals for which theoretical considerations suggest the absence 
of a threshold. Carcinogens fall into this latter category; for example, theoretical 
considerations suggest a jinite probability that cancer could arise from the interactions of a 
single molecule of a mutagen with DNA (USEPA 1986a). 

Unlike the case for carcinogens, there is no widely accepted theoretical basis for the absence 
of a threshold for many of the health eaects associated with blood lead levels and ALA-D 
activity, Vitamin D and pryrmidine metabolism, neuro-behavioral indices, growth and blood 
pressure indicate that associations may persist through the lowest blood lead levels in the 
populations tested (‘IO-15 ug/dl). Thus, it is possible that if a threshold for the toxic effects 
of lead exists, it may lie within a range of blood levels < IO-15 ugldl,: however, the data 
currentlv available are not sufficient to adeauately define the dose-response relationship for may 
of the toxic eflects of lead in populations having blood lead levels, IO ug/dl, Hence, it is not 
possible to confidently idenhfi a blood lead level below which no undesirable health efects 
would occur. 

l7te range of IO-15 ug/dl for blood levels represents a “level of concern”. A level of concern 
is not the same as a threshold. In this case, a level of concern represents a blood lead level 
associated with health e$ects that warrant attention from a medical or governmental regulatory 
standpoint, and does not occur at lower levels of exposure (Davis, 1990). 

The complex nature of lead exposure has not prevented advances in our understanding of dose- 
response relationships for lead in humans because many of the health e$ects of lead in humans 
are correlated with blood lead levels. Thus, blood lead (ug/dl) is more an appropriate 
benchmark for exposure than a level in air (mg/m3) or an oral exposure level (mg/kgMay). 
Although it is unclear if health threshold exist for may lead exposure scenarios, significant 
concern is associated with blood lead levels, one may estimate change in risk of experiencing 
health eflects associated with the blood lead level. By examining changes in blood lead 
distribution, estimates of population risk may be derived. It is possible to define critical 
changes of blood lead levels and associated effects. In this way, blood lead levels can be used 
to define risk in a relative sense. 

It is currently feasible to utilize the biokinetic model to provide predictions of blood lead levels 
that will result from any given range of route-independent lead uptake rates and vice-versa 
(USEPA, 1989a). These models allow benchmark blood lead levels to be related quantitatively 
to route-independent uptake rates and can provide estimates offrequency distributions of blood 
lead levels associate with any given uptake. 

In summary, the Rp approach at this time, is inappropriate for lead based on our current 
understanding of the dose-response relationship ana! unresolved toxicological issues, for the 
various effects of lead and multimedia nature of lead exposure. Multimedia exposure analysis 
couple with predictive biokinetic models, however, provide a power@1 tool for developing an 
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alternative and more useful alternative risk assessment strategy for lead. 

We agree, the use of IUBK model is more appropriate. In the Feasibility Study, this 
model will be used to estimate lead target clean up levels in soil for areas with exposure 
scenarios where lead is an issue. 

36. Pane 6-99: Toxicity data should be based on IRIS. If the compound does not have toxicity 
value on IRIS, the HEAST should be referenced. A FY-1991 HEAST is now available. 

We may have used HEAST 1990, but for our compounds of interest, none of RfDs or 
carcinogenic slope factors have changed in most recent HEAST Fy-1991. We will change 
the reference citation in the table. 

37. Pane 6-103, 15: The reason for not investigating the possibility of contaminant vapors entering 
the museum (presumably because the site is paved) should be stated. 

The reason for not investigating the possibility of contaminant vapors entering the museum 
is because this area is step I site. We acknowledge that vapors could enter the museum; 
however, this has not been assessed as part of Step I but will be considered under Step II. 

38. Page 6-104. Section 6.4.2.1: It is not appropriate to use the term “ADD(‘life) I’, because the 
dose should be calculated based on site spectjic duration (less than 30 years) or use the 
standard duration of 30 years. 

We disagree. The ADD(life) calculation is correct. The exposure durations (days/year 
conducting a certain activity) and average lifetime exposure (number of years exposed to 
the site) are based on site-specific information, but average lifetime was kept constant at 
70 years following Superfund guidance. 

39. Page 6-105. q4: A zonal approach may be appropriate for evaluating rish from some media. 
For example, several sites may all contribute to riskfor residence via inhalation and, therefore, 
should be combined in final risk estimates. 

We agree. The zonal approach was used throughout the site for all potentially exposed 
populations. Because of the nature of site activities, potentially exposed individuals could 
visit many areas of the site and participate in several activities, therefore having multiple 
site exposures. In preliminary screening, the compounds of concern initially had to 
represent all areas of the site so that the total site risk for a specific exposed population 
could be calculated. If a site compound of concern was not detected in a certain site area, 
then the compound was not included in the risk calculations for those exposure scenarios 
developed for that particular site area. 

40. Page 6-117, 74: See comment for Page 6-91, 78 regarding the uncertainty decision. 

See response to comment for page 6-91, IS. 

41. Page 7-I. 84: The EPA guidance referenced for ecological risk assessment (EPA, 1986) is 
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incorrect; EPA, I989 and EPA, Region I, 1989 are the correct citations. 

The correct citations will be added. 

42. Page 7-2, T/5: The report states: “Compounds of concern were detected in environmental 
media at the CBU Drum Storage Area and OBDANE sites at very low concentrations and, 
therefore, these sites were excluded from further assessment. The Rubble Fill at the Bunker A- 
86 site was only qualitatively evaluated from a human health risk standpoint. ” A discussion 
should be provided as to whether or not there are any potential ecological receptors at or near 
these sites and a table provided showing levels of contamination detected and appropriate 
benchmarks before stating there are no ecological risks from these sites. 

Paragraph 5 does not state that there are no ecological risks from these sites. It states 
that we did not assess risks due to these sites because of the low concentrations of 
compounds of concern. The text will be expanded to discuss qualitatively the 
concentrations of compounds detected in these areas and why they are unlikely to pose an 
ecological risk. 

43. Page 7-3. 42: The compounds of interest used for the ecological assessment were identical to 
those selected for the human health risk assessment. Selection of contaminants of concern for 
the ecological risk assessment should consider potential to bioaccumulate and any dtferences 
in toxicity between humans and other biota. It is of concern that potential e$ects of pesticides 
and PCBs were eliminated from consideration in the ecological risk assessment. Is it realistic 
to expect that they will be confined to the subsur$ace or is absence from other media a 
reflection of inadequate sampling? 

-w- 

The compounds of concern were the same for both the ecological and human health risk 
assessments. Because of the stringent criteria for selecting compounds and the desire to 
work with a master list for the site as a whole, they included almost all compounds 
detected in any medium. Refer to response to comment 4 for further discussion of 
selection of compounds of interest. For the ecological risk assessment, compounds were 
also eliminated from consideration if they were not detected in a medium to which 
ecological receptors might be exposed. The media that do not represent ecological 
exposures are subsurface soil below a depth of four feet and ground water outside of areas 
where ground water is likely to discharge to the ground surface (outside of the Area A 
Wetlands). The PCBs and pesticides “eliminated from consideration in the ecological risk 
assessment” were those that were detected only in media to which an ecological receptor 
would not be exposed. We will clarify this section by adding sentences that explain that 
certain contaminants in the subsurface are expected to remain in the subsurface and no 
exposure of ecological receptors to these contaminants is anticipated. 

44. Page 7-3, 113: See comment for Page 2-2, 75 regarding treatment of non-detects. 

The treatment of non-detects for the ecological risk assessment was the same as for the 
human health risk assessment. Compounds that were not detected in any exposure 
medium were assumed to have a concentration of zero. For compounds that were detected 
in an exposure medium, but not in an individual sample, the concentration in that sample 
was assumed to be one half the Contract Required Quantitation Limit as given on Table -; 
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2-1. This will be clarified in the text. 

45. Pane 7-4, q5.7: The Connecticut Natural Heritage Program or a comparable state agency 
should have been consulted to determine whether or not there are any endangered, threatened, 
or special concern species on or in the vicinity of the base. U.S. Fish and Wildltfe Services 
should be contact to determine tf there are additional trustee resources. 

In preparing a draft environmental impact statement for the Thames River Dredging 
Project, both the CTDEP and the United States Fish and Wildlife Service were contacted 
regarding the existence of threatened or endangered species in the vicinity of the proposed 
dredging project. This area includes all the investigation sites under this study. No 
known threatened or endangered species are known to exist in the project area. 
Furthermore, the ecological survey for the risk assessment did not detect the presence of 
any endangered species at NSB-NLON. 

However, the Connecticut Natural Heritage Program and the U.S. Fish and Wildlife 
Service will be contacted regarding endangered, threatened, or special concern species in 
the vicinity of the base. This information will be added to this section. 

46. Pane 7-4. 87: Field forms from the site visits should be provided in Appendix F. 

“Field forms” as such were not used during site visits performed to characterize the 
ecological receptors at the site. However, a video tape of one of the site visits is available 
and mention of this will be made in the text. Notes, which consist of a drawing and 
species list, provided by the ornithologist that performed this site visit, Trevor Lloyd 
Evans of Manomet Bird Observatory, were included in Appendix F-l. This could be 
clarified on Page 7-5, Paragraph 5. 

47. Page 7-4. 88: The report does not state whether or not a formal wetlands delineation in 
accordance with the Federal Manual for Identifiina and Delineating Jurisdictional Wetlands 
was peeormed. Wetlands potentially impacted by contamination or remediation should be 
delineated during the remedial investigation. 

A formal wetlands delineation in accordance with the Federal Manual for Identifving and 
Delineatinp Jurisdictional Wetlands was not performed as part of this program. 

We are aware that wetlands exist in Area A, and the general boundaries are known. The 
wetlands regulations will be considered as an ARAR. Following the Feasibility Study, and 
as part of any remedial design, specific wetlands procedures will be established at that 
time. 

48. Paae 7-5. T5: The lists of species observed provided in Appendix F should be supplemented 
with a literature search to include species expected in the area, especially those that might be 
dtjicult to observe in the course of several site visits. 

The species list in the Appendix is fairly inclusive. However, the Connecticut Natural 
Heritage program, or other sources might be able to provide more information on possible 
visiting species. 
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49. Page 7-5. q6: Partially based on the October 8th Site visit in which the downstream ponds and 
watercourses appeared barren, in order to obtain a baseline on lower food web organisms to 
evaluate contaminant and potential remediation impact, benthic and invertebrate surveys should ‘-hd 

be undertaken at the downstream ponds and watercourses. 

A benthic invertebrate survey of the downstream ponds and water courses is being 
considered for the supplemental sampling work plan. 

50. Page 7-9. 81: Amphibians and aquatic birds, mammals, and plants also will be exposed to 
potentially contaminated ground water discharge, sulfate water, sediment, and biota at lower 
trophic levels. 

The statement provided by EPA will be included in this section. Work under 
consideration for the additional sampling work plan includes an assessment of ecological 
receptors in the Thames River. 

51. Page 7-9. 88: The report states: “Those carnivores whose diets are comprised largely of soil 
invertebrates will be at greatest risk”. Higher order carnivores are likely to be at greater risk 
tf contaminants that bioaccumulate (i.e., DDT) are involved. 

This paragraph should include a sentence referring to potential bioaccumulation and risks 
to higher trophic level carnivores. However, risks to higher level carnivores may not be 
greater than risks to consumers of soil invertebrates because the higher trophic level fauna 
may have a greater feeding area, and therefore, be exposed to less contamination overall. 

52. Page 7-10. 82: It would be useful to know whether or not fish are actually present in the -- 
ponds in question. If they are not present, then a determination should be made as to whether 
their absence is a result of pond structure or site-related contamination. 

It is likely that fish are not present in the ponds due to their structure and hydrology. 
This will be stated in the text. Additional assessment of the presence of fish and other 
ecological receptors in the Area A Downstream ponds will be considered for the additional 
sampling work plan. 

53. Page 7-10. 05: Please provide a jush~cation for not evaluating the eflect of DDT 
contamination of su$ace soils/sediments on plants. 

This section will be expanded to explain the reasons why DDT in surface soils and 
sediments is unlikely to pose a risk to plants. 

54. Page 7-11. Y3: Extreme caution should be used in interpreting the result of comparing 
contaminant concentrations in ground water to AWQC to assess the effects of contaminants on 
soil invertebrates because A WQC were developed for aquatic species and soil invertebrates may 
have dtferent uptake of an sensitivities to contaminants. 

We discussed this later in the toxicity section. We will add a few sentences about it here. 

55. Pane 7-11, d5: When reviewing the calculations, the method stated for determination of the rm 

-14- 



toxicity quotient is in error. It should be stated that the toxicity quotient is calculated by 
dividing the soil/sediment concentration by the sediment quality criterion. The associated 
Appendix results are correct. 

The sentence should be changed to read: “The toxicity quotient was then calculated as the 
measured soil concentration divided by the sediment criterion.” 

56. Page 7-12. T4: The final equation for concentration in the organism does not follow from the 
previous equations. For example, there are no exponents in an equations used in the 
development of this equation. 

If additional samples are taken, organic carbon content should be determined for site soils ana’ 
sediments, so that actual values can be used in determining contaminant concentrations. 

There is a typographical error in the text. The “ml’ should be an exponent. The 
relationship between K, and K,,, on page 7-11 should read: 

The equation for C, on page 7-1 should be changed accordingly. We agree that organic 
carbon content should be measured in additional soil or sediment samples that may be 
collected. 

57. Page 7-12. last 1: Potential ecological risk due to sediment/soil contact using the EP approach 
is based to a large extent on the organic carbon of the media. A 5% carbon content is stated 
as an assumption with no further explanation. In order to estimate associated risk as 
accurately as possible, actual organic carbon content must be determined through sampling and 
analyses along side chemical. These analyses should pertain to both lotic and lentic systems. 

Measurements of organic carbon content should be used, if available, to assess risks as 
accurately as possible using the EP Method. We will qualify our statement about 
assuming a 5% organic carbon content and compare it to measurements made elsewhere. 
We will also add a section discussing the effect the uncertainty in the estimate has on the 
results. 

58. Pane 7-13. 113: A habitat description should be provided for the Manomet Bird Observatory 
in Massachusetts to jUStif its use as a reference station. It would be preferable to select a 
reference station closer to the site. 

We could provide more justification for using Manomet Bird Observatory as a reference 
location. 

59. Page 7-13. 113: (a) Is the reason for the lack of fish in the ponds of the downstream area an 
indication of a stressed system? 

(b) It seems that the sample number totalling six frogs for the Area A Wetlands and 
Downstream areas shows a lack of representation of biota for the area in question. Ifpossible, 
the samples should be taken at various locations throughout the area to adequately represent 
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the area. 

(c) There is no indication of bird sample locations on Plate 6-I as stated in this paragraph. e- 

(a) The assessment of the downstream ponds for fish and other ecological receptors will 
be considered in the additional sampling work plan. 

(b) We do not claim that six frogs are representative of the site. They do give some 
indication as to conditions in portions of the site. Assessment of ecological receptors in 
the Area A ponds is being considered for the additional sampling work plan. 

(c) Bird sample locations will be added to Plate 6-l. 

60. Pane 7-13. q4: If the problem of migration was a consideration, why wasn’t a more likely non- 
migratory species chosen ? 

The catbird was chosen for analysis because it is abundant at the site, and, therefore is 
representative of invertebrate-eating birds at the site. Since catbirds nest at the site, the 
collection of fledglings allowed us to circumvent the “problem” of migration. 

61. Page 7-13. T5: Further justification should be provided for not estimating bird and mammal 
body burdens for metals occurring above background levels. Heavy metals could be persistent 
in the environment and are toxic to vertebrates. 

We will provide additional explanation regarding metals levels at the site and whether they 
are likely to pose risks to birds and mammals. 

62. Page 7-13. 98: As stated in this report, fledgling catbirds are more likely to have fed in the 
study area than elsewhere; however, they have had less time to accumulate contaminants than 
adult birds, and may underestimate the magnitude of the contamination. Also, catbirds feed 
on low trophic levels, and thus are not the best choice for assessing aflects of contaminants that 
bioaccumulate; predatory birds would be a better choice. Please provide a justification as to 
why body burdens of contaminants were not estimated for predatory birds. 

We consulted the U.S. Fish and Wildlife Service prior to collecting birds for analysis 
regarding methods of collection and appropriateness of species. They agreed that 
contaminants detected in fledgling catbird tissue would be representative of site-related 
risks. Predatory birds have a large migratory range, and it would be impossible to relate 
contaminants detected in their tissues to exposures at the site. 

The risk assessment did estimate risks to predatory birds due to DDTR in Section 7.5.3.3. 
These estimates were based on estimated body burdens in small birds and mammals and 
measured concentrations in fledgling catbirds. 

63. Pane 7-I 7, 114: See comment for Page 7-13, 13 regarding selection of a reference area. 

We will add a section discussing the selection of a reference area for birds. 
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64. Page 7-I 7. 86: The uncertainty discussion as presented is weak. Typically, uncertainties 
associated with sampling methods and locations, assumptions used in models, selection of 
benchmarks, etc. should be discussed with respect to whether they are likely to under- or 
overestimate dose. 

The uncertainty section will be augmented to discuss uncertainties associated with 
sampling locations, model assumptions, dose estimates, benchmarks used, etc. 

65. Page 7-20. 81: Biota @og) and pond sediment samples were taken from dtrerent areas and 
showed deferent contaminant levels. Therefore, additional sampling of biota and pond 
sediments/water may be require to fully characterize and assess the eflects of contamination at 
this site. 

Assessment of ecological receptors in the Area A ponds is being considered for the 
additional sampling work plan. 

66. Pane 7-21, 73: The general approach taken for calculating NOAELsfrom acute/chronic lowest 
observed e#ect levels was to multiply by 0. I. It may be appropriate to multiply these values 
by 0.01 to account for dt#erences in sensitivity among species. while the primary interest is 
in evaluating population eflects rather than individual eflects, individual eflects can lead to 
population effects. See comment for Page 7-33, 74. 

-. 
E 

Wherever possible we took NOAEL and LOAEL data from Ambient Water Quality 
Criteria documents, where appropriate. NOAELs and LOAELs published in these 
documents are chosen to represent the most sensitive species tested. Where we referred 
to the literature for NOAEL and LOAEL data, we chose the most sensitive representative 
species for which data were available. Since most of the NOAEL data we had represented 
sensitive species, we used a factor of 0.1 rather than 0.01 to calculate NOAELs from 
LOAELs. We believe this represents a conservative approach. 

67. Pane 7-25: Provide references for EPA, I987 and USACOE, 1984. 

EPA, 1987 is EPA, 1986 updated May 1, 1987. This will be changed in the table and 
reference section. The other reference is: 

U.S. Army Corps of Engineers, 1984. Review: The Effects and Occurrence of Phthalate 
Esters in Aauatic Organisms and Sediments, Grays Harbor Navigation Project Operations 
and Maintenance. 

68. Pane 7-27. Table 7-6: Arsenic, cadmium, copper and iron should be shaded as they exceed 
AWQC chronic values. 

Shading will be added to the table. Maximum concentrations of lead and zinc should also 
be shaded. 

n / 69. Page 7-29: Provide the units for the concentrations given in this table. 

Units (ug/l) are in Note 1 on the second page of the table ( on Page 7-30). 
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70. Page 7-33. q4: The report states: “We assume that if e$ects are judged to be insignificant at 
the average individual level, they are probably insigntjicant at the population level “. This state 
is not necessarily correct. If a particular sex or age class is more sensitive than the average 6s 

individual, population efects will occur, even if the hypothetical average individual is 
uru.@ected. 

We will clarify our statement. There are insufficient data to characterize risks to all site 
biota at all life stages. Our assessment used available data to assess ecological risks. We 
will add EPA’s statement to this section, but the data are not available to assess these 
potential hypothetical effects. 

71. Page 7-40. 85: Sediment concentrations of zinc could potentially have eflects on organisms 
consuming contaminated plants. However, absence of zinc contamination in sugace water was 
used to claim the riskr from zinc contamination in sediments as low. It is inappropriate to use 
data from one media to evaluate risk in another media, as was done here and elsewhere in this 
report. 

We mentioned the zinc surface water concentrations to emphasize the fact that zinc 
sediment concentrations were not contributing to elevated surface water concentrations. 
The intention was to put the magnitude or the elevated zinc concentrations into 
perspective. We will clarify this in the text. 

72. Page 7-47, 63: High acetone concentrations are attributed to the possibility of laboratory 
contamination. It should be stated whether acetone was found in blank and at what 
concentration. 

-%d 

Many samples were blank-corrected for acetone as part of data validation. This could 
only be done when associated blanks contained acetone. Those samples which were 
reported as containing acetone did not have contaminated associated blanks. The fact that 
acetone was found in several field and system blanks coupled with the fact that it is a 
recognized potential laboratory contaminant, led to the conclusion that acetone detections 
can be attributable to laboratory contamination. 

73. Pane 7-47, 84: Further explanation should be provided as to why DDT detection limits were 
high. 

DDT detection limits were not high relative to Contract Required Detection Limits. 
Pesticide detection limits were calculated based on the percent moisture of a sample on an 
individual basis as required. The text refers to the fact that DDT detection limits were 
high relative to toxicity standards and, therefore, using l/2 the detection limit as the value 
for non-detected sample results in a conservative estimate of ecological risk. 

74. Pane 7-50. 75: It is inappropriate to conclude risks are slightfrom heavy metals when chronic 
risk quotients range up to IOO. 

The toxicity quotients for risks to soil invertebrates due to metals in ground water were 
calculated by dividing the ground water concentrations by the chronic Ambient Water 
Quality Criteria. Paragraph 5 discusses the great uncertainty involved in this method 
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and, therefore, why these toxicity quotients for metals may not be indicative of great risk. 
This will be clarified further in the text. 

75. Page 7-53: Although the theoretical presentation of the approach, the Navy used to calculate 
doses of PAH and DDlX for small mammals and birds is reasonable, insu$-icient information 
was presented to allow independent vertjication of calculations. 

We will add text that will explain the calculations in detail. 

76. Pane 7-54, V: It is inappropriate to eliminate the sueace soil sample taken just west of the 
woodland (2WSD9) from consideration because it had higher contaminant levels than other 
samples; it may represent a local hot spot. 

One surficial soil sample collected from outside the wetland (2WSD9) had PAH 
concentrations at least two orders of magnitude greater than the remaining samples from 
within the wetland. We calculated risks to small carnivorous birds and mammals due to 
ingestion of contaminated soil invertebrates including and excluding this sample from the 
average soil concentration. We presented risks based on both calculated averages to 
express the range of risks to these organisms. This will be clarified in the text. 

77. Pane 7-54. 84: While mammals and birdsfeeding directly on invertebrates may be maximally 
exposed to soil contaminants that do not bioaccumulate, they are unlikely to be maximally 
exposed to contaminants that do bioaccumulate. Potential eflects on these organisms cannot 
be properly evaluated based on risk calculations for other trophic levels. The effects of 
contaminants on aquatic birds that may be exposed to contaminants in a variety of media 
(sur$ace water, sediments, and biota) also cannot be evaluated with the risk calculations 
provided. 

We restricted our calculation of risk to certain trophic levels exposed via certain routes. 
Risk to small birds and mammals were calculated based on ingestion of contaminants in 
soil invertebrates. We acknowledge that some birds and mammals will be exposed to site 
contaminants through different exposure routes. However, we did not calculate risk for 
every exposure route as there is no method of doing so at this time. Also, our goal was 
to assess ecological risks, generally, rather than calculate a likelihood of risk for every 
species and every exposure route. 
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NAVY’S RESPONSE TO CTDEP’S COMMENTS 
OF NOVEMBER 25, 1991 (MARCH 26, 1992) 



-- NAVY RESPONSES TO THE CTDEP’S COMMENTS (NOVEMBER 25,199l) 
ON DRAFT IR REPORT (AUGUST 1991) 

General Comments 

1. Radiation surveys were per$ormed by Radiation Safety Associates, Inc. (RSA) of Hebron, 
Connecticut for the Area A Lam&ill, Goss Cove Landfill and DRMO. It is noted that the 
surveys are contained in a separately bound report. A copy of this report is required by the 
State for our records. 

This report has previously been provided. 

2. Please supply the report on the geophysical work peformed by Weston Geophysical of 
Westboro, Massachusetts. The RI report noted that the complete geophysical report is 
contained in a separately bound report. 

This report will be provided. 

-. =-- 3. Background concentrations for inorganics at the Groton Subase were based on the data 
supplied by the US Geological Survey for the Eastern United States. This data was used as 
the standard in determining whether site-related inorganic sampling results were exceeded. 
This is not an acceptable practice because of site-specific variations in geology and soil type. 
Background samples should be obtained for each site in determining whether site-related 
activities have had an impact on the site. 

These values were used for illustrative and comparative purposes. Even if we complied 
with this request, it would not affect the conclusions of the study with respect to human 
health or environmental impact. Actual metals concentrations were used in these 
assessments and in the calculation of risk. We would propose to add a discussion to 
indicate that actual background concentrations at this site are less than the USGS 
published values. 

4. Section I. 2.3. I, Page l-5: In 1991, the ClDEP issued a report containing revisions to the 
I987 “Connecticut Water Quality Standards and Criteria”. This section should be changed 
to reflect those changes. In addition, the last sentence in the second paragraph noted the 
following for the ground water classification of GB/GA: “The immediate goal, where 
appropriate, is to maintain the water at Class GB condition; the long term goal is to restore 
the water to drinking water quality (GA) I’. The State’s goal is to restore the ground water 
to drinking water quality for this chz.ssi@cation. It is inaccurate to state that there is an 
immediate goal to maintain the water at a Class GB condition. 

These requested changes to the text will be made. 



5. Section 3.7.2. Page 3-20: The ground water flow velocity should be 1.4 feet/day, not I. 7 
feet/day as stated in the text. 

This change will be made. 

6. Section 3.7.5, Page 3-27: There is a monitoring well idenhjied as 2LMWI3D listed in the 
text of this section. This monitoring well does not appear on Figure 3-16. Please idenhifj, 
where this monitoring well is located. 

Well 2LMW13S on Figure 3-16 is incorrect. It will be relabelled 2LMW13D. 

7. Section 3.7.5, Pane 3-35: In constructing the ground water elevation contour map for Area 
A, ofsite wells east of RT12 were pumped for twenty minutes before water level elevations 
were measured. The rationale for this procedure needs to be explained. 

The residential wells were pumped for twenty minutes to allow any drawdown to occur, 
thereby, the lowest well elevation was measured. The lowest well measurement (lowest 
elevation) was used because this represents a worst case condition with respect to ground 
water gradient from offbase wells to on-base wells (e.g., does well drawdown create a 
condition where on-base ground water contamination could migrate to offsite wells). 
This explanation will be added to the text. 

8. Plate 3-3: Ground water contours shown on this plate indicate that some of the water table 
elevations are plotted higher than the land surface. Please make appropriate corrections. 

This plate will be reviewed. 

9. Section 3.8. Page 3-48: Please indicated what source was used within the Town of New 
London to establish temperatures, variant ranges in temperatures and precipitation for 
southeastern Connecticut. 

The source was the Subase Master Plan. The Master Plan did not specify the specific 
source of the data. 

IO. Table 4-IA, Page 4-3. Under the column labeled ARAR for the State of Connecticut, 
Pesticide Control should be labeled as PesticidelPCB. 

This change with be made. 

II. Section I. 2.5.1, Page 4-18: It was noted in the I983 Initial Assessment Study (IAS) that 
some of the 55gallon drums were found leaking. Please note tf the soil samples acquired 
during the remedial investigation were taken from where the observed releases occurred. 

There is no specific documentation to indicate exactly where leaking drums were located 
in this area. However, based on the small size of the area, the three samples provided 
adequate screening of the site for potential contamination. 



-h 12. Section 4.5. Page 4-25: It is noted that the concentration of delta-BHC and methoxychlor 
from the sueace soil composite sample 4SS3C (Rubble Fill at Bunker A-86) is likely 
associated with past Area A pesticide applications and not from discrete disposal activities 
associated with this site. These compounds were not idenhped in any of the sampling results 
obtainedfrom the Area A (lanQil1, wetlands and downstream watercourses) site. Explain the 
rationale for the conclusion stated. 

The text will be revised to reflect both application or disposal as possibilities. We have 
recommended that this site proceed to Step II evaluation and in full extent of onsite 
contamination will be investigated. 

13. Section 4.6.1, Pane 4-25: It is noted that the highest concentration of an unknown VOC 
(possibly toluene) was detected at location SG-21 during the soil gas survey. Future 
investigations of the northern septic system (which formerly served the Torpedo Shops site) 
need to identify and qU&rIhn what the unknown VOCs are in this area. 

This area could not be sampled because accessibility was difficult with a drill rig. Well 
7MW2 was downgradient of this location, and significant concentrations of solvents were 
not detected in the ground water. A soil sample collected by hand auger will be 
considered for future investigation. 

- 

A 

14. Section 4.6.2. Page 4-31: An odor was encountered during the drilling of monitor well 
7MWI and was described as that similar to “‘Simple Green”. Idenhif the components of 
Simple Green and if the soil sampling results obtained from monitor well 7A4Wl correlate 
with this product. 

Requests to the company which produces “Simple Green” during the preparation of the 
IR report were unsuccessful in determining the components of this product. 

15. Section 4.8. Pane 4-47: It was found that field measured organic vapor readings for su@ace 
soil location 14SSID were detected above background levels for the Obdane site. This 
suflace soil sample came up non-detect under lab analysis for VOCs. Please identify what 
the background reading was on the PID and what may be the cause or source of the higher 
background levels. 

The PID reading was 50 ppm at 14SSlD, the background reading was 1 ppm. The 
cause of the reading is unknown but PIDs do give false positive readings at times. 

I6. Section 4. I I. I. 1. Page 4-58: Idenhif if any background readings were taken during the 
peformance of the radiation survey at the Area A LanQZ In addition, explain why gamma 
readings equal to or greater than 20 uR/hrfor each surveyed point was used as a benchmark 
for further investigation as to the origin of the radiation. it is noted that location 8.5E 
showed 21 uR/hr at waist level and 19 uR/hr in contact with the ground. Explain how the 
radiation level can be higher at the waist than in contact with the ground. 

In response to this comment, the following paragraphs have been excerpted from the 
Radiological Assessment Report. 



“Location 8.5-E showed 21 pR/hr at waist level and 19 pR/hr in contact with the 
ground. These levels were traced to a natural rock outcropping in that area. Most rock 
in New England contain some traces of naturally-occurring uranium, radium, and 
thorium; finding individual rocks or rock fragments with detectable amounts of 
radiation is not at all unusual and is not indicative of any radioactive contamination. 

Measurements of background radiation were taken outside the perimeter of each area 
surveyed as well as in several random locations around the base, such as on the golf 
course (at the corner of Shark Avenue and Wahoo Avenue), at the corner of Thresher 
Avenue and Corsair Avenue, and at the corner of Crystal Lake Road and the Military 
highway. Background gamma radiation measured between 12 and 15 FRlhr in all these 
locations. Background beta radiation in all locations measured 60-80 counts per minute. 
Background alpha readings were l-2 counts per minute. These levels are well within 
what is considered “normal” for this region. Any gamma reading of 20 pR/hr or more 
in the survey areas was investigated further. 

A gamma radiation reading of 20 pR/hr or more was used as a trigger point at which 
further surveys and evaluations were performed.” 

17. Section 4. Il. I. 4. Pane 4-74: It is noted that PCBs were detected in two sur$ace soil samples 
(2LSSl & 2LSS2) that are located adjacent to the concrete storage paa’ where drums, PCB 
transformers and electric switches were once stored. Figure 4-I 6 and Plate 4-I idenhifj, 
where the samples are located, but do not depict where the pad is located. The location of 
the pad should be depicted in the figure and plate. 

This request will be complied with. 

18. Table 4-32. Page 4-103: This table lists the ground water ARAR for benzene at 5 ppb. 
Table 4- I4 (page 4-45) notes that the To Be Considered (TBC) level for benzene is I ppb for 
ground water at the Goss Cove Landfill. Please explain why a d@erent standard is used at 
each location for the same constituent in the ground water. 

Table 4-14 will be revised to reflect the benzene ARAR as 5 ppb. 

19. Section 4. Il. 6. Page 4-I 18: Information on page 6-82 noted that surface water sampling 
locations (2DSW12 & 2DSWI3) are approximately ten feet away from the outfalls of the Area 
A Downstream Watercourses. This information should be included on page 4-I I8 when 
discussing suface water sampling results. 

This request will be complied with. 

20. Section 4. II. 6. Page 4-122: It is unclear where an upgradient sample designated as 
2LWSDl is located. 

This sample was incorrectly referenced in the text as 2LWSDl; it will be changed to 
2WSWl. It’s location is shown on Figure 4-16 and Plate 4-1. 
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- 21. 

22. 

23. 

24. 

25. 

26. 

Plate 4-I. End of Report: Monitoring well 2DMWI5S is not displayed on Plate 4-I. 
However, it is shown on Figure 4-22 on page 4-89. Please revise Plate 4-I to show the 
monitoring well location. 

The location of 2DMW15S will be added to Plates 4-1 and 6-l. Please note, as indicated 
on Figure 4-22, that this was only a boring because ground water was not encountered 
in the overburden. 

Section 6.2.3. Page 6-82: Title of this section should be “Qualt@cation of Exposure “for Step 
I sites. 

This heading pertains to both Step I and II sites. For the Step I site, the text is clear 
that the exposure is based on a qualitative basis. Therefore, this change is not believed 
to be required. 

Section 6.2.3. I. Pane 6-82: It was noted that the pesticides identified at the Rubble Fill at 
Bunker A-86 might be indicative of localized contamination because they were dtrerentfrom 
the pesticides detected at the NSB-NL.ON. This statement is contrary to the conclusion 
reached in Section 4.5 on page 4-25. The text on page 4-25 indicates that the pesticides 
were likely associated with historic Area A applications and not as a result of disposal 
activities identified with the Rubble Fill at Bunker A-86. 

The text in Section 4.0 will be revised to be consistent with Section 6.0. 

Section 8.1. I. 2. Pane 8-I: Although no further action was recommended for the CBU Drum 
Storage Area, further investigation is warrantedfor the following reasons: I) total petroleum 
hydrocarbons (TPH) were found at each sur$ace soil sample location at concentrations 
ranging up to 9800 ppm; 2) except for sample ISSI, TPH concentrations at the other two 
sample locations (lSS2 & lSS3 increased with depth); and 3) the composite sample (lSS4C) 
indicated the presence of two PAHs. Further sampling of soils is required to characterize 
the depth and lateral extent of contamination. The potential exists that ground water in this 
area may have been impacted from the documented leakage of drums which contained waste 
oil, lube oil, and paint materials. 

We feel the site has been adequately investigated and assessed to support the no further 
action recommendation. We will discuss it further with the CTDEP and the USEPA. 

Section 8.1.3.2. Page 8-3: The report has recommended that the Torpedo Shops proceed to 
the Step II phase of the Installation Restoration (IR) program. It is recommended that an 
inventory of compounds that are or have been used at the Torpedo Shops be compile to assist 
in a review of this site. 

Comment is so noted. 

Section 8. I. 4.2. Pane 8-5: Any future subgrade construction projects planned for the Goss 
Cove Landfill, on which the Nautilus Museum is located, should be noted in this section or 
that the information exists in Appendix E. In addition, it is noted that worker health and 
safety will be assessed for any future construction activities proposed at this site. Potential 
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public exposure to VOWS and/or fugitive dust should also be addressed in this assessment. 

The text will be revised to note that some utility reconstruction is being designed. We 
concur that exposure to VOCs and\or fugitive dust should be addressed in the 
construction plans/specifications. 

_ 

=w 

2% Section 8. I. 6.2, Pane 8-7: If any future construction activity is required at the Spent Acid 
Storage and Disposal Area, health and safety considerations should include the public. 

We concur. 

28. Section 8.2.1.2, Landfill Soils, Page 8-18: It was recommended that further soil sampling 
should be accomplished around the Area A concrete pad to define the full extent of 
contamination. In addition, a sampling plan to address PCB contamination of the concrete 
pad should be conducted. this plan should include area1 wipe samples and chip and/or core 
samples to determine the depth of potential contamination. This action appears appropriate 
due to the storage of drums and transformers on the pad and the subsequent discovery of 
PCBs in the soils adjacent to the pad. 

This request will be considered in the development of the supplemental field 
investigation work plan for this site. 

29. Area A Downstream, Pane 8-11: Further characterization of the area around sample 
location 2DMW15S may be necessary due to an unconfirmed report stating that past disposal 
may have occurred in this general vicinity. It is possible that the TCE and PCE detected in e 
the subsurface soils may be related to this activity. 

Further review of this claim with Subase personnel and an examination of aerial 
photographs did not substantiate this claim. 
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NAVY’S RESPONSE TO TOWN OF WATERFORD COMMENTS 
OF OCTOBER 16, I991 (MARCH 26, 1992) 



NAVY RESPONSES TO TRC COMMENTS 
ON DRAFT IR REPORT (AUGUST 1991) 

Town of Waterford 
(October 16, 1991) 

1. The recommendations contained in Section 8 summary and conclusions relative to moving 
forward with Step II investigations and feasibility studies for remediation are supported. We 
are particularly interested and supportive of the additional testing to be conducted in the 
Thames River. These investigations should include ground and sueace water quality 
monitoring on a regular interval. 

Additional ground water and surface water sampling and analysis will be conducted in 
future investigations. 

2. Sediment testing and sampling offlsh and shellfish adjacent to the base should be done. I 
have attached a report from John Volk, Director of the Agriculture Division of the State 
Department of Agriculture. This report on the status of shellfishing in the Thames River 
indicates that due to chemical and sewage discharges from the base (page 3) a prohibited 
area was established 1000’ into the River. 

The provided information will be considered in designing future field investigations. 

3. In your consideration of ARAR, the degree of remediation to be undertaken, particularly as 
it relates to compliance with state sueace and ground water quality classification goals, it 
is recommended that all reasonable eflorts be taken to identin and control discharges to the 
river. It is recommended that you contact Mr. Volk for any guidance he may be able to 
provide to you in studying the shel@h resources adjacent to the base. I have also attached 
the maps showing the location of shellfish beds leased by the Town of Water$ord in the 
Thames River. 

Comment so noted. 

4. In reviewing the information for the Goss Cove Land?ll, there appears to be some uncertainty 
regarding levels of radioactivity in samples taken. I raised the question at the last lTX 
meeting, whether or not the Navy had verified the disposal of all low level radwaste 
generated on the site. The answer is no. Will the Navy be reviewing its records of disposal 
of low level and other nuclear wastes generated onsite? 

In 1966, 1972, and again in 1989, the EPA conducted independent environmental 
monitoring for radioactivity associated with nuclear powered warships at SUBASE 
NLON. EPA monitoring included analysis of samples taken from SUBASE NLON and 
direct radiation level measurements using sensitive detection equipment. The results. of 
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the EPA monitoring confirm the absence of a threat to human health or the environment 
from radionuclides associated with the operation and maintenance of naval nuclear 
propulsion plant, and confirm those of separate Navy monitoring, reported annually. 
(See Naval Nuclear Propulsion Program Report NT-91-1). The EPA Results also verify 
that the Naval Nuclear Propulsion Program’s practices (e.g., prohibiting intentional 
discharge of liquids containing low-level radioactivity to the harbor environment, reuse 
of radioactive liquids to the maximum practical extent and solidification of those liquids 
that cannot be reused), and disposal facilities (radioactive waste associated with naval 
nuclear propulsion plants has never been buried at SUBASE NLON) have been 
successful in ensuring that there is no radioactivity associated with the Naval Nuclear 
Propulsion Program at or near SUBASE NLON that requires remediation. 

5. Sewage discharge was assumed to have been resolved with the connection of the base to 
public sewers. Mr. Volks letter indicates that sewage discharges are one of the reasons for 
the prohibited shellfish designation. Have all buildings been connected and are there any 
tests of surface and ground waters for fecal chloroform that have been conducted to 
determine if in fact sewage discharges are still occurring? 

Testing done for our National Pollution Discharge Elimination System permit application 
did indicate the presence of fecal coliform in some storm sewer discharges. We have 
requested funding to do a survey of the lower base storm and sanitary sewer systems to 
determine sources of any cross-connections. We intend to proceed as soon as funding 
is available. 

6. In my review of the study, there was not any discussion of eflorts to institute a set of best 
management practices to insure that spills and discharges of chemicals are prevented in the 
future. What actions have been taken to comprehensively address the handling of materials 
and should these eflorts be documented in this study. 

The intent of the remedial investigation was to characterize contamination that exists 
from past releases. Information on current management practices are not included in 
the report as they are not part of the focus of the study. The Submarine Base controls 
petroleum and hazardous materials through a number of structural and operational 
practices. We have recently completed a tank replacement program, where we replaced, 
abandoned or removed from service and emptied all oil storage tanks over 20 years old. 
Above ground tanks storing oil and chemical products have secondary containment 
systems. Our Spill Prevention, Control and Counter Measure Plan is currently being 
updated and all improvements recommended will be instituted. Hazardous material 
storage, use, and disposal are controlled by the SUBASE NLON Hazardous Material 
Management and Hazardous Waste Management Plans. Additionally, we have a Spill 
Contingency Plan with highly trained and well equipped personnel ready to response to 
any release. 
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NAVY’S RESPONSE TO NOAA’S COMMENTS 
OF SEPTEMBER 22, 1991 (MARCH 26, 1992) 



NAVY RESPONSES TO NOAA’S LETTER (SEPTEMBER 27,199l) 
ON DRAFT IR REPORT (AUGUST 1991) 

The comments from the National Oceanic and Atmospheric Administration (NOM) were 
reviewed. They principally included a summarization of the information included in the report. 
Most comments regarding additional investigation are already included in the site specific 
recommendations in Section 8.0. Therefore, no specific response to NOAA’s letter is provided. 

NAVY’S RESPONSES TO THE FISH AND WILDLIFE SERVICE COMMENTS 
(DECEMBER 6, 1991) ON THE DRAFT IR REPORT (AUGUST, 1991) 

1. General 

Several of the “To Be Considered ” (TBC) values and background concentrations used for the 
NSBXLON investigation appear high. The soil or sediment TBC values for PCB (10 ppm), 
DDT (500 ppb) and the background concentrations for several inorganics exceed the tenth 
percentile eflect range (ER-L) concentrations presented by Long and Morgan (1990). The 
e$cect ranges, ER-L for the tenth percentile and ER-M for the 50th percentile, suggest the 
potential for adverse biological eflects. Though the effect ranges have varying degrees of 
confidence for dtrerent contaminants, and were developed primarily for marine sediments, 
the concentrations provide some guidelines for assessing freshwater sediments. 

Many of the inorganic contaminant concentrations detected at the site may fall within the 
95% background range of variation developed from Shacklette and Boemgen (1984), but it 
should be made clear that some of these levels may be potentially hazardous to biota. My 
concern is that soil or sediment samples with concentrations at or slightly above these upper- 
range background levels would be considered “safe “. It may be prudent to collect soil 
samples in undisturbed areas of the site or in the general area to determine tf the values 
derivedffom the U.S. Geological Survey paper are similar to site-spe@ic background levels. 

These vahres were used for illustrative comparative purposes. Even if we complied with 
this request, it would not affect the conclusions of the study with respect to human 
health or environmental impact. Actual metals concentrations were used in these 
assessments and in the calculation of risk. We would propose to add a discussion to 
indicate that actual background concentrations at this site are less than the USGS 
published values. 

2. Rubble Fill Site Near Bunker A-86 

At the site, an elevated concentration of arsenic (I27ppm) was detected in St&ace soil 
sample 4SS3C. I could not locate this sampling station on Figure 4-2 (pg. 4-22); only 4SSI 
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and 4SS2 are marked. This concentration suggests a need for additional soil sampling to 
fully delineate the area requiring remediation. 

As indicated in the text on pages 4-18, sample 4SS3C is a composite sample from 
location 4SSl and 4SS2. Additionai sampling has been recommended in Section 8.0. 

3. mclo Shop -- 

There is a small drainage ditch along the west site of Building 450, the Torpedo Shop A 
small pipe under the building’s asphalt apron connects the ditch to the catch basin that:: 
empties down to SW/so-1: A soil/sediment sample should be considered for the small ditch~ 
beside the building. During the site visit, the cover for this ditch ‘s catch basin appeared to 
be stained with paint residue. It should be noted for this site that since the swale at SW/SD 
I has been recently disturbed by land-moving activities, new sampling at this station may 
reveal lower contaminant levels. 

Although there is considerable human activity at the Torpedo Shop and much of the area is 
built-up land, exposure to ecological receptors remains a possibility. The small grassy bank 
between Buildings 4.50 and 325, the drainage swale, and the nearby leach field/lagoon are 
areas likely to be utilized by several species of birds along with species of amphibians and 
reptiles. 

These comments will be considered in the development of Step II work plan. 

4. Goss Cove Landfill 

The field investigation for the Goss Cove Land!11 did not include sediment sampling in the 
adjacent Thames River. Elevated levels of several inorganics were detected in soils at the 
site and sampling of nearby river sediments appears appropriate. During the landfill 
operations, site contaminants may have entered the river through runoflor erosion. On the 
site visit, the oil containment booms below the large ougalls at the USS Nautilus, beside the 
former landfill, were noteworthy. The sewer drainage of the tank farm may not be part of 
the CERCXA investigation, but has there been any sampling in the sediments below the 
oufalls to determine SVOC levels or the impacts of oil discharges to benthic organisms? If 
small discharges occur on a regular basis, this area should be investigated. 

Investigation of surface water and sediment quality within the adjacent Thames Rivt% 

has been recommended in Section 8.0 of the IR report: 

5. &ea A Wetrand 
- 

It appears in Figure 4-16 (page 4-66) that SW-I exists in a drainage between the Perimeter 
Security Road and Route 12. Plate 4-l does not show the Perimeter Road, so the station may 
be within the wetland boundaries. Is SW-l the upgradient location? If SW-l exists in an 
upgradient drainage, a description of the drainage within the NSB-NLON boundaries and east 
of Route 12 would be useful. We did not visit this station during the site visit. It would be 
useful to know if this drainage contains the same heavy iron floe or orange precipitate found 
downstream of the Area A wetland in the adjacent OBDA drainage. A comparison with 
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upgradient sites may indicate that the wetland or Area A land!11 are the sources of the floe. 

In previous sediment sampling, DDT was detected in the range of 17 ppm within and 
upgradientfrom the Area A wetkntd These levels are potentially harmful to fish and wildlife. 
Cadmium, chromium, copper, lead, mercury, and zinc were also detected above the ER-L 
concentration. A more comprehensive sampling plan, particularly to determine the extent of 
DDT contamination, appears warranted to identifr portions of the wetland and Area A for 
remediation. 

Sample 2WSWl is located east of Perimeter Road and is an upgradient location with 
respect to the wetland and landfill. These sample points did not contain the “iron floe”. 
The watershed is residential/undeveloped and wooded. 

Regarding DDT contamination in the wetland, Section 8.0, page 8-18 includes a 
recommendation for additional sampling in the wetland. - 

6. Area A Wetland 

A more intensive eflort should be made to idenhfi the fish species in the open water areas 
of the wetland. The habitat of the area and the reported sighting of otter further down the 
drainage suggests that semi-aquatic species may be exposed to site contaminants. Due to the 
presence of piscivorous birds and mammals in the area, this potential exposure route should 
be investigated more thoroughly. 

Catbird fledglings were used to quantify exposure in the terrestrial food web near the Area 
A wetland and Downstream watercourses. I have not obtained the paper by Menzie et al. 
(1991), but I would echo the comment by the oversight contractor that the habitats and prey 
items at the NSB-IVLON and the Manomet Bird Observatory may not be similar. I have 
requested a copy of the paper from Atlantic; perhaps Menzie describes the dtrerences in the 
two sites in his paper. I do not view this issue as a problem, only as a point requiring 
clartfication. 

These comments will be discussed with the USEPA relative to the ecological assessments. 

7. Downstream Watercourses and OBDA 

In the drainage between the upper pond and the Area A wetland, SW/WD samples were not 
collected. This drainage contains the same iron floe or orange precipitate described above. 
SW/SD samples shot&l be collected from this drainage, and an assessment of the fisheries 
or benthic fauna, tf any, in the drainage should be provided. If a depauperate 
macroinvertabrete community is found, toxicity testing may be the next step for these 
drainages. Even is laboratory bioassqs indicate that the waters or sediment are not toxic 
to the test organisms, the impact of thefloc or precipitate on the quality of the habitatforfish 
and macroinvertabretes in the stream should be discussed. During our visits, the depth 
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of the floe layer on the bottom substrate and on the rocks and woody debris in the streams 
was striking. 

Fish species in the two small ponds below Area A shouti be identified for the exposure 
assessment. The report states that fish were not observed in these ponds, but it is unclear 
if any fish collection was attempted. The upper pond appears more suitable fish than the 
lower pond. Iffish are not present in the lower pond, I would expect a variety of amphibians 
to utilize the area. During the site visit, this pond looked like a good mole salamander 
breeding pool. 

i 
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These comments will be discussed with the USEPA relative to the ecological assessments. 

8. DRMO 

As discussed during the October 8th visit, the Thames River sediments directly adjacent to 
the DRMO should be samples due to the likelihood of transformer oil and other contaminants 
entering the river through erosion, sur$ace water runofl and periodic flooding. Station 
SW/SD-l2 may not detect PCBsfrom the DRMO and higher concentrations may be found in 
sediments closer to the site. 

Refer to Section 8.0, page 8-25, which provided recommendations for Thames River 
sediment sampling. 

9. Miscellaneous \ 

4 
Since it is likely the wetlands at the site will require remediation, a wettka!s delineation 
along with a function and value analysis should be conducted. 

We a? aFare that wetlands exist in A&CA, and the general boundaries are known. 
Theme&regulations will be considered as an ARAR. Following the Feasibility 
Study, and as part of any remedial design, specific wetlands boundaries will be 
established at that time. 
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NAVY’S RESPONSE TO MR. FROMER’S COMMENTS 
OF OCTOBER 13, 1991 (MARCH 26, 1992) 

- 



ROBERT FROMER LETTER (October 13. 1991) 

1. Section 8.1.4.1, Health and Ecological Risk Assessment, ‘B 3, page 8-5: The report claims 
that contaminant concentrations in the ground water at Goss Cover are expected to be below 
water quality criteria after further dilution in ground water, attenuation due to adsorption 
to soils, and dilution in the lhames River estuary. Further study is essential to determine 
the leachate rate as a function of time. Experience in Connecticut with the pesticide EDB 
indicates that the porosity of sand pam’cles serves as a reservoir for long-term leaching. The 
previous philosophy that, “dilution is the solution to pollution ” seems still prevalent in this 
report. Consideration should be given to removal of contaminated soils as a remediation 
method. While the contaminants discharged into the lhames River may be relatively small, 
the Navy must take into consideration the cumulative pollution in the river. This is especially 
important considering the State of Connecticut, Department of Environmental Protections 
policy of “no net loss of attainment in water classt@cation ,,. 

Recommendation 4 on page 8-6 states that a quantitative health and environmental risk 
assessment of the potential impacts of the site on the Thames River should be conducted 
to verify the quantitative assessment. The Navy intends to proceed with this assessment. 

2. Section 8.2. Area A Downstream Watercourses, ! 2, page 8-9: Since the streamjlows under 
the golf course, consideration should be given to any correlations between pollutant levels 
and any pesticide applications on the course. 

The source areas of pesticides have been determined to be upgradient of the golf course 
based on the analytical data. 

3. Section 8.2. Ecological Risk Assessment, panes 8-17 to 8-18: The study investigated the 
impact on terrestrial and aquatic species; however, since there is ground water 
contamination, an expansion of the study is essential to include subterranean species to a 
spectfied depth. Ground water is not so pure as to be devoid ofJix.um and flora. 

The assessment in inadequate, speculative and inconclusive. There is no correlation that the 
wildlife sampled in the study are representative of the ecological impacts. For example, to 
deduce that based on a few samples of catbirds, the risks to birds feeding on soil 
invertebrates appears to be low is preposterous. This presumes that all birds in the area 

feeding on the same menu have ami identical biochemistry. In the absence of hard evidence 
to the contrary, I claim that the presumption is mythical and mystical. 

Further, the assessments are not statistically based creating serious questions as to their 
conclusive legitimacy. There is too much presumption in the analysis. For example, because 
the shrew is maximally exposed by diet, the investigators conclude that it would have the 
greatest exposure to DDTR. There is no objective study clearly demonstrating the level of 
exposure by shrews in the area. Even if the exposure is greatest, the shrews body chemistry 
may metabolize the DDlR without harry%1 eflects. 

The methods employed in the ecological risk assessment were either developed by the 



EPA for use in similar situations such as the equilibrium partitioning (EP) method or 
are currently widely used for the same purpose as they were used in this assessment 
such as the simple bioaccumulation models. They are, therefore, appropriate for use 
in ecological risk assessment. 

Because of the large number of species present at the site and the complexity of the their 
interrelationships (which is true of many sites), certain species were selected for 
assessment based on their feeding and migratory patterns and their abundance on the 
site. The intent of the assessment was not to assess risks to all species. The EPA and 
U.S. Fish and Wildlife Service were consulted as to the appropriateness of species 
selected for assessment. 

There is additional sampling planned for the site with regard to ecological receptors. 
This plan will be reviewed by the TRC and EPA. This will provide further opportunity 
to have direct input. 

4. Section 8.2.3. Lower Subase. Dapes 8-23 to 8-25: Because of nuclear activities at the lower 
base, this area requires study and monitoring of radioactivity. Such expansion of the study 
would secure the public’s confidence in its integrity. In fact, all Step I and II areas should 
be monitored for radioactivity. 

In 1966, 1972, and again in 1989, the EPA conducted independent environmental 
monitoring for radioactivity associated with nuclear powered warships at SUBASE 
NLON. EPA monitoring included analysis of samples taken from SUBASE NLON and 
direct radiation level measurements using sensitive detection equipment. The results of 
the EPA monitoring confirm the absence of a threat to human health or the environment 
from radionuclides associated with the operation and maintenance of naval nuclear 
propulsion plants, and confirm those of separate Navy monitoring, reported annually. 
(See Naval Nuclear Propulsion Program Report NT-91-1). The EPA Results also verify 
that the Naval Nuclear Propulsion Program’s practices (e.g., prohibiting intentional 
discharge of liquids containing low-level radioactivity to the harbor environment, reuse 
of radioactive liquids to the maximum practical extent and solidification of those liquids 
that cannot be reused), and disposal facilities (radioactive waste associated with naval 
nuclear propulsion plants has never been buried at SUBASE NLON) have been 
successful in ensuring that there is no radioactivity associated with the Naval Nuclear 
Propulsion Program at or near SUBASE NLON that requires remediation. 



1.0 INTRODUCTION 

On May 15, 1990, Atlantic Environmental Services, Inc. (Atlantic) was retained by the 
Department of the Navy, Northern Division-Naval Facilities Engineering Command, 
Philadelphia, Pennsylvania to conduct an Installation Restoration (IR) Study at the Naval 
Submarine Base-New London (NSB-NLON) located in Groton, Connecticut. The work included 
tasks outlined in the Statement of Work for Architect/Engineer Contract N62472-88-C-1294 
dated May 16, 1988. 

This IR Study was conducted in accordance with the Final Plan of Action prepared by 
Atlantic and dated April 1989. The Plan of Action included a Field Sampling Plan, a Health 
and Safety Plan, and a Quality Assurance/Quality Control Plan. 

During the course of this study, NSB-NLON was placed on the National Priorities List 
(NPL) by the U. S . Environmental Protection Agency (USEPA), pursuant to the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) of 1980. NSB-NLON 
was proposed for listing on the NPL on October 26, 1989 and was listed on August 30, 
1991. The NPL, or Super-fund list, is USEPA’s data base of uncontrolled or abandoned 
hazardous waste sites identified for priority remedial actions which meet or surpass a 
predetermined hazardous ranking system score. 

The IR consists of two levels of investigation and evaluation. The Step I Site Inspection 
phase is applicable to seven of the eleven identified sites at NSB-NLON. The objectives of the 
site inspection (Step I) are to determine the presence or absence, as well as the order of 
magnitude, of specific toxic or hazardous contaminants, or other contaminants which may be 
present in concentrations considered to be an environmental risk. Step I includes an initial field 
sampling program to identify if contamination is present onsite and warrants a Step II remedial 
investigation. 

The Step II Remedial Investigation/Feasibility Study (RI/FS) is applicable to the 
remaining four sites, where onsite contamination was identified in previous investigations. Step 
II involves comprehensive onsite investigations in order to determine the extent of contamination, 
assess health and environmental risks and evaluate remediation alternatives. 

Specific Step I and Step II sites are listed and described in subsequent sections of tbis 
repofi- 

Atlantic’s point of contact (POC) at NSB-NLON for this project is Mr. William 
Mansfield, Head of Environmental Branch. Ms. Adrienne Townsel is the Engineer-in-Charge 
(EIC) representing the Northern Division of the Naval Facilities Engineering Command, 
Philadelphia, Pennsylvania. Paul Marchessault is the Project Manager for the USEPA. A 
Technical Review Committee (TRC) was established and provided review and guidance 
throughout the project. TRC members are listed below. 

Mr. W. Haas, Town Planner 
Town of Ledyard 

Mr. Robert Framer 
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Mr. Thomas Wagner Mr. Ronald Ochsner 
Town of Waterford Citizen 

Mr. Eugene A. Cioffi 
Citizen 
Mr. Chuck McGuire 
CINCLANTFLT (N4423A) 

Mr. Remy H. Davis 
City of New London 
Ms. Adrienne Townsel 
NORTHNAVFACENGCOM (Code 14) 

Ms. Deborah Jones 
Wetlands Planner 
Town of Groton 

Norman Richards, Ph.D. 
Environmental Consultant 
City of Groton 

Dr. Clifford Striba 
Director of Health 
Uncas Health District 

CDR Nelson G. Goddard 
Public Works Officer 
Naval Submarine Base New London 

Mr. Paul Jameson 
Site Remediation and Closure 
Waste Management Branch 
Connecticut DEP 

Mr. Richard Massad 
Environmental Engineer 
Naval Submarine Base New London 

Mr. William Mansfield 
Director, Environmental Office 
Naval Submarine Base New London 

Mr. Paul Burgess 
Atlantic Environmental Services, Inc. 

1.1 Purpose of Benort 

The purpose of this IR report is to present a description of the remedial investigation, the 
findings of that investigation, and an assessment of those findings in terms of risks to public 
health and the environment. 

This report has been revised to incorporate comments from TBC members as 
explained in the preface. Ali revisions to the text are shown in bold print. The more 
significant changes include the following: 

l revisions to incorporate changes in USEPA MCLs; 

l revisions to incorporate the adoption of numerical water quality standards 
by the CTDEP; and 

l the changing of final recommendations at three Step I sites (CBU, 
OBDANE, and Former Gasoline Station) from no further action to 
recommending supplemental Step I investigations. 

The Feasibility Study (FS), an evaluation of alternatives for remediation of the Step II 
sites, will be presented under separate cover. 
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.----=-- 1.2 Site Background 

This section of the report provides a description of the site location and area land use. 
A discussion of the area water quality classifications and water supply is also provided. This 
is followed by a general description of the Subase history, and a detailed description of each site 
investigated. 

1.2.1 Site Location 

The NSB-NLON consists of approximately 547 acres of land and associated buildings in 
southeastern Connecticut in the Towns of Ledyard and Groton. NSB-NLON is situated on the 
east bank of the Thames River approximately six miles north of Long Island Sound. Figures 
l-l and l-2 show the site vicinity and the site location, respectively. 

The site is bounded to the east by Connecticut Route 12, to the south by Crystal Lake 
Road, and to the west by the Thames River. The northern border is a low ridge that trends 
approximately east-southeast from the river to Baldwin Hill. 

1.2.2 Site and Area Land Use 

+--- 

NSB-NLON currently provides a base command for naval submarine activities in the 
Atlantic Ocean. Additionally, NSB-NLON includes housing for Navy personnel and their 
families, submarine training facilities, military offices, medical facilities, and facilities designed 
for the maintenance, repair, and overhaul of submarines. 

Land use adjacent to the site is generally residential or commercial. Adjacent land use 
is shown on Figure l-3. Residential development along Military Highway, Sleepy Hollow, Long 
Cove Road and Pinelock Drive borders the site to the north and extends north into the Gales 
Ferry section of Ledyard. Property along Route 12 to the east of the site consists of widely- 
spaced private homes and open, wooded land. Farther south on Route 12, development is mixed 
commercial and residential, and includes a church, automobile sales and repair facilities, 
convenience stores, restaurants, and a gas station. Private residences and an automobile service 
station are located along the south side of Crystal Lake Road; farther south is housing for Navy 
personnel. 

1.2.3 Water Oualitv Classifications and Water SUDDI~ 

1.2.3.1 Water Oualitv Classifications 

- I 

The State of Connecticut Department of Environmental Protection (CTDEP) has classified 
the Tbames River quality as SC/SB. This classification designates the water for marine fish, 
shellfish, and wildlife habitat, certain aquaculture operations, recreational uses, industrial 
and other legitimate use, and indicates the waters presently are not meeting water quality 
criteria or not supporting one or more designated uses due to pollution (CTDEP 1992). 

The CTDEP has classified the ground waters beneath the central and southern portions 
of the site as GB/GA. A classification of GB/GA indicates that the ground water may not be 
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suitable for direct human consumption without treatment due to waste discharges, spills, 
chemical leaks, or land use impacts. GB/GA waters may be useful for industrial process waters 
or cooling waters. The State’s goal is to restore the water to drinking water quality (GA). 

The ground water beneath the north portion of NSB-NLON is classified by CTDEP as 
GA. Sites included on the north portion of NSB-NLON include the DRMO, and the Area A 
Landfill and adjacent sites. The GA classification signifies ground waters presumed suitable for 
direct human consumption without the need for treatment. The CTDEP’s goal is to maintain 
drinking water quality. 

1.2.3.2 Water SUDD~V 

The Groton Water Department supplies potable water to NSB-NLON. The primary 
source of the Groton water supply is reservoirs which are supplemented with wells. The water 
supplies are located within the Poquonock River Watershed, located east of NSB-NLON, which 
is not within the NSB-NLON watershed. 

/-- 

Homes on Route 12 adjacent to the northeast portion of the site have individual onsite 
drinking water wells, as do homes north of NSB-NLON on Sleepy Hollow, Long Cove Road, 
and Military Highway. Two trailer parks near the site have wells classified as public water 
supply wells. The Colonel Ledyard Mobile Home Park, located on Sleepy Hollow adjacent to 
the North Gate has a well that supplies between 15 and 20 families. The Grandview Trailer 
Park, located at the intersection of Long Cove Road and Route 12, has two water supply wells. 
There are several irrigation wells onsite at the golf course which have not been used for several 
years. The public water supply well locations are shown on Figure l-3. 

1.2.4 General Site Historv 

In 1867, the State of Connecticut donated a 112-acre parcel on the east bank of the 
Thames River to the Navy. The Navy did not use the property until 1868 when it was officially 
designated a Navy Yard. The site was then used to moor small craft and obsolete warships, and 
as a coaling station for the Atlantic fleet. 

The Navy Department designated the site a Submarine Base in 1916. During World War 
I, facilities at the base were expanded extensively; six piers and 81 buildings were added. In 
1917, a Submarine School was established and in 1918 the Submarine Medical Center was 
founded. 

NSB-NLON experienced another period of growth during World War II. Between 1935 
and 1945 the Navy built in excess of 180 buildings and acquired adjacent land to expand NSB- 
NLON from 112 to 497 acres of land. 

- ? 

The growth of NSB-NLON continued after World War II. The Medical Research 
Laboratory was established in 1946. In 1968 the status of the Submarine School was changed 
from an activity to a command and became the largest tenant on the base. The Naval Submarine 
Support Facility was established in 1974 and the Naval Undersea Medical Institute was 
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established the following year. At present, NSB-NLON consists of over 300 buildings on 547 
acres of land (U.S. Navy, 1988). 

1.2.5 Site Descriptions 

This section summarizes available information for each of the eleven sites investigated 
and includes details of past and future usage, findings of previous investigations (including 
chemical data where available), and observations made during site inspections. The sites are 
listed below and their locations are shown on Figure l-4. Site numbers in parentheses refer to 
numbers assigned in a 1982 Initial Assessment Study (IAS) performed by Envirodyne Engineers, 
Inc. to identify and evaluate past hazardous waste disposal sites at NSB-NLON. The IAS study 
is discussed further in Section 1.2.6. Site numbers were used in this investigation primarily to 
identify analytical samples and are not repeated throughout the report. 

Selected sites identified in the IAS report have been evaluated as part of this project. 
Two sites (Torpedo Shops and Former Gasoline Station) were added to the study. The Torpedo 
Shop was not recommended for further evaluation by the IAS report, however, the Navy felt that 
a Step I investigation was warranted. The Former Gasoline Station, not identified in the IAS 
report, was added as a Step I site. 

Step I Sites 

l Construction Battalion Unit (CBU) Drum Storage Area (Site 1) 
l Rubble Fill at Bunker A-86 (Site 4) 
l Torpedo Shops (Site 7) 
l Goss Cove Landfii (Site 8) 
l Over Bank Disposal Area Northeast (OBDANE) (Site 14) 
l Spent Acid Storage and Disposal Area (Site 15) 
l Former Gasoline Station (Site 18) 

Step II Sites 

l Area A (Site 2) 
l Over Bank Disposal Area (Site 3) 
l Defense Reutilization and Marketing Office (DRMO) (Site 6) 
l Lower Subase (Site 13) 

The site information which follows was developed from the IAS report, Atlantic’s site 
inspection, and interviews with Navy personnel. Future land use and construction information 
was obtained from interviews with Mr. Joseph Simmons, Shore Facilities Planner. 

1.2.5.1 CBU Drum StoraPe Area 

The Construction Battalion Unit (CBU) Drum Storage Area is located in the northern 
section of NSB-NLON adjacent to the deployed personnel parking lot and the Area A Landfil.l. 
Figure l-5 shows site topography, drainage features, and utility information of this site. The 
site is situated on a flat, open area at the edge of a wooded hillside that slopes down toward the 
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- site at a 25 to 30 percent grade. The size of the site is approximately 15 feet in width by 30 
feet in length. The site is unpaved. Surface drainage from the site flows northeast across the 
unpaved deployed parking lot and into the Area A Wetland. 

In 1982 the IAS identified twenty-six 55-gallon drums of waste oil, lube oil, and paint 
materials at the site. Some of the drums were leaking at that time. The IAS concluded that the 
site had not been used for several years. 

Atlantic inspected the site on October 20,1988 and observed two 55-gallon drums labeled 
as engine oil. No surface soil staining or stressed vegetation was evident. According to 
Mr. William Mansfield, the drums noted in the IAS report were removed and properly disposed 
of by the Navy; the two drums observed in 1988 subsequently have been removed. 

1.2.5.2 Rubble Fill at Bunker A-86 

Bunker A-86 is located on a dirt road off Wahoo Avenue in the north central section of 
NSB-NLON. Area A landfii is adjacent to the north, and the Subase hazardous waste storage 
facility is adjacent to this site to the south. A site plan showing topography, drainage features, 
and utility information is shown as Figure l-6. The rubble fill area is located to the north of 
the dirt road and to the west of the bunker. The size of the site is approximately 25 feet in 
width by 60 feet in length. The site is on a wooded hillside that slopes down to the north- 
northeast at an approximately 30 percent grade. Surface drainage from this site also flows 

- north-northeast toward the Area A landfii and wetland. 

The IAS report identified discarded construction materials including concrete, asphalt, 
an electric motor, tar buckets, wood, and gravel. The report concluded that material had not 
been disposed at this site for more than ten years before the date of the IAS inspection (1982). 

Atlantic personnel inspected the site on October 20, 1988 and noted that the majority of 
the material present at that time was construction debris (wood and concrete products). 
Chemical containers found at the base of the fill during this inspection included an empty 5- 
gallon container of monothanolanine (labeled as a corrosive product), an empty 5-gallon 
container of thorite (labeled as non-shrinking compound for patching concrete) and a 55-gallon 
drum of lube oil that was approximately 10 percent full. 

A parking lot is planned for the area south of Bunker A-86. Construction will include 
terracing and grading south of the bunker, but is not expected to disturb the subject site. 

1.2.5.3 Tomedo ShoDs 

The Torpedo Shops are located in the northern portion of NSB-NLON on the north side 
of Triton Avenue. Figure l-7 shows topography, drainage features, and utility information. 
The site is bounded to the east and north by 60 foot high bedrock cliffs. The remainder of the 
site slopes down to the southwest. An earthen berm extends along the base of the eastern 
portion of the exposed rock face. Surface runoff from the site flows southwest to drainage 
swales and storm sewers located on the south side of Buildings 325 and 450. Runoff contained 
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by the berm, as well as the storm sewer system, drains through culverts under Triton Avenue 
into the Area A down-stream watercourses and eventually into the Thames River. 

Building 325 is a torpedo overhaul facility. It was built in 1955 and had an onsite septic 
system until 1983, when all plumbing facilities were connected to sanitary sewers. The original 
septic field for Building 325 is located to the southwest of the building, adjacent to Triton Road. 
This leach field became clogged in 1975 and was abandoned. A new leach field was constructed 
next to the original distribution box and was used until sanitary sewers were installed in 1983; 
it is referred to as the south system in this report. Fuels, solvents and petroleum products 
used in Building 325 may have been discharged to this septic system. 

Atlantic personnel performed a visual inspection of Building 325 on March 20, 1989. 
According to interviews with onsite personnel, a variety of fuels, solvents and petroleum 
products have been used in the building. Otto fuel (a nitrated ester which produces hydrogen 
cyanide when burned), high octane alcohol (190 proof), and TH-Dimer (jet rocket fuel) were 
observed in maintenance areas. Solvents including mineral spirits, alcohol, and l,l,l- 
trichloroethane and petroleum products such as motor oil and grease have been used in this 
building for weapons overhauls. A sink in one area was previously used for film development, 
and another sink was used for the overhaul of high alkaline batteries. This plumbing drained 
into the septic system onsite until 1983. The maintenance area has a shallow sump that is 
covered with a steel grating flush with the floor. The area surrounding this sump was previously 
a washdownlblowdown area for weapons; it is not known where this sump drains. An 8000- 
gallon underground fuel oil tank is located on the south side of this building. 

A smaller attached building to the east was inspected. It had been used previously as an 
Iy 

assembly shop for torpedoes and was a paint shop at the time of inspection. A storage closet 
in this building included containers of 1 , 1 , 1-trichloroethane and methyl ethyl ketone (MEK). 
Hazardous waste drums were stored outside on the east side of this building. The drums were 
labeled as containing propane, isobutane, MEK, xylot, methylene chloride, propellant, and zinc 
chromate. 

An addition to the north side of Building 325 is under construction at present. Upon 
completion of the addition, the building will continue to be used as a torpedo shop. 

Building 450 is the primary MK-48 torpedo overhaul/assembly facility. It was built in 
1974 and was served by its own septic system until 1983, when it was co~ected to sanitary 
sewers. Such operations generate fuels, solvents, and petroleum products as wastes. An Otto 
fuel and seawater mixture is drained from the torpedoes which are then replenished with fresh 
fuel. The IAS study reported that Building 450 generates 2950 gallons per month of wastewater 
contaminated with Otto fuel. This building was constructed with a waste collection system 
which collected waste products from floor drains and discharged to a 15OOf gallon underground 
waste tank/sump. The waste tank was pumped periodically and the contents were disposed of 
offsite. Otto fuel product was previously stored in a 4000-gallon underground tank south of 
Building 450. Onsite personnel report that solvents including 1 , 1 , 1-trichloroethane, 
trlchloroethylene, toluene, mineral spirits, alcohol and bulk freon have been used at this facility. 
Petroleum products including 12-250 motor oil and hydraulic fluid have also been used in this 
building for torpedo maintenance. Building 477 was formerly used to store Otto fuel in drums. 
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In the past, only domestic wastewater from toilets, lavatories, and showers in Building 450 was 
directed to the septic field (north system). 

Atlantic personnel performed a site inspection of Building 450 on March 20, 1989. The 
former septic leach field is located southwest of this building in a flat elevated area just east of 
Ammunition Bunker A-91. The hazardous waste sump was no longer in use and, reportedly, 
had been deactivated in 1987. It was replaced with three lOOO-gallon above ground tanks to the 
south of the building. The floor drains were sealed and replaced with a new system for pumping 
waste products to the new tanks. A 4000-gallon above ground storage tank for Otto fuel is 
located to the south of the building, replacing the previous tank. 

No construction is planned for the immediate future at Building 450. 

1.2.5.4 Goss Cove Landfill 

The Goss Cove Landfill site is located in the southwest portion of NSB-NLON, adjacent 
to the Thames River. It is west of the intersection of Crystal Lake Road and Military Highway, 
east of the Thames River and north of Goss Cove. Figure l-8 is a site plan showing site 
development, topography, drainage features, and utility information. The Nautilus Museum and 
a paved parking lot are constructed directly over the site of the former landfill. The Nautilus 
Museum is a submarine museum operated by the Navy and open to the public. 

.I”‘. The IAS report indicates that a landfii was operated onsite from 1946 until 1957. 
Incinerator ash and inert rubble were disposed at the site, in what was then the northern portion 
of Goss Cove. It is not known what other materials may have been disposed in the landfii. 
Mr. William Mansfield reported that several large compressed gas cylinders were. uncovered 
during the excavation of a utility trench in the parking area north of the Nautilus Museum 
building. One of the tanks was leaking propane, one was filled with ammonia, and the others 
were empty. 

Atlantic personnel reviewed archive photographs for the Goss Cove area available at the 
Connecticut State Library. In the 1934 aerial photograph, the original limits of Goss Cove 
appear to be open water with no evidence of fill. The railroad tracks are shown at their present 
position between the cove and the Thames River. In 1951 aerial photographs, the ffl extends 
south approximately to the location of the current access driveway to the museum. The 1965 
aerial photographs show the landfiill extending to the present limit of encroachment on Goss 
Cove. Aerial photographs from 1965, 1970, 1975, and 1980 show cars parked on the landfii 
surface. In the 1986 photographs, the Nautilus Museum is present on the southern limits of the 
landfii and a paved parking area extends over the remaining limit of the landfii to the north. 
Construction of the Nautilus Museum was completed in 1985. 

Atlantic personnel reviewed boring logs prepared for the construction of the Nautilus 
Museum. The boring logs note the presence of fti material consisting of cinders, metal, brick, 
glass, and sand and gravel, and extending to a depth of fifteen feet. Beneath the fill is a layer 

- c I of organic silt approximately ten to fifteen feet thick; this material is likely the sediments from 
the bottom of the former cove. The silt is underlain by fine sand to depths ranging from 25 to 
100 feet below the surface. The thickness of overburden increases from east to west. 
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Construction projects planned at the Goss Cove site include a new storm sewer under the 
parking lot, an addition onto the east side of the building, and a pumping station east of the 
building. The Town of Groton is opening a public park on Goss Cove, along Military Highway 
south of the site. There will be access to the Nautilus Museum from the park via a wooden 
walkway. 

1.2.5.5 Over Bank DisDosal Area Northeast (OBDANE) 

The Over Bank Disposal Area Northeast (OBDANE) site is located in a heavily wooded 
area on the edge of a ravine northwest of the Area A Landfii and south of the Torpedo Shops. 
A dirt road provides limited access to the site, which is wooded. Figure l-9 is a site plan 
showing topography and drainage features. A nearly vertical 20 foot high bedrock face is 
located at the eastern edge of the site. The rest of the site slopes to the southwest. Surface 
runoff flows to the southwest into a stream which flows from the Area A wetland. The stream 
then flows along Triton Road and ultimately discharges into the Thames River at the southern 
end of the DRMO site. 

The IAS report stated that the vegetation at the site indicated that no dumping had 
occurred within ten years of their investigation (1982). Atlantic personnel inspected the site on 
September 30, 1988 and verified the IAS report of the presence of several empty fiber drums. 
No visual staining or stressed vegetation was observed at this time. 

No development of this area is planned at this time. 

1.2.5.6 Smmt Acid StoraPe and Disoosai Area 

This site is located in the southeastern section of NSB-NLON between the southern side 
of Buildings 409 and 410. Figure l-10 is a site plan showing topography, drainage features and 
utility information. The site consists of a relatively flat area completely covered with concrete 
or bituminous pavement. A catch basin and storm sewers collect surface runoff which is 
directed to the south, ultimately to the Thames River at Goss Cove. 

The IAS study reported that this area was used before and after World War II for the 
temporary storage of waste battery acid in a rubber-coated underground tank. The tank was 
reportedly 12 feet long by four feet wide by four feet high. The batteries were placed on a 
concrete pad next to the tank where some acids occasionally leaked, although no major spills 
were recorded. A review of a 1951 aerial photograph indicates that the area around the tank 
was not paved. Acid from the batteries was stored in the tank and, when full, it was pumped 
into a tank truck and disposed in the Area A La&ii. 

Atlantic personnel inspected the site and found the outline of the top of the tank. The 
area is completely covered with concrete and only the lip of the tank is visible. 

Future plans for the site area include the demolition of Buildings 409 and 410, and the 
construction of a warehouse over their present location. 
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1.2.5.7 Former Gasoline Station 

The Former Gasoline Station site is located in the roadway and parking area just south 
of Building 164 (Dealey Center) in the west central portion of the NSB-NLON. Figure l-11 
shows the site topography, drainage, utility information and the former gas station structures. 
The site is entirely covered with asphalt and slopes down to the southwest toward Shark 
Boulevard. Surface runoff drains into storm sewers located on the north and south sides of 
Grenadier Avenue and the east side of Shark Boulevard. 

The gasoline station operated from 1940 to the early 1960s. When originally constructed 
in 1940, the gasoline station had only one garage bay and one pump island. The locations of 
the underground storage tanks and the method of sewage disposal are not known. In 1950, the 
site was renovated. Site plans show that the original gasoline island was removed and replaced 
by two islands located on the south side of the garage building. The original garage building 
was replaced by a smaller building with a lubrication bay attached to the northeast comer. A 
250-gallon underground storage tank for waste oil was installed under the floor of the lubrication 
bay. Site plans show the fuel feed lines to the two 8000-gallon and one 10,000-gallon 
underground gasoline tanks located on the southeast section of the site. Navy personnel did not 
know if these were the original tanks installed in 1940. 

A 1960 site plan shows that the site was served by sanitary sewers at that time. The plan 
also shows a third gasoline island parallel to and south of the others. Aerial photographs 
indicate that the gasoline station was demolished between 1962 and 1964. It is not known if the 
gasoline tanks and associated piping or the waste oil tank were removed. 

Atlantic personnel inspected this site on March 20, 1989. No evidence remained of the 
gasoline station or the underground tanks. 

No construction on the site itself is planned, however, it is likely that Building 96 located 
south of the site will eventually be demolished. 

1.2.5.8 Area A 

The discussion of this site is divided into three areas: Area A Landfill; Area A Wetland; 
and Area A Downstream Watercourses. Figure 1-12 is a site plan showing site development and 
drainage features. A figure showing topography of Area A is provided in Section 4.10. 

Area A Landfill: The Area A Landfii is located in the northeastern and north-central 
section of the NSB-NLON. It is approximately seven acres in sire. The depth of the landfill 
deposit is ten to 20 feet, based on test boring data. Access is via a dirt road off Wahoo Avenue. 
The Area A Landfii is a relatively flat area bordered by a steep, wooded hillside that rises to 
the south, a steep wooded ravine to the west, and the Area A Wetland to the north. Aerial 
photographs show that the landfii appears to extend east along the wetland to as far as the 
present position of the tennis courts. Runoff from the landfill drains as overland flow north into 
the Area A Wetland, which subsequently discharges to the Area A downstream watercourses and 
into the Thames River. A review of aerial photographs appears to indicate that the most filling 
occumxl on the eastern and western limits of the landfii. 
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According to the IAS report, the landffl opened sometime before 1957, however, a 1957 
aerial photograph shows no apparent landfilling, indicating a somewhat later startup date. 
AU materials generated by base operations that were not salvageable were incinerated, and 
the residues were disposed in the Goss Cove and Area A Landfills. The base incinerator 
ceased operating in 1963, and from 1963 to 1973 all wastes were disposed in the landfill 
unburned. During this time, all non-salvageable materials generated by the submarines and base 
operations were disposed in the Area A Landfill. The former incinerator was located north 
of the Lower Subase along the waterfront at the present location of Building 478. 

The area fti method was reportedly used in landfii operations. New refuse was dumped 
from the face of previously deposited refuse and covered with earth. The cover material used 
on the landfii was gravel obtained from the Groton water supply reservoir. 

Landfiig operations ceased in 1973. After closure, a concrete pad was constructed in 
the southwest portion of the landfii for above ground storage of industrial wastes. The pad is 
still in existence and is located adjacent and to the northeast of Building 373, and south of 
the dirt road that extends through this area. At the time of the IAS survey, 42 steel drums, 
87 transformers (mineral and PCB), and 60 to 80 electric switches were stored on the pad. Two 
transformers and several electrical switches were leaking. Past leakage of oil was also evident. 
Most drums were stacked on wooden pallets and those having PCB labels were covered and 
bound with plastic sheeting. All of these materials have since been properly disposed offsite. 

The IAS report also noted that refuse, including steel drums, oxygen candles, wood 
scrap, metal scrap, concrete, and tires, was exposed at the edge of the landfill adjacent to the 
wetland. The IAS reported that petroleum compounds had recently been poured from containers 
and had flowed into the wetland at two locations (northwestern portions of landfii). The IAS 
report also stated that when batteries were overhauled, spent sulfuric acid solution was 
transferred to barrels and transported to Area A for disposal. The acid was poured into 
trenches dug with a bulldozer and subsequently covered with soil. 

Atlantic personnel performed an inspection of the Area A Landfill on September 30, 
1988. Orange leachate was observed along the toe of the slope of the landfii extending from 
the dike to the east end of the deployed parking lot. The slope of the landfill had been covered 
with fill and material in the landfii was not visible. 

Sand bags and contractors’ supplies and equipment were stored over the former landfii 
at the time of the inspection. Several transformers, removed underground storage tanks, cmne 
weights, and other equipment were stored on the concrete pad in the southwest portion of the 
landfill. The remainder of the landfill is not paved. 

The construction of a paved parking lot on the southeast end of the Area A Landfill was 
planned but has been delayed indefinitely. 

Area A Wetland: The Area A Wetland abuts the north side of the landfi’i and is 
approximately 30 acres in size. The maximum wetland sediment thickness is approximately 35 
feet, based on boring information. Based on the boring logs, the total volume of dredged 
material in the wetlands is approximately 1,170,000 cubic yards. Until the late 195Os, this 
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portion of the site was undeveloped, wooded land. In the late 19% dredge spoils from the 
Thames River were pumped to this area and contained within an earthen dike that extends from 
the Area A L.andfrll to the south side of the Weapons Storage Area. The dredged sediments, 
in combination with the elevated water table due to the damming of the stream, appear to have 
created this large wetland. There is a small pond located at the southeast end of the wetland and 
between one and three feet of standing water is present during all seasons. Phragmites is the 
predominant type of vegetation. Atlantic learned during the course of this study that, previously, 
pesticide “bricks” were placed on the wetland ice during winter and allowed to melt and 
discharge into the wetland for mosquito control. 

Several construction projects are planned for the Weapons Storage Facility at the north 
end of the Area A Wetland. The facility was constructed partially on the dredged fill material 
and settlement has occurred in several areas. Routine maintenance and security improvements 
that are planned include grouting and waterproofing bunkers, repaving roads, and the installation 
of culverts and regrading associated with these activities. The Navy also plans to build more 
magazines and bunkers in this area within ten years. 

Area A Downstream Watercourses: The Area A Downstream Watercourses drain the 
Area A Landfii and Wetland and ultimately flow into the Thames River. The Area A 
Downstream Watercourses include North Lake and several small streams which discharge from 
Area A and the Torpedo Shop and ultimately discharge to the Thames River. 

The primary discharge point from the Area A Wetland is through four 24-&h metal 
culverts through the dike. This discharge forms a small stream which flows west for 
approximately 200 feet and into a small pond. Under normal flow conditions, this pond 
discharges to a small stream which flows north and then west toward Triton Avenue (past 
OBDANE site). The stream continues flowing west under Triton Avenue and Shark Boulevard 
and eventually discharges to the Thames River at the DRMO outfall. This pond also has a 
discharge structure on the south side. During periods of high flow and high water at the pond, 
water also flows out through this structure to a stream which flows south from the Over Bank 
Disposal Area site. A second pond to the south of the pond referenced above is formed by 
ground water inflow, and flows to the west around North Lake as shown on Figure 1-12. 

Ground water also discharges from Area A to a small wetland at the base of the dike and 
the Over Bank Disposal Area site. A stream flows from this wetland west toward North Lake, 
a recreational swimming area for Navy personnel. Under normal flow conditions the stream 
enters a culvert which bypasses the pond and discharges to a stream below the outfall of the 
pond. This stream flows west under Shark Boulevard and through the golf course to the Thames 
River. There is a manhole adjacent to North Lake that connects to another pipe which was 
designed to discharge overflow water from North Lake. The invert elevation of this pipe is 
several inches higher than the main culvert, so that under normal flow conditions no water flows 
to the pond. Under substantial runoff conditions, however, it is likely that some water 
discharges to the pond from this stream. At the time of Atlantic’s site inspection, the pond had 
been drained, yet some water remained in the pond, indicating that it receives ground water 
recharge. 
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A 
5 Further development is not planned for this area and is not likely as most of the 

downstream watercourse area is within designated Explosive Safety Quantity Distance (ESQD) 
arcs of the Weapons Storage Area. Navy regulations prohibit construction of inhabited buildings 
or structures within these arcs and, while existing buildings operate under a waiver of these 
regulations, no further construction is planned. 

1.2.5.9 Over Bank Disuosal Area (OBDA) 

The Over Bank Disposal Area (OBDA) is located on the slope of the dike below and 
adjacent to the Area A Landfii. It is located on the southwestern end of the dike where the 
slope approaches 45 degrees. A small wetland exists at the base of the dike. Figure 1-13 shows 
the site topography, drainage features and objects observed during Atlantic’s site inspection. 

This area was a disposal site after the earthen dike was constructed in 1957. In 1982, 
it was the fmding of the IAS survey that the material had been there for many years. The IAS 
study reported that the materials were not covered and included thirty partially covered 200- 
gallon metal fuel tanks and scrap lumber. 

- 5 

Atlantic personnel inspected the site on September 30, 1988 and observed approximately 
thirty empty, unlabeled 2OO-gallon tanks, old creosote telephone poles, several empty unlabeled 
55-gallon drums, and rolls of wire. Orange sediments were observed in the water discharging 
from the base of the dike embankment. The drainage from this wetland has been discussed in 
Section 1.2.5.8. 

Background data and the topographic/hydrologic setting indicates that the OBDA and the 
Area A Landfii, Wetland, and Downstream Watercourses are closely related. Therefore, in 
subsequent sections of the report, data from and discussions of the OBDA are grouped with 
those of Area A. 

1.2.5.10 Defense Reutilization and Marketiw Off& CDRMO) 

The Defense Reutilization and Marketing Office (DRMO) site is adjacent to the Thames 
River in the northwestern section of NSB-NLON. The DRMO site is the storage and collection 
facility for items to be sold at auctions and sales held periodically throughout the year. Figure 
1-14 shows the site topography, development conditions, and utilities. The land is relatively 
flat, low lying and prone to flooding. All drainage flows west to the Thames River. The 
southern half of the DRMO is covered with asphalt, most of which is deteriorated. The northern 
portion is unpaved. 

The DRMO site was used as a major base landfill and burning ground from 1950 to 
1969. The materials burned and landfilled included construction materials, combustible scrap, 
and other non-salvageable waste items. These materials were burned on the Thames River 
shoreline of what is now the DRMO. The residue was pushed to the shoreline and partially 
covered. 

- 

Atlantic personnel reviewed archive aerial photographs for the DRMO area. The 1934 
photographs show ffl in the southern portion of the existing site. Fill for the bulkheads and the 
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docks south of the DRMO did not exist at this time. Aerial photographs from 1951 show the 
land in its present configuration, except for the northwest portion, which was not filled at that 
time. 

- 
L 

Atlantic personnel inspected the site on September 30, 1988. Metal and wood products 
were stored throughout most of the site. A large scrap yard is located north of Building 479. 
Submarine batteries were stored in the southeast portion of the site adjacent to the railroad 
tracks; no leakage was observed. Buildings 479 and 355 are located within the paved area to 
the south and are used primarily for storage. Building 491, located in the unpaved area to the 
north, is used for miscellaneous storage, including batteries. Metal bailing operations are 
performed adjacent to Building 491 on a gravel surface. Based on an inspection of the building 
plans, Atlantic personnel identified the presence of a former battery acid handling facility at the 
north section of the site, within Building 491. An in-ground rubber-lined tank and associated 
pumping facilities were noted on the plans. DRMO personnel indicated that the tank actually 
may have been installed directly adjacent to the building to the east. 

Future plans for this site include the construction of a Conforming Storage Facility for 
the temporary storage of hazardous wastes generated at NSB-NLON. 

1.2.5.11 Lower Subase 

The extent of the Lower Subase site under investigation is shown on Figure 1-15. The 
site is bounded on the west by the Thames River and to the east by the Penn Central Railroad. 
This investigation extends to and includes Building 29 (Power Plant) to the north and Building 
85 to the south. 

The Lower Subase is the original Subase and, therefore, the history of its use dates from 
1867. Most of the construction at the Lower Subase took place in the early 1900s with a major 
expansion between the years 1935 and 1940. 

Based on previous investigations (detailed in subsequent sections), potential sources of 
fuel oil contamination on the Lower Subase have been identified. These sources are summarized 
below. 

Building 79 Waste Oil Pit: Building 79 is located adjacent to one of the areas of 
contamination identified by the Navy Environmental Support Office (NESO) and Wehran 
Engineers reports (NESO, 1979 and Wehran, 1987, respectively). This area contained a railroad 
spur, and diesel train engines were serviced inside the building. The service area included a pit 
into which waste oil and solvents were reportedly drained during the cleaning and servicing of 
diesel engines. The pit is no longer in use and is filled with concrete. Available building maps 
show a subsurface drain pipe extending from the pit to outside the building foundation toward 
Albacore Road. The discharge location is not shown on the maps. 

Power Plant Oil Tanks: These four underground tanks (A, B, C, D) were located 
adjacent to and east of the power house (Building 29). Tanks A and B contained No. 6 grade 
fuel oil which was pumped to them from the tank farms on the south end of NSB-NLON. Tank 
C contained diesel oil and Tank D contained waste oil from the bilge water oil recovery system 
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at the power plant. The tanks have been in place since World War II. Mr. Mansfield reported 
that past oil leakage was apparent when the old tanks were cleaned, however, the old tanks were 
repaired and are now used as containment structures for three new tanks. The new tanks have 
a capacity of 150,000 gallons each and are constructed of steel. 

Fuel Oil Storage Tanks at Building 107: Five concrete underground storage tanks were 
located southwest of Building 107 and were in use since World War II. Three of the tanks (E, 
F, and G) had a 125,000-gallon capacity each and were used to store diesel fuel. Tanks K and 
L were used to store lube oil and had a 25,OOO-gallon capacity each. A sixth tank, H, is located 
adjacent to and north of tank E. This tank has a 30,tXKl gallon capacity and was used as a 
reclamation tank for the other five tanks. Tanks E, F and G have been properly abandoned and 
new steel tanks have been installed at locations K and L. Tank H is presently out of service. 

Fuel Oil Distribution Svstem: Distribution systems are in place on the Lower Subase 
for No. 6 fuel oil and diesel fuel. The lines are used to convey fuel to the power house, to the 
tanks under the ball fields near the main gate, and to fuel ships at the piers. The No. 6 fuel and 
diesel lines along Argonaut Road were replaced in the late 1980s. The No. 6 fuel oil line is 
contained in concrete lined trenches shared with other utilities, including steam and condensate 
lines. Diesel fuel lines were buried directly. All diesel fuel lines have been replaced in the 
1980s and all #6 oil lines will be abandoned in the future. 

Atlantic personnel investigated Building 79 on September 30, 1988 and revisited the 
Lower Subase on November 7, 1988. Numerous manholes throughout the Lower Subase were 
inspected. Oil contamination was observed in one electric manhole north of Building 79 on 
Albacore Road. The oil appeared to be No. 6 fuel oil which entered the manhole through 
subgmde utility ducts. A detailed discussion of utility manhole inspections is provided in a 
subsequent section. 

1.2.6 Previous Investigations 

This subsection summarizes seven previous environmental studies conducted at the NSB- 
NLON. The information in these studies was used in developing the scope of work for this 
investigation and was considered in defining the nature and extent of onsite contamination. The 
seven investigations are listed below and are cited fully in the references to this section. 

l NESO, Report of Lower Base, 1979 
l Envirodyne, Initial Assessment Study, 1982 
l Wehran, Lower Base, 1987 
l Wehran, Verification Study - Area A, OBDA and DRMO, 1988 
l GZA, Conforming Storage Facility Report - DRMO, 1988 
l Fuss & O’Neill, Inc. Underground Storage Tanks - Lower Base, 1989 
l U.S. Navy, North Lake Analytical Data, 1988-1990 

1.2.6.1 NESO ReDort of Lower Base (19791 

In 1979 the Navy Environmental Support Office (NESO) conducted a study to determine 
the source and extent of oil contamination at the Lower Subase. The study was initiated to 
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investigate oil found in soils along the riverfront and oil slicks reported in the pier area. NESO 
drilled a total of twelve soil borings and installed piezometers in each borehole to determine the 
amount of oil floating on the water table. Figure 1-16 shows the locations of borings installed 
in this investigation except for NESO-1, which is north of this investigation area near Pier 12. 
Soil samples from each boring were analyzed for oil content. A ground water sample was 
collected from each piezometer to check for the presence of oil and, where present, to check 
product thickness. 

The study identified contamination near the powerhouse tanks extending toward the 
Thames River, to a lesser degree around the tanks south of Building 107, and northwest of 
Building 79. The oil found in the vicinity of Building 79 was identified as a lubricating oil. 
The -0 report recommended the abandonment of the building waste oil pit (it was filled with 
concrete) and the installation of a recovery well system near Building 79. A recovery well 
system was installed near Building 79 in 1985 (approximate) and operated for a period of several 
months. It was determined to be ineffective and was abandoned. 

1.2.6.2 Initial Assessment Studv ReDort (1982) 

In 1982, Envirodyne Engineers, Inc. (Em&dyne) performed an Initial Assessment Study 
(IAS) of NSB-NLON as part of the Navy Assessments and Control of Installation Pollutants 
(NACIP). The purpose of this study was to identify and evaluate past hazardous waste disposal 
practices and to assess the potential for environmental contamination. The Envirodyne study 
recommended further investigation and testing at the following three sites: Area A LandFrl; Over 
Bank Disposal Area; and DPDO (now DRMO) site. As previously discussed, all potential waste 
disposal sites identified in the IAS have been included as part of this Installation Restoration 
study. 

1.2.6.3 Site Investigation ReDort - Subsurface Oil Contamination - Lower Subase 
(1987) 

In 1987, Wehran Engineers and Scientists (Wehran) completed an investigation of the 
subsurface oil contamination at the Lower Subase. The objective of the study was to determine 
the horizontal extent and interrelation among the heavy oils detected in earlier studies. Soil from 
test borings, sludge from manholes and ground water from monitoring wells was tested to 
determine type of oil, degree of weathering and general levels of contamination. The Wehran 
report conclusions and recommendations were as follows. 

Three separate oil contaminated areas seem to be present. 

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

2) The manholes, soils and ground water in the vicinity of Building 79 are 
contaminated with a #6 fuel oil that is greater than one year old and 
trace levels of waste oil. 
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k=- 3) The manholes, soil, and ground water in the vicinity of Buildings 29 and 
345 are contaminated with #5 and #6 oils. 

Recommendations for these three sites include: 

1) the inspection of the #6 fuel line and the subsequent cleaning of the 
trench; 

2) oil mopping of the sludge oil in the manholes and/or excavation of the 
oil laden soils; and 

3) an additional study of the operations and distribution of oil in Building 
29, including further study of the adjacent contaminated manholes. 

Recommendation #l was completed with the replacement of the #6 and diesel lines from 
the valve house at the entrance to the Lower Subase along Argonaut Road to the Power House. 
The fuel lines along Corvina Road to the piers have also been replaced recently. 

1.2.6.4 Verification Study - Area A. OBDA and DRMO (1988) 

In December of 1984, Wehmn began a verification study of Area A, OBDA, and the 
DRMO. The purpose of the study was to determine whether toxic and hazardous materials 
identified in the IAS study were present onsite, and to further assess the potential impact of the 
contamination on human health and the environment. Wehran sampled and analyzed surface 
water, sediment and soils. The results of the investigation are summarized below. 

Area A and OBDA; The Verification Study of the Area A and OBDA consisted of three 
rounds of surface water and sediment sampling and analysis at six locations in the vicinity of the 
Area A Wetland and Downstream Watercourses, as shown in Figure 1-17. One of the six 
locations, SW-2, was in the wetland at the base of the Over Bank Disposal Area. Sampling was 
performed between December 1984 and April 1985. The first round of samples was analyzed 
for volatile organic compounds (VOCs) and semi-volatile organics (SVOs), which include 
polynuclear aromatic hydrocarbons (PAHs), pesticides, polychlorinated biphenyls (PCBs), and 
inorganic compounds. The samples from the second and third rounds were analyzed only for 
VOCs and inorganics. The results are summarized on Tables l-l and l-2. 

Analyses of surface water samples showed the highest concentration of VOC 
contamination (methylene chloride 0.31 ppm) in the vicinity of the landfill (SW-5) and in the 
surface water discharging from the landfill (SW-2, SW-3). SVOs were detected in the surface 
water of the Area A Wetland (SW-l) and Downstream Watercourses (SW-2). Metals were 
detected in all six surface water samples. Sample SW-6, located upstream of the wetland, had 
the lowest level of metals, while all other sample locations had generally consistent levels. 

Analytical results from sediment samples showed VOCs (methylene chloride and toluene) 
at all sampling locations. SVOs were detected at SW-1 on the far side of the wetland adjacent 
to the Weapons Storage Area. Pesticides including DDT, DDE, and DDD, were detected in all 
six samples. The sample closest to the landfii (SW-5) had the lowest concentrations of 
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I TABLE l-l 
AREA A AND OBDA VERIFICATION STUDY (1988) 

SUMMARY OF SURFACE WATER ANALYTICAL DATA 

Methylene chloride 1 ND 1 0.27 1 0.19 1 ND 1 0.31 1 ND I I I I I I 
.: :...: . . .:.:. : .:..... -.:.. . . . ...> ,.,,,. &n&J+&i.h? o&n&$ (pph), .: : .:.:..I : :i.::I~I~..i...;;jil~.~:j,ij::.~:i:i::l, ,. . :...: ._:. .: . . . .: :‘. .: .:,,: 
Bis(Zethy1 hexyl) phthalate 0.118 0.44 ND ND ND ND 

Butyl benzyl phthalate 1 0.115 1 ND 1 ND 1 ND 1 ND 1 ND 

Di-n-octyl-phthalate 0.245 0.032 ND ND ND ND 
.. 

. . . . : 2i&wgu?lscd: ~$kz) . . :. :...I;. 
.:. 

. . . . . . .:: .: . . . . : ::~~::~~~:.,:~.~,~:~~~~:~~~..~~ 

Antimony 0.4 0.4 0.2 0.2 0.2 

Arsenic 

Cadmium 

Copper 

ND ND ND 0.004 ND ND 

ND ND ND 0.03 ND ND 

0.03 0.12 0.02 0.02 0.02 ND 

Nickel 1 0.08 1 0.04 1 0.03 1 ND 1 0.03 1 ND 

Zinc 

Cyanide (total) 

0.1 0.152 0.1 0.08 0.05 0.05 

0.175 ND ND ND ND ND 

Phenols (total) I ~~~ ~~ ND 1 0.096 1 0.132 1 0.188 1 0.194 1 0.092 

I 1. Results shown are the greatest concentrations for the three sampling rounds. ND - Not detected. 
2. Samples collected from December 1984 to April 1985. 
3. Source of analytical data (Wehran, 1988). 
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ARE3 A AND OBDA VERIFICATION STUDY (1988) 
!XJMMARY OF SEDIMENT ANALYTICAL DATA 

:: . . . . . . . . . . . :.. 
para”efy.:. ..: 

‘.:.:: .,:,: : . . . . :. 2.: :.::: :,:. : 1..,: ,,.: ,:..: .::. IiYYi; : .:: ,+yi~pieLD~ 
. ...; ::‘Si-l 

: .,:. .: ,.,.. .:.., .i::I:i:::.:..~.:‘-.:.-‘:-I~: 

‘.. 1 :sw-3 1 sw-4:, 1 SW-5 1 ,, :sw-6 

> : ‘. .:. : ,’ .,‘. ‘..‘:.:‘:: ,:’ ..: :, ,:, ::, ,.j:.: j : .V~~ &&y&J @pm.. 1.‘. ..,::,‘.‘j,:i:.: : .;,:.,.j ~:i;.‘:.i;.i.::j~i::.;ii.~I.!.i:. . . . ::::.::... 
Benzene ND 0.24 ND ND ND ND 
Chloroform ND ND ND 0.01 ND ND 
Methylene chloride 0.29 0.15 0.018 0.016 0.031 0.027 
Toluene 0.016 0.016 0.1 0.092 0.058 0.036 

., .,. : . . ,. : ..:f.{:ii.‘:.: “’ ~:i.;;.@+4?b* q&r&i+ @p&w). ‘. .. “.I’.: :..i ..: :: i.$..,:;::~: 5:;. j:.. ./ : ......:.: 

.,: ,,,.. :.. :.: : j:. . . . . . . . . “:j.::. : “:.....:..). :..::.. :. .: :.. ; : .::‘.I ,.:‘;:;.‘:.::. _,,,.: .:..:I’:. ,:...,:.:. :::, :. p&&$&/pcBs @pq),’ ,:,:-j ~~“:‘:i:,,:;;;’ ‘::::::.i!::..~::~:~.r:..I ::;..~::i.l:‘;_~‘:;,l’.::- 

4,4DDD ‘. - ND.. 79 91 17 0.01 12 
4,4 DDE 0.0048 7.4 2.5 1.3 0.093 0.82 
4,4 DDT 0.022 59 4.8 17.6 ND 17 

Samples collected from December 1984 to April 1985. 
Source of analytical data (Wehran, 1988). 
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.z contaminants. Samples SW-2 and SW-3, located in the downstream area below the dike, 
contained the highest concentrations of pesticides. 

Ten metals and cyanide were detected in sediment samples collected from Area A. 
Antimony, arsenic, cadmium, chromium, mercury, copper, lead, nickel, zinc, and thallium were 
detected. Elevated levels of cyanide were detected in the sediment at SW-l which is near the 
Weapons Storage Area. 

DRMO: The Verification Study at the DRMO was conducted in December 1984. 
Sample locations are shown on Figure l-l 8. Three soil borings were drilled in the landfill 
material. Soil samples were collected continuously to a depth of ten feet. The samples were 
cornposited (0 to 10 feet) from each boring and analyzed for VOCs, SVOs, pesticides/PCBs, and 
inorganics. The results are presented in Table 1-3. 

VOCS and SVOs were detected primarily at samples B-l and B-3. Elevated levels of 
some metals (e.g., lead) were also detected at B-3. 

1.2.6.5 Conformiw Storage Facility ReDort - DRMO (1988) 

In November of 1988, Goldberg-Zoino & Associates, Inc. (GZA) conducted a study at 
the DRMO site in preparation for the siting of a Conforming Storage Facility (hazardous waste 
storage) at the northern portion of the DRMO site. GZA installed four test borings and collected 
four composite samples for analysis as part of the field investigation for this study. Sample 
locations are also shown on Figure 1-18. The samples were analyzed for USEPA priority 
pollutants including VOCs, SVOs, pesticides/PCBs, inorganics, total cyanide and total phenols. 

Semi-volatile compounds were detected in samples BH-3 and BH-4. Pesticides (DDE) 
and PCBs (Arochlor 1254) were detected in sample BH-1. Cyanide was detected in sample 
BH-3. No VOCs or Phenols were found in excess of laboratory detection limits. Results are 
summarized in Table l-4. 

1.2.6.6 Hvdromolopic Investigation. Undermound StoraPe Tanks - Lower Subase 
J1989) 

In 1989 Fuss & O’Neill, Inc. conducted a hydrogeologic investigation of two 
underground storage tank sites on the NSB-NLON, one of which is located within the study area 
on the Lower Subase. The study was initiated due to subsurface soil contamination encountered 
during construction activities in the area. The Fuss & O’Neill investigation at the Lower Subase 
focused on a 30,000-gallon concrete oil reclamation tank designated as tank H and located west 
of Building 107 (Figure l- 16). Tank H was used as an oil reclamation tank for the five 
underground storage tanks located adjacent to it to the south. 

Four monitoring wells were installed around tank H and locations are shown on Figure 
1-16. Well depths were approximately ten feet. Soil samples were collected during the drilling 
and field screened for volatile organics (organic vapor analyzer). Ground water samples were 
collected and analyzed for volatile aromatic hydrocarbons and also scanned for petroleum 
products (U.S. Coast Guard Method CG-D-52-77). 
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I TABLE l-3 I 

I DRMO VERIFICATION STUDY (1988) 
SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA I 

1,l -Dichloroethene 0.03 ND 0.026 
1 .ZDichloroethene 0.011 ND 0.039 
Methylene chloride 
Toluene 

0.036 ND 0.057 
0.096 0.041 0.076 

1 , 1,l -Trichloroethane 
Trichloroethvlene 

0.013 ND ND 
ND 0.03 0.011 

Anthracene 
Benzo(a)anthracene 

5 ND 1.6 
5.35 ND 5.6 

Benzo(b)fluoranthene 
Benzo(k)fluoranthene 

2.35 ND 3.55 
3.3 ND 1.95 

Thallium 
Zinc 

Cyanide (total) 
1. Source of analytical data (Wehran, 1988). 

4.44 2.99 4 
103 8.19 1050 

0.07 0.07 0.1 
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I TABLE l-4 
DRMO CONFORMING STORAGE FACILITY REF’ORT (1988) 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA I 

Volatile Organics I ND I ND I ND I ND 

Fluoranthene 

Pyrene 

Chrysene 

ND ND 1400 

ND ND 1300 2700 

ND ND 920 1200 

Benzo(b)Fluoranthene I ND-r ND 1 ND 1 920 

4,4 DDE 

PCB (Arochlor 1254) 

41 ND ND ND 

570 ND ND ND 

Arsenic 

Beryllium 

Cadmium 

2.7 1.4 3.2 3.3 

2.4 0.2 0.36 4.2 

0.98 ND ND ND 

Total Chromium 27 18 18 18 

Copper 25 72 66 

Lead 340 17 120 64 

Nickel 83 11 11 20 

Silver I 1.3 I 1 I 0.98 I 0.82 

Zinc 

Cyanide 

1900 62 69 190 

ND 0.69 ND 

1. Source of analytical data (Wehran, 1988). 

PHASE I RI NSB-NLON l-40 AUGUST 1992 



Soil samples collected from 10 to 12 foot depths as FO-13, FO-14, FO-15 and FO-16 
had organic vapor readings of 22, 800, 40, and 410 ppm (methane equivalence), respectively. 
Ground water analytical results are summarized in Table 1-5. No floating petroleum product 
was identified in the wells. 

TABLE l-5 
LOWER !3UBASE 

HYDROGEOLOGIC INVESTIGATION, UNDERGROUND STORAGE TANK H 
SUMMARY OF GROUND WATER ANALYTICAL DATA 

.: .‘:.:I ~Ifj@mitef .: :. ... : :: F@@.‘: Fo-14 ,: .FO;U : j :. :. : Fo;rf$ _ 
Fuel Oil (ppm) 97 1100 750 21 

Toluene (ppb) 11 ND ND ND 

Xylems (ppb) 9.6 ND ND ND 

1. Source of analytical data (Fuss & O’Neill, 1989). 
I 

1.2.6.7 North Lake Analvtical Data 

=-- 

Since 1988, soil and water samples from North Lake have been tested by the Navy for 
a variety of parameters to determine if the lake is safe for recreational use. Sampling has been 
conducted at the lake due to its proximity to the Atea A disposal site. However, it is noted that 
the lake is ffied each season with municipal water and is chlorinated during the summer 
months. 

Both soil and water were tested for priority pollutants in the spring of 1988 and 1990. 
Low levels of metals, including mercury, were measured in the sand. Low to moderate levels 
(lo-3000 ppb) of phthalates were intermittently detected in the lake water. The lake was retested 
monthly in the spring and summer of 1990. Low levels of phthalates were detected once during 
this period. Mercury was also detected in beach sand in one April 1990 sample, but was not 
detected in lake water or other soils collected during the spring of 1990. Sampling was 
conducted in the fall of 1990 to determine the extent of mercury in beach sand; no mercury was 
detected. Navy laboratory data for North Lake are summarized in Table l-6. 

1.3 ReDort Owanization 

The following subsection provides a brief overview of the remaining sections of the 
report. Report organization follows USEPA CERCLA guidance (USEPA, 1988). 

1.3.1 Site InvestiPation 

Section 2.0 provides details and procedures used to conduct the site investigation and 
laboratory analytical program. Procedures and sampling plan summaries are provided for the 
radiation, geophysical and soil gas surveys; soils investigation, ground water investigation, 
ecological investigation, and a summary of the quality assurance/quality control program is also 
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TABLE l-6 
NORTH LAKE 

SUMMARY OF SURFACE WATER AND SEDIMENT/BEACH SAND ANALYTICAL DATA (ORGANIC3 AND INORGANICS) 

I 
SAMPLE April March May JdY 

PARAMETER 
April 

DATE: 
April March 

1988 
April May 

1990 1990 
August 

1990 1988 1988 1990 1990 1990 1990 
SAMPLE Water Water Water Water Soil soil soil soil soil soil 

(East Gate) 1 

301 NA 1 3.9 1 

Cadmium 
Chromium 
Copper 
Iron 
Lead 

ND ND 
ND ND 
0.1 ND 

ND1 ND/ NAj 

Zinc ND1 0.0421 NA[ 

Arsenic 
Chromium 
Lead 
Thallium 
Copper 
Nickel 

NAI NAI 
NAI NAI NA] NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA -25-t 

0.251 NAI NAI NA( 

NAI NAI NA 

ND] NAI 1.6 1 0.72 1 0.85 1 ND 
6.3 1 NAI 5.71 NAI 5.11 



TABLE l-6 (continued) 
NORTH LAKE (OCTOBER 1990) 

SUMMARY OF SEDIMENT/BEACH SAND ANALYTICAL DATA (INORGANICS) 

SOURCE: Analytical Data provided by U.S. Navy 

NOTES 
c I 
8 

1) Some samples not analyzed for all SVOs, just phthalate esters. 
2) Discrete sample locations from beach area. 
3) ND indicates not detected; NA indicates not analyzed 



included. Tables are provided listing samples collected and analyses performed for all samples 
by site and media. 

1.3.2 Phvsical Characteristics of the Studv Area 

Section 3.0 describes the general physical features of the site and surrounding area. This 
section includes discussions of the regional and site specific bedrock and surficial geology, soils, 
ground and surface water hydrology, climatology and demography. Site specific geologic cross- 
sections and ground water contour maps are provided as applicable. 

1.3.3 Nature and Extent of Contamination 

Section 4.0 presents the radiation, geophysics, and soil gas survey results for applicable 
sites. Laboratory analytical data is also presented in tabular and graphical form for surface soils, 
subsurface soils, sediment, ground water, and surface water. Biota sampling results are 
presented and discussed in Section 6.0. Results are compared with site specific applicable or 
relevant and appropriate requirements (ARARs), and to be considered (TBC) values, which are 
also discussed in this section of the report. 

1.3.4 Contaminant Fate and Transnort 

Fate and transport data for the classes of chemicals identified are discussed in Section 
5.0. These include volatile organic compounds (VOCs), semi-volatile organics (SVOs), 
pesticides/PCBs, and inorganics. General potential routes of contaminant migration are 
discussed as well as an evaluation of site specific contaminant migration potential. 

1.3.5 Health and Ecolo&al Risk Assessment 

A health risk assessment for Step I and II sites is provided in Section 6.0. An ecological 
risk assessment for Step I and II sites is provided in Section 7.0 For Step I sites, these 
assessments are qualitative in nature and are used as part of the determination of whether to 
proceed to the Step II phase. The quantitative health and environmental risk assessments for 
Step II sites include contaminant identification, exposure assessment, toxicity assessment and risk 
characterization. 

1.3.6 Summary and Conclusions 

Section 8.0 discusses the summary and conclusions of the investigations and evaluations 
at each site. Included are overviews of site history, nature and extent of contamination, and 
health and environmental risk assessment. Based on this information, for Step I sites, a 
recommendation is provided for proceeding to Step II, or for no further action. A no further 
action recommendation is based on identification of no significant contamination and no health 
or environmental risk. Recommendations to proceed from Step I to Step II are based on 
identification of contaminants above applicable standards, and where health and/or environmental 
risk are of concern. Four Step II site recommendations are provided to proceed to the 
Feasibility Study phase, and to collect additional data as appropriate. 
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2.0 SITE INVESTIGATION 

This section provides details and procedures used to conduct the site investigation and 
laboratory analytical program. Procedures and sampling plan summaries are provided for the 
radiation, geophysical, and soil gas surveys, soils investigation, ground water investigation, 
surface water investigation, ecological investigation, and a summary of the quality 
assurance/quality control program. Tables are provided listing samples collected and analyses 
performed for all samples by media. Figures illustrating sample locations at each site are 
provided in Section 4.0 of this report. 

All field work was conducted in accordance with The Installation Restoration Study Final 
Plan of Action, prepared by Atlantic, dated April 1989, as modified by USEPA and CTDEP 
comments, and approved by the Navy. All survey and analytical results are provided in Section 
4.0. Hydrogeologic data results (e.g., conductivity, water table maps) are provided in Section 
3.0. 

2.1 General Discussion 

A sample designation format was developed for this project. Each sample was given a 
sample identification number in the field. An example of a soil sample number is the following: 
081590 - 2LMWl7 (4-8). Each sample identification number is comprised of the elements 
described below. Examples are provided in bold. 

l Date: The date the sample was collected is included in six digit form, 081590; 

l Site Number: The site at which a sample was collected is identified by the site 
numbers used in the IR Work Plan and as noted in Section 1.2.5. Exceptions include 
offsite sampling points which are designated OS and Area A samples which include 
an additional letter describing location (i.e., L for Landfill, W for Wetland and D for 
Downstream Watercourses; 2L = Site 2, Landfii); 

l SamDle DescriDtion: Denoted by the following abbreviations: 

SS - Surface Soil 
TB - Test Boring (no well installed) 
MW - Monitoring well (used for both soil and ground water samples) 
SD - Sediment 
SW - Surface Water 
W - Offsite Residential Well 
SG - Soil Gas 

l SamDle Number: Individual sample numbers start at 1 for each medium at each site 
and are numbered consecutively. Note that monitoring wells for all Area A and Over 
Bank Disposal Area sites are grouped together and numbered from 1 to 18; 
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l Sam& De@: Soil sampling interval is indicated parenthetically in feet below 
ground surface, (4-S); w 

l Other Abbreviations Used: 

S- for shallow surface soils - 0 to 0.5 feet, 14SSlS; 

S- for overburden monitoring wells, 6MW5S; 

D - for deep surface soils - 1 to 1.5 feet, 4SSlD; and 

D - for bedrock monitoring wells, 6MW5D. 

2.2 Laboratory Analysis Program 

The laboratory analysis program was conducted by NET Atlantic, Inc., Cambridge 
Division of Bedford, Massachusetts. The work was completed in accordance with the Quality 
Assurance Project Plan prepared by NET and dated January 27, 1989 as amended, which 
complied with the Navy’s NEESA document 20.2-047B, Sampling and Chemical Analysis 
Qwlity Assurance Requirements for the Navy Installation Restoration Program. 

All applicable organic analysis was performed in accordance with Organic Analysis for 
h4ulti-Media, Multi-Concentration, Statement of Work, Revision 2438, U.S. Contract Laboratory 
Program, USEPA, 1988. All applicable inorganic analysis was pe formed in accordance with 
the Contract Laboratory Program Inorganic Analysis for Multi-Media, Multi-Concentration, 
Statement of Work, Revision 2/88, U.S. Contract Laboratory Program, USEPA, 1988. TCLP 
extractions were performed on some soil and sediment samples in accordance with the 
procedures specified in the March 29, 1990 Federal Register. Metals analyzed in the extract by 
this procedure included arsenic, barium, cadmium, chromium, lead, mercury, selenium, and 
silver. Also, selected pesticide and PCB sample extracts were analyzed by TCLP. The TCLP 
extraction test, established by USEPA, was designed to simulate the leaching of chemicals from 
a material disposed in a waste disposal area. 

. 

4 

Tables 2-1, 2-2 and 2-3 summarize the target compound list (TCL) parameters and 
contract required qua&&ion limits (CRQLs) for volatile organic compounds (VOCs), semi- 
volatile organics (SVOs), PCBs/pesticides. Table 2-4 summarizes the target analyte list (TAL) 
parameters and contract required detection limits (CRDLs) for inorganics. Tentatively identified 
compounds (TIC) were identified on the laboratory analysis reports for VOC and SVO 
compounds. TICS are considered in the Health and Environmental Risk Assessment. 

Actual laboratory detection Emits are in some cases lower than the CRQLs listed in 
Table 2-l due to instrument capabilities. Values reported between this level and the CRQL 
are estimated by the laboratory. 
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TABLE 2-1 
TARGET COMPOUND LIST VOLATILE ORGANICS 

Statement of Work, Revision 2/88. US Contract Laboratory Program. EPAKLP, Washington, D.C. 
!. Medium Concentration Soil/Sediment CRQLs for Volatile Compounds are 125 times the individual Low 

Concentration Soil/Sediment CRQL. The CRQL is the CLP Contract Required Quantitation Limit. 
I. Specific detection limits are highly matrix dependent. The Quantitation Limits listed herein are provided for 

guidance and may not always be achievable. 
I. Quantitation Limits listed for soil/sediment are based on wet weight. The Quantitation Limits calculated by 

i. 
the laboratory for soil/sediment, calculated on a dry weight basis as required by the contract, will be higher. 
CAS number is chemical abstract service number. 
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TARGET COMPOUND LIST SEMI-VOLATILE ORGANICS 

Compound. ‘1 
CAS Contract Reqt$ed Quantitation Limits (CRQL) 

.: .’ Number Water (ppb) I Soil/Sediment (ppb) 

Phenol 108-95-2 10 330 

2,4-Dichlorophenol 

1,2,4-Trichlorobenzene 

Naphthalene 

4-Chloroaniline 

Hexachlorobutadiene 

4-Chloro-3-methylphenol 

2-Methylnaphthalene 

Hexachlorocyclopentadiene 

2,4,6-Trichlorophenol 

2,4,5Trichlorophenol 
I I 

95-95-4 1 50 I 
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TABLE 2-2 (continued) 
TARGET COMPOUND LIST S&I-VOLkILE ORGANICS 

Compound : 

2,4-Dinitrotoluene 

CAS Contract Required Quantitation Limits (CRQL) 
Number Water (ppb) Soil/Sediment (ppb) 

121-14-2 10 330 

Concentration. Statement of Work, Revision 2188. US Contract Laboratory Program. EPAKLP, 
Washington, D.C. 

2. Medium Concentration Soil/Sediment CRQLs for Semi-Volatile Organics are 60 times the 
individual Low Concentration Soil/Sediment CRQL. The CRQL is the CLP Contract Required 
Quantitation Limit. The CRQL is the CLP Contract Required Quantitation Limit. 

3. Specific detection limits are highly matrix dependent. The Quantitation Limits listed herein are 
provided for guidance and may not always be achievable. 

4. Quantitation Limits listed for soil/sediment are based on wet weight. The Quantitation Limits 
calculated by the laboratory for soil/sediment, calculated on a dry weight basis as required by the 
contract, will be higher. 

5. CAS number is chemical abstract service number. 
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TABLE 2-3 
TARGET COMPOUND LIST PESTICIWWPCBs 

1. Laboratory analysis procedures per USEPA, 1988. Organic Analvsis for Multi-Media. Multi- 
Concentration. Statement of Work, Revision 2/88. US Contract Laboratory Program. EPAKLP, 
Washington, D.C. 

2. Medium Concentration Soil/Sediment CRQLs for Pesticide/PCB TCL Compounds are 15 times the 
individual Low Concentration Soil/Sediment CRQL. The CRQL is the CLP Contract Required 
Quantitation Limit. The CRQL is the CLP Contract Required Quantitation Limit. 

3. Specific detection limits are highly matrix dependent. The Quantitation Limits listed herein are 
provided for guidance and may not always be achievable. 

4. Quantitation Limits listed for soil/sediment are based on wet weight. The Quantitation Limits 
calculated by the laboratory for soil/sediment, calculated on a dry weight basis as required by the 
contract, will be higher. 

5. CAS number is chemical abstract service number. 
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I TABLE 2-4 
TARGET ANALYTE LIST - INORGANICS 

Compound 
I 

Contract Required Detection Limit (CRDL) 
Water (ppb) 

Aluminum I 200 

1 Antimony 

Arsenic 10 

Barium 200 

1 Beryllium 5 

I Cadmium I 5 

I Calcium 

1 Ch romium I 10 

Copper 25 

Iron 100 

Lead 5 

1 Magnesium 

Manganese 

Mercury 

Nickel 

0.2 

40 

Potassium 

Selenium 

Silver 

5w3 

5 

10 

Sodium 5,00(-) 

Thallium 10 

Vanadium 50 

Zinc 

Boron 

20 

200 

1 Cyanide 

1. Laboratory analysis procedure per Contract Laboratory Program Inorganic Analysis for Multi- 
Media, Multi-Concentration, Statement of Work, Revision 2/88, U.S. Contract Laboratory 
Program, USEPA, 1988. 

2. Boron is not a TAL Compound under CLP and, therefore, value reported is not a CRDL. 

-\ / 
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2.3 Survevina and Maming 

Methodologies and references used for surveying and for mapping are described below. 

2.3.1 m 

Surveying for the project was provided by Associated Surveys of Branford, Connecticut. 

Elevations and coordinates were established for all monitoring wells and test borings, and 
the majority of surface soil and sediment samples. Fifty foot grid points were painted or staked 
in the field for the soil gas, geophysical and/or radiation surveys at Area A Landfill, DRMO, 
Goss Cove and the Former Gasoline Station sites. Some deviations in the grid spacing were 
required for the site specific conflicts. 

All elevations are based on differential leveling runs between known vertical control 
points and objects requiring elevations. All vertical control was double run to confii fmal 
elevations. Elevations are accurate to Class V-2. The datum used is as shown on a map 
entitled, Base Traverse and Monuments, NAVFAC Drawing No. 2,037,619; Code Ident. No. 
80091; Size: F; Contr. No. N62472-7%C-3422(ES) Sheet 1 of 2 prepared for the Department 
of the Navy by Kieltyka, Woodis & Pike Land Surveyors. The elevations are in the Subase 
datum, which is 1.41f feet below the USGS NGVD datum. 

All coordinates are based on field methods that conform to the standards of a Class A-2 
survey. The Connecticut State Plane Coordinate System was used based on the above mentioned 
map. 

2.3.2 MilDDing 

Map information (e.g., topography, buildings) was developed based on maps of NSB- 
NLON, prepared by Loureiro Engineering Associates, December 1980. These maps are 1 inch 
= 40 feet and have a two foot contour interval. 

Site plans and field sampling plans were developed from the above referenced maps using 
FreelanceTM, a graphics software package. The approximate scale of these figures is so noted. 

For Step II sites, AutoCADTM, a computer aided design software package, was used to 
develop site plans, sampling plans, ground water contour maps, and other data presentation 
plans. The maps were digitized from the Loureiro Engineering Associates maps. Scales are 
noted on the plans; contour intervals are two feet except as noted on the plans. 

2.4 Radiation Survey 

Radiation Safety Associates, Inc. (RSA) of Hebron, Connecticut performed a radiological 
survey of three areas at NSB-NLON. The three sites surveyed were the Area A Landfil, Goss 
Cove Landfill, and DBMO. The purpose of these surveys was to determine if any radioactive 
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4-4 material had been disposed of at the former landfills, or if any radioactive contamination now 
exists at any of these locations. Surveys were carried out on June 27, July 10, and August 8, 
9, and 17, 1990. The complete radiation survey report is provided as a separate bound report. 

2.4.1 Instrumentation 

The gamma radiation surveys were performed using a solid-state, one inch by one inch 
sodium iodide detector in a Model 19 Micro-R meter, manufactured by Ludlum Measurements 
of Sweetwater, Texas. This instrument is sensitive only to gamma radiation and reads in units 
of micro Roentgens per hour (@/hour) or millionths of a Roentgen per hour. This is a very 
sensitive detector in general use for environmental surveys. This was the primary instrument 
used for the radiological survey of the sites. 

Beta radiation surveys were performed using a two inch diameter (approximately 20 
square centimeters) Geiger-Mueller, thin entry window, pancake type, Ludlum Model 44-9 
detector. This was connected to a Ludlum Model 18 count rate meter. This detection system 
is sensitive to beta and gamma radiation, but will also detect alpha particles which have energies 
over 3 MeV. 

,- 

Alpha radiation surveys were performed using a four inch diameter (approximately 80 
square centimeters) Model 43-l detector with a Model 18 count rate meter, both manufactured 
by Ludlum Measurements. This detector is sensitive only to alpha radiation, and does not 
respond to beta or gamma radiation. During surveys, the detector was held within one 
centimeter of the surface being surveyed. This is necessary due to the very short range of alpha 
particles in air (approximately seven centimeters). 

Low energy gamma measurements were taken using a one inch diameter Model 44-3 
detector with a Model 18 count rate meter, both manufactured by Ludlum Measurements. This 
detector is sensitive to low-energy gamma radiation, which may not be detected with the Micro- 
R meter. It does not respond to the higher energy gamma rays which the Micro-R meter 
detects. 

2.4.2 MB 

r-. 

Surveyed grids (50 feet on center) were established at the sites where radiation surveys 
were conducted. The gamma radiation survey consisted of walking along each grid line and also 
halfway between each grid line, recording gamma levels at each grid point, and at the 
approximate midpoint. Measurements at each survey point consisted of one gamma reading at 
waist level and another in contact with the ground. Additionally, a continuous survey was 
performed while walking between each survey point. Background gamma radiation levels were 
taken outside the perimeters of each area surveyed and at other randomly selected locations 
around NSB-NLON. Any gamma measurement in the survey areas found to be significantly in 
excess of background gamma levels was investigated further by attempting to determine the 
specific origin of that radiation, and by performing alpha and beta radiation surveys in those 
2U-f3lS. 
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Survey results are discussed in Section 4.0. 

2.5 Gemhvsical Investbation v 

Weston Geophysical of Westboro, Massachusetts performed the geophysical investigations 
for the project. Geophysical investigations were conducted at five sites (Spent Acid Storage and 
Disposal Area, Former Gasoline Station, Area A Landfti, DRMO, and Goss Cove Landfill) to 
assist in characterization of subsurface conditions at those areas. Ground penetrating radar 
(GPR), magnetometry, and electromagnetic (EM) termin conductivity methods were employed 
during these surveys. 

The objectives of the geophysical surveys were identification of buried, man-made 
features such as storage tanks or possibly drums, and delineation of contaminant plumes. The 
former landfiis (Goss Cove, Area A, and DRMO) were surveyed due to the potential for past 
disposal of metal objects in those areas. Potentially identified buried objects were then avoided 
in subsequent drilling activities. The Former Gasoline Station site was surveyed to assess the 
potential of remaining underground storage tanks. The survey at the Spent Acid Storage and 
Disposal Area was conducted in an attempt to locate the battery acid storage tank. Field work 
was accomplished between June 13-15 and 25-27, 1990. The complete geophysical report is 
provided as a separate bound report. 

The following geophysical survey techniques were used at the investigated sites. 

MaPnetometry - Magnetometry surveying was performed at the Area A Landfii, 
DRMO, and Goss Cove Landfill to identify buried ferrous metal objects. Data were acquired 
using a Geometries model G-856 digital proton precession magnetometer at intervals of ten feet 
along each grid line. Upon completion of surveying at each area, data were downloaded to a 
portable computer to facilitate processing and preparation of magnetic contour maps. 

I- Conductivity profiling was accomplished at the 
Area A Landffl, DRMO Area, and Goss Cove Landfill to screen for electrically conductive 
subsurface contamination and to confii results of the magnetometry surveys. Electromagnetic 
(EM) conductivity data were obtained using a Geonics Model EM-31 equipped with a digital 
datalogger. The datalogger enabled transferring EM data to a portable computer for contouring. 

Ground Penetratiw Radar - Ground penetrating radar (GPR) data were obtained at sites 
specified for geophysical investigation to identify stratigraphy or subsurface objects such as 
storage tanks. GPR data were acquired using GSSI model SIR-8 instrumentation coupled with 
a 500 megahertz antenna and a graphic recorder. Hardcopy prints produced by the graphic 
recorder were evaluated for stratigraphic information as well as evidence of trenches, backfii 
material, or buried objects. 

Survey results are discussed in Section 4.0. 
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2.6 Soil Gas Survev 

Soil gas surveys were conducted at Torpedo Shops, Goss Cove Landfill, Former Gasoline 
Station, Area A Landfill, DRMO, and Lower Subase. The purpose of the soil gas survey is to 
detect and estimate the lateral extent and relative concentration of subsurface VOCs. This is 
accomplished by collecting and analyzing soil vapors for selected constituents that result from 
volatilization of subsurface VOCs. Atlantic Technical Procedure 1052, as described herein, was 
followed in performing the soil gas surveys. 

2.6.1 SamDIe Collection and Analysis 

The soil gas survey was conducted using a Photovac Model lOS50 portable gas 
chromatograph (GC) with a capillary column and a photoionization detector. The daily GC 
conditions were as follows: oven temperature 40°C; column flow of 10 mls/minute-ultra zero 
air; gain of 50; and analysis time of 1500 seconds maximum. 

The sample chromatogtams were compared to the following standards, as appropriate: 

l benzene in air standard, 1 ppm; and 

l headspace standard of the following volatile organics mixed in water: benzene 
at 17 ppb; toluene at 17 ppb; ethyl benzene at 72 ppb; xylenes (0, m, and p) 
at 34 ppb each; 1,2,4-trimethyl benzene at 400 ppb; and 1,l dichloroethene, 
trichloroethene, and tetrachloroethene at 30 ppb each. 

A plunger bar was used to drive a one-half inch diameter hole approximately four feet 
into the ground. A properly decontaminated five foot long one-quarter inch O.D. stainless steel 
tube was used to collect the sample. To prevent soil from entering the tube, a length of 
polycarbonate line was inserted into the stainless steel tube and held in place. After the stainless 
steel tube was in place in the ground, the polycarbonate line was removed, allowing vapors to 
be drawn into the stainless steel tube. Clay was placed around the tube at the soil surface 
creating a seal that prevented surface air from mixing with soil vapors. A three-way Swagelok 
fitting was placed on the open end of the steel tube at the ground surface. One end of the fitting 
was connected to a teflon tube leading to a small personal sampler air pump. A teflon coated 
septum was secured over the remaining opening of the fitting. The sampler pump was turned 
on for three to five minutes at a flow rate of approximately 180 ml/minute. The soil gas sample 
was collected by inserting a properly decontaminated syringe through the septum and 
withdrawing 300 microliters of air. The sampling apparatus was removed and flushed with 
ambient air to remove any contamination. The sample was then directly injected into the 
portable field GC. 

The peaks in the soil gas samples were identified by retention time comparisons to the 
known standard previously mentioned. Standards were run at the beginning, middle, and end 
of each day, and whenever a question of shifting retention times occurred. The following 
quality control samples were run at the frequencies listed: 
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l Duplicates - one per day minimum; 

l Background Samples - system blanks which were run at the beginning and end 
of each day; 

l Calibration Standards - beginning and end of each day, and whenever a 
question of shifting retention times arose; and 

* Calibration Blanks - one in ten samples and whenever a question of possible 
cross-contamination arose. 

Background and calibration blank samples were considered acceptable if no peaks 
were generated. Duplicate samples were evaluated qualitatively. Results were considered 
acceptable if, in comparison of duplicate analyses, there was a general match of identified 
compounds (presence of or absence of the same compound), and if there was no significant 
difference in concentration, generally around an order of magnitude. 

2.6.2 Data Utilization 

Each chromatogram produced during the soil gas survey was interpreted with respect to 
peak identification and relative quantitation. The peaks generated by each sample were identified 
by retention time comparison to the known standards. 

The relative quantitation of the soil gas data took all soil gas peaks into account. The 
Photovac GC measures peak areas in units of volt-seconds. The higher VOC concentration, the 
higher number of volt-seconds it will produce. The following guidelines were established in 
order to classify ranges of concentration at the sites. 

I QUANTITATION OF SOIL GAS DATA 

None Detected < 0.3 
Trace 0.3 - 2.0 
Low 2.1 - 50 

Moderate 51-300 
High < 300 

The soil gas data tables for each site investigated are included in Appendix A. The tables 
list the retention times, peak areas (volt-seconds), and assigned sample concentration 
classifications (e.g., moderate) for each soil gas component detected at the various sites. The 
sample concentration classification assigned for each sample are based upon the dominant peak 
from each sample, denoted as the indicator peak. Based on previous experience with soil gas 
surveys, moderate to high detections are most likely to be indicative of contamination. 
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=e- 2.7 Soils InvestiPation 

This section describes the objectives, methodologies, and scope of work for sampling and 
analysis of test borings, surface soils and sediments. 

2.7.1 Test Borings 

The objectives of the test boring program were to characterize physical properties and 
classifications of subsurface soils, to identify areas of soil contamination, to estimate the lateral 
and vertical extent of soil contamination (Step II sites), and to identify soil contaminants present. 

A total of 108 test borings/monitoring wells were drilled at seven of the Step I and Step 
II sites at NSB-NLON. The drilling was performed from August to November of 1990 by 
Empire Soils Investigations, Inc. (Empire) of Edison, New Jersey. Atlantic personnel inspected 
the drilling, logged and screened soil samples, and collected samples for analysis. 

At most sites, soil borings were extended to auger refusal or a maximum depth of twenty 
feet. Exceptions to this procedure included locations in Area A and the DRMO where nested 
monitoring wells (overburden/bedrock) were to be installed and borings were extended to 
bedrock at the nested well locations; the Area A Wetland and Goss Cove Landfill where borings 
extended to the underlying native material; and the Lower Subase where borings were extended 
approximately ten feet below the ground water table. Auger refusal does not necessarily 

- confirm the top of bedrock elevation for the shallow monitoring wells or borings. 

The borings were advanced with 4 %-inch inside diameter hollow stem augers. Samples 
were collected continuously with a two inch diameter,. two foot long split-spoon sampler. 
Atlantic personnel logged physical characteristics such as color, density, lithology, and moisture 
as well as any visual evidence of contamination (i.e., staining or sheen) according to Atlantic 
Procedure 1030. Each sample was screened with an HNu PI 101 Organic Vapor Analyzer, a 
Ludlum Model 3 Radiation Meter, and a Neotronics Trigas explosive gas meter. Select samples 
were also screened for pH in the field. 

Atlantic personnel selected a total of 118 subsurface soil samples from 78 of the 
borings/monitoring wells for laboratory analysis. Other samples were collected and evaluated 
for the visual presence of contamination (Lower Base) and for pH screening (Area A Landfill). 

Selection criteria, as specified in the Plan of Action, included the results of field 
screening, visual indication of contamination, proximity to the water table, or within known 
disposal areas (landfill materials, leaching field areas). Some or all of the following parameters 
were analyzed for: VOCs, SVOs, inorganics, pesticides, PCBs, total petroleum hydrocarbons 
(TPH), and fluorescence oil identification. Selected soil samples were also analyzed for metals, 
pesticides, or PCBs by Toxicity Characteristic Leachate Procedure (TCLP). Specific analyses 
performed and soil sampling intervals are provided for each site on Tables 2-5 (Step I sites), 2-6 
(Area A), 2-7 (DRMO), and 2-8 (Lower Subase). 
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TABLE 2-5 (continued) 
STEP I SITES 

SUMMARY OF SOIL SAMPLING PROGRAM 

COMMENTS 1 VGC 1 SVO t GANICS 1 CIOES 1 PC& ~P.UXAIS IPI?STI( 
m-e- _--- --- . -- .-I ------. - -- 

Y NOTES 

cl 1) VDC - Volatile Organic Compounds PCBs - Polychlorinated Biphenyls 
SVO - Semi-Volatile Organic Compounds 

TPH - Total Petroleum Hydrocarbons 
TCLP - Toxicity Characteristic Leachate Procedure 

Inorganics - Metals and Cyanide 
pH - field pH measurement to assess potential battery 

acid residuals 

2) SS - Surface Soil, TB - Test Boring, MW - Monitoring Well 
3) Laboratory Sample Identification Numbers also included sample depth in parentheses following the Sample ID listed above (e.g. 0816!20-2LD32 (2-g)). 
4) Original sample data rejected during validation; location was resampled at a later date for parameters indicated. 
5) Location changed from that shown in Plan of Action (April 1989). Actual location shown on Fiure in Section 4.0. 
6) Sample submitted for VOC analysis was not composited. 



TABLE 2-6 
AREA A 

SUMMARY OF SOIL SAMPLING PROGRAM 



TABLE 2-6 (continued) 
AREA A 

SUMMARY OF SOIL SAMPLING PROGRAM 

SAMPIEID- 
092090-2LTB4 
mo-2LTl34 
mo-2LTB4 

Ir-KA 1°K I AnAL, 13cJ- 

INOR- PEsrI- TUP TCLP TaP ElAJCXtE- pH7 
DEPrH fftl c0MhsENI-s VOC SVO GANICS ClDIiS PC& MErAts PE!sr1c1oFB PcB3 TPH SCBNCE pH 

6-8 Screen for A&l 10.19 
8 - 10 Screen for Acid 11.0 

E E 
11.0 
8.97 
8.1 

7.31 
NA 
9.31 
8.93 
a.99 

1 asosgo-2LTF36 

080890-2LTB6 
080890-2LTB6 
m90-2Lm 

1 9-11 IScreenforAcid 

Screen for Acid 
Screen for Acid 
No Reccuq , Screen for Acid 

2-4 
5-7 
7-9 

7.4 
8.0 

8.08 
NA 

080890-2LTB6 
080890-2L-m 
cEa3 
CBO890-2LTB6 
080890-2Ln36 
080790-2LTB7 

I I I I 7.60 
/ 11-13 I Screen for Acid 1 702 

6 / 13 - 15 j Screen for Acid I I 
I 15 - 17 j 

I I I I I I 7.67 1 
go-2LTE36 Screen for Acid 7.01 

17 - 19 Screen for Acid 7.17 
19 - 21 Screen for Acid 7.29 
o-2 Screen for Acid 7.5 

IO80790-2LTI37 2 - 4 I Screen for Acid I 

1 om90-zLMw8 / 6 - 10 I Oily Appearance 0 a 0 

I 2 - 8 I At Water Table I l I . 
3 I 

I l I l 
3-A 1 I . I . 

I l I 0 
I . I 1 I . I . I 1 I I I I I 



TABLE 2-6 (continued) 
AREA A 

SUMMARY OF SOIL SAMPLING PROGRAM 

I LABORATORY ANALYSES’ 
INOR- PFsrI- TUP TUP TUP FLUORE- 

-ID23 DEPFH fftl CoMMFINrs VOC SVO GANICS CIOES PCBs METALS PEsrICIDES PCBS TPH SCENCJZ PH7 
” -Awn” ” x.-a--.- 

Om590-2wml .8-101 Within Dredge Spoil l a a a 1 a 1 a a 
090590-2WTBl 10 - 12 1 Within Dredge Spoil I l I l I a 1 . a 1 a a 
llMCOfL7WTRl 

I 
15 - 17 1 HNu Reading - 12 ppm I l I l I l I l I l I l I . _^ -- --- - . .- I 1_-1_- -,. _-* 

L 

09Ct590-2WTBl 1 L4.I - ‘2r.z 1 t-mu Keactmg - 17 ppm I ’ I l I l I ’ I ’ I l I a I I I I I 
L 

I 

09m90-2WTB2 I 0 - 2 1 Within Dredge Spoil I l I l I l I . . a a 
09m90-2wn32 4 - 6 I Within Dredge Spoil a . I l I l a a a 

I a a . a 
.090690-2wm2 
csi 

[ 
mo-2WTB2 I 10-12 Within Dredge Spoil a a a 

15 - 17 H&I Reading - 3 ppm . a a a 1 a a . 
x90-2WTB2 1 m-22 HNu Reading - 19 ppm a a a . a . a i I 

I Within Dredge Spoil I l I l I l I ’ I l I l I a _-- - . . I 

] Within Dredge Spoil I l I l I l I l I a I 

n Dredge Spoil I l I l I ’ I l I l I a - 
090590-2WTB7 4 - 6 1 At Water Table I l I l I l I l I l I l I a I 

TB7 I 10 - 12 1 Within Dredge Spoil a . a . . a j a 
-l-WI I l-3 I I L I m I L I 1 I 1 I 1 I 1 I I I 1 I 

090590-2W 
083090-2w I- , 10 I / - , - I - I - , - , v - 
083@30-2WTB8 1 6-8 I Within Dredge Spoil I a a a 1 a . / a a 
083090-2w Em j WithinDredge Spoil / 10 - ,‘2 . a I ’ I l r a a / . 1 
082390-2Wh1w~ , U-L I 

I I 

082190-2WMW3 I / At Water Table 
I l I ’ I l I l I l I l I a 

10 - 12 I a a j a 1 a a . . 
2190-2WMW3 I 16 - 18 I Within Dredge Spoil . a . . a a a 

I n-9 I I 1 I I - I - I / / I 
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TABLE 2-6 (continued) 
AREA A 

SUMMARY OF SOIL SAMPLING PROGRAM 

LABORATORY ANALYSES 
MOR- PESTI- TCLP TUP TCLP PLUORE- 

-ID23 InwrTH fftl COMMENTS VOC SVO GAUICS CIDES PCBs MFzrALs PEsrICIDES PCBS TPH ScEua C.H7 
DOWNS- 

OZK’O-ZDMWlCS 3-5 . . . . . . 
0%?890-2DMWllS 2-4 a l l l 0 0 

091990-2DMW15 2-4 0 b 0 l l a 

091890-2DMW16 2-4 . 0 0 

NOTES 

1) VOC - Volatile Organic Compounds 
SVO - Semi-Volatile Organic Compounds 
Inorganics - Metals and Cyanide 

2) SS - Surface Soil, TB - Test Boring, MW - Monitoring Well 

PCBs - Polychlorinated Biphenyls 
TCLP - Toxicity Characteristic Leachate Procedure 

TPH - Total Petroleum Hydrocarbons 
pH - Field pH measurement to assess 

potential battery acid residuals 

3) Laboratory Sample Identification Numbers also included sample depth in parentheses following the Sample ID listed above (e.g. 081690-2LTB2 (2-8)). 
4) Original sample data rejected during validation; location was resampled at a later date for parameters indicated. 
5) Location changed from that shown in Plan of Action (April 1989). Actual location shown on Figure in Section 4.0. 
6) NA - Nat Analyzed 
‘7) pH analysis to screen for presence of battery acid. 



TABLE 2-7 
DRMO 

SUMMARY OF SOIL SAMPLING PROGRAM 

NOTES 
1) VOC - Volatile Organic Compounds 

SVO - Semi-Volatile Organic Compounds 
Inorganics - Metals and Cyanide 
PCBs - Polychlorinated Biphenyls 

TCLP - Toxicity Charaderistic Leachate Procedure 
TPH - Total Petroleum Hydrocarbons 

2) SS - Surface Soil, TB - Test Boring, MW - Monitoriqg Well 
3) Laboratory Sample Identification Numbers also included sample depth in parentheses following the Sample ID listed above (e.g. 0816X1-2LT62 (2-8)). 
4) Sample submitted for VOC analysis was not composited. 
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TABLE 2-8 
LOWER SUBASE 

SUMMARY OF SOIL SAMPLING PROGRAM 

a3 
13TE53 
13TB3 
13TB3 
1m3 

4-6 Discolorat~, HNu Reading - 9.4 ppm 
6-8 Discolorat~ HNu Reading - 8.5 ppm 

8 - 10 No Recovery 
10 - 12 No Recovery 
12 - 14 Discoloration: HNu - 4.0 ppm 

8 - 10 1 HNu Reading - 1.2 ppm I I I I I I 
_^ .- j I 



TABLE 2-8 (continued) 
LOWER SUBASE 

SUMMARY OF SOIL SAMPLING PROGRAM 

NOTES 
1) VOC - Volatile Organic Compounds 

SVO - Semi-Volatile Organic Compounds 
2) SS - Surface Soil, TB - Test Boring, MW - Monitor& Well 

Inorganics - Metals and Cyanide TCLP - Toxicity Characteristic Leachate Procedure 
PCBs - Polychlorinated Biphenyls TPH - Total Petroleum Hydrocarbons 

3) Laboratory Sample Identification Numbers also included sample depth in parentheses following the Sample ID listed above (e.g. 081690-2LTB2 (2-8)). 
4) Test boring installed, organic vapor measurements andvisual contamination documented, not sampled for laboratory analysis. 
5) Twelve test borings were proposed in the Work Plan, however, only five borings were installed due to proximity of proposed locations to underground utilities. Soil samples from these borings were 

evaluated for visual contamination and screened for organicvapors to assist in delineation of extent of contamination. 



Test boring logs are provided in Appendix B. The test boring logs provide the physical 
characteristics and soil classification, density information, observations of visual contamination, 
and radiation/organic vapor screening results. 

2.7.2 Surface Soils 

The surface soil sampling program was designed to screen for contamination within the 
upper 18 inches of soil. Surface soils represent one of the principal sources of human health 
risk due to the possibility of direct contact, ingestion and/or inhalation of soils by onsite 
workers, maintenance or construction crews, and site visitors. Surface soil sampling locations 
were selected on the basis of proximity to known fill areas and visual evidence of contamination 
such as staining. 

A total of 24 surface soil samples were collected from four Step I sites and two Step II 
sites. Protocols for sampling surface soils were followed as specified in Atlantic Procedure 
1020. Both discrete and composite samples were collected. Composite samples were not 
analyzed for VOCs per comments received from the USEPA; discrete samples were selected for 
VOC analysis based on organic vapor screening results. Atlantic personnel collected the samples 
with a four inch, stainless steel hand-auger and stainless steel spoons. Composite samples were 
mixed in a stainless steel bowl. Each sample was logged by Atlantic personnel and screened 
with an HNu PI 101 Organic Vapor Analyzer, a Ludlum Model 3 Radiation Meter, and a 
Neotronics Trigas explosive gas meter. 

Tables 2-5 through 2-8 include a site by site listing of surface soil samples and laboratory 
analytical parameters. 

2.7.3 Sediments 

The objective of sediment sampling was to determine if measurable quantities of 
contaminants from the site are present in sediments on and near the site. Downstream sediment 
sampling from Area A to the Thames River was also conducted to evaluate the potential 
transport of contaminants. 

Atlantic personnel collected 35 sediment samples from streams and standing water in the 
Area A Wetland, the Area A Downstream and an offsite stream (northern limits of base near 
perimeter security road). Specific sediment sample information is summarized in Table 2-9. 
The samples were collected in, adjacent to, or downstream of, one or more of the following: 

l Area A Landfill 
l Area A Wetland 
l Over Bank Disposal Area 
l Weapons Storage Area 
l Torpedo Shops 
l Offsite stream - Perimeter Security Road 

,- 
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TABLE 2-9 
AREA A 

SUMMARY OF SEDIMENT SAMPLING PROGRAM 

COMMENTS 

LABORATORY ANALYSES’ 
INOR- PESPI- TCLP TUP TUP PLUOREt- 

voc svo GANICS ClDEiS PCBZ METAts WsrICIDRS PCBJ TPH XZNCE PH _ 

-~ -LANL3n&L 
None Sampled 1 

mTLAND 
112690-2WSD13 1 0 - 0.5 1 Composite Sample . 1 . . . . . . 

112690-2wsw I o-o.5 
1x2690-2WI 
11X90-2WSDV 0 - 0.5 1 Composite Sample . . . . 
112690-2wsD9 / 0 - 0.5 1 Discrete Sample . ( . 1 

IxnwNb 

. 1 . 1 . 1 . 

E&390-2DSDl 0 - 0.5 1 Oily Appearance 
120390-2DSD2 0 - - 0.5 1 Oily Appearance 
120390-2DSD3 

__ 
0 - 0.5 ( Petroleum odor 

120390-2DS 
iI34 1 0 - 0.5 1 Sheen on Water ~120390-2DL, , v u.., , In< I n-n< I 

120390-2DSD7 ( 0 - 0.5 1 Sheen on Sample 

. 1 . 1 . . 1 . . 1 . 

I l I l I l I l I l I l I 

I I 
0 

I l I l I l I l I l I l I 
1 I 

0 I I I I I 

1 . 1 . 1 0 1 . 0 1 . . 1 I . I 1 a I - I - I - I - I a - , 1 - ( 1 - I I I I I I I 
I I 

/ . ( 0 . . 0 0 0 I 
1 I o-o.5 1 1 1 120390-2DSD8 HNu Reading - 2.5; Sheen on Sample . 

iD9 1 o-o.5 
. 1 . 

1 lXI390-2DS 1 Petroleum Odor 1 . . 0 
:nin I I I 1 I . I . 

0 - 0.5 1 HNuReading- 7ppm 1 . 1 . 1 .’ 1 . . I I 
II 1 1 - 1.5 ) HNuRcadinp. - 5 ppm . ) . . ) d I 04 ) . 1 0 I .112990-3Sc 

112990-3SD2 0 - 0.5 HNu Reading - 50 ppm . 0 . .a a’ 0 . 
112990-3SD2 1 - 1.5 . 0 . 0’ 0’ . 0 
112990-3SD3 0 - 0.5 Sheen on Sample 0 . . .I .a 0 . 

13 1 - 1.5 Sheen on Sample . 0 . d a’ . a 
34 n - n.5 .4 . . 94 .I . . 

112990-w 1 
112990-3SL. 

; - i:; 
I J 

112990-3SD4 1 ) HNu Reading - 2.2 Pam 1 04 [ 0 1 . 1 2 d . . 
112990-3sc - b5 I 0 - 0.5 1 Petroleum Odor; Sheen on Sample I 

I :r I . I 
I l I l I 

. I :I I 04 I . I 

1 .* [ . 1 0 I I I I 
I 1 - 1 F . I 

. 

. 6 
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TABLE 2-9 (continued) 
AREA A 

SUMMARY OF SEDIMENT SAMPLING PROGRAM 

1: 
LABORATORY ANALYSES’ 

Y 

INOR- PESTI- TUP TUP TUP PLIJORE- 

!4AMPLE Id oEPrH fftl COMMENTS VOC SVO GANICS CIDES PCB# hErAIs PEsrICIDES PCBS TPH SCENCE DH 

3 ~-’ 
020791~OSsD1 

‘~oFmimsTR&AM 
0 - 0.5 . 0 0 0 . 

u20791-ossD2 

8 ’ 

0 - 0.5 a l l l 0 

CC0791 -0SSD3 0 - 0.5 Sheen an Water 0 0 0 . . [ 1 

NOTES 

1) VOC - Volatile Organic Compounds Inorganics - Metals and Cyanide TCLP - Toxicity Characteristic Leachate Procedure 
SVO - Semi-Volatile Organic Compounds PCBs - Polychlorinated Biphenyls TPH - Total Petroleum Hydrocarbons 

2) SD - Sediment Sample 
3) Composte sample for all parameters excep VOCs. 
4) Original sample data rejected during validation; location resampled at a later date for parameters indicated. 



Atlantic personnel collected the onsite sediment samples in November and December of 
1990 and the offsite samples in January of 1991. Atlantic Procedure 1022 was followed for the 
collection of sediment samples. The samples were screened in the field, logged and then sent 
to the laboratory to be analyzed for VOCs, SVOs, pesticides, PCBs, inorganics, and selected 
samples for metals and pesticides by TCLP extraction procedures. 

=v 

A total of eight composite sediment samples were collected in the Area A Wetland. The 
wetland was divided into eight subareas based on physical characteristics noted during the 
Atlantic site inspection and from the aerial photographs. Each sampling subarea was divided 
into 12 sampling grids. Each composite sample was collected from four of the 12 grids, which 
was selected for actual sampling by a random number generator. Furthermore, each selected 
sampling grid was subdivided into four quadrants and equal amounts of sediment were collected 
from each quadrant. Each component of the composite sample was screened in the field with 
an HNu. Composite samples were analyzed for SVOs, pesticides, PCBs, and inorganics. At 
each of the eight subareas, a discrete sample for VOC analysis was collected at one of the 16 
sampling locations which was selected, based on field measured organic vapor readings. 

2.8 Ground Water Investigation 

The goals of the ground water investigation were to characterize the ground water quality 
beneath, upgradient and downgradient of selected sites investigated, and to assess hydrogeologic 
characteristics of the aquifer. Ground water was investigated at all Step II sites and at two Step 
I sites (Torpedo Shop and Goss Cove Landffl). Fifty-nine ground water monitoring wells were 
installed onsite. These 59 wells, plus seven existing monitoring wells onsite (Lower Subase), 
and 22 offsite residential wells were sampled and analyzed for some or all of the following: 
VOCs, SVOs, pesticides, PCBs, inorganics, TPH, fluorescence, gross alpha and gross beta 
radiation. In addition, hydraulic conductivity tests were performed on over half of the onsite 
wells. 

2.8.1 Monitoriw Well Installation 

A total of 59 ground water monitoring wells were installed at NSB-NLON. Table 2-10 
includes well construction information by site. The tables provide elevation of top and bottom 
of well, screened interval elevation, water table, depth elevation, bedrock elevation if 
encountered, screen length and well type. 

Empire installed the monitoring wells from August through November of 1990. Atlantic 
personnel inspected the installation of the wells, and logged soils and bedrock information and 
well construction details. 

Overburden monitoring wells were installed by the hollow stem auger method using 4% 
inch I.D. augers. During installation of the shallow wells, soil samples were collected 
continuously with a split spoon as described in Section 2.7.1. The wells were installed using 
two inch, Schedule 40 PVC riser and two inch PVC screen with 0.01~inch slots. Screen length 
is ten feet except where noted. The placement of the screen was designed to intersect the top 
of the ground water table. The annular space surrounding the screened interval was filled with 
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TABLE 2- 10 
SUMMARY OF MONITORING WELL INFORMATION 

None 1 
CBU DRUM STORAGE 

RUBBLE FlLL BUNKER A-86 
None 1 I I I I I I I 

‘. TORPEDO SHOPS 
7MWlD Bectock 11’ 54.67 29.41 54.08 001 ,.I., AAlCl T-.1_ 7041 -*..a 1 , MA7 ..,. ., 

7MW2 Overburden 7 48.6 37.6 50.41 5.43 44.98 1 37.6 1 44.6 
7MW3 Overburden 10 45.98 29.06 45.71 6.2 39.51 1 29.09 1 39.09 

GOSS COVE LANDFILL 
8MWl Overburden 10 10.48 -6.25 10.15 8.68 1.47 -5.92 4.08 
8MW2 Overburden 10 9.91 -6.02 9.43 6.98 2.45 -6.02 3.98 
8MW3 Overburden 10 9.25 -6.54 8.96 6.23 2.73 -6.54 3.46 
8MW4 Overburden 10 9.62 -5.76 9.34 6.29 3.05 -5.76 4.24 

OVER BANK DISPOSAL AREA, NORTHEAST I 
None 1 

None 1 

FORMER ACID STORAGE AND DISPOSAL AREA 

1. 
FORMER GASQLIflj? STATION 

AREA A LANDFILL 
2LMW7S 1 Overburden 1 10 82.8 1 52.6 1 61.15 1 84.37 1 9.9 74.47 1 61.15 1 71.15 

I 11.44 12.91 I 



TABLE 2-10 (continued) TABLE 2-10 (continued) 
SUMMARY OF MONITORING WELL INFORMATION SUMMARY OF MONITORING WELL INFORMATION 

WELL SCREEN GROUND BEDROCK ELEV. OF TOP OF WELL 
WELLID TYPE 

DEPTH/ELBV. ELEV. 
LENGTH 

OF 
SURFACE ELEV. 

SCREENED INTERVAL 
ELEV. WELL BOlTOM 

2LMW18D 
CASING ELEV 

Bedrock 8.03l 
OF WATER’ BOTTOM TOP 

77.61 41.67 28.64 77.34 8.55 68.79 28.64 1 36.61 
7.514 67.83 



TABLE 2- 10 (continued) 
SUMMARY OF MONITORING WELL INFORMATION 

WELL SCREEN GROUND BEDROCK ELEV. OF TOP OF WELL DEPTH/ELEV. ELEV. OF SCREENED INTERVAL 
WELL ID TYPE LENGTH SURFACE ELEV. ELEV. WELL BO’I-I’OM CASING ELEV OF WATER’ BOTTOM TOP 

LOWER BASE 
13MWl Overburden 10 13.73 -3.76 13.36 9.78 3.58 -3.76 6.24 
13MW2 Overburden 10 13.23 -4.44 12.8 9.21 3.59 -4.44 5.56 
13MW3 Overburden 10 13.15 -4.21 12.89 9.33 3.56 -4.21 5.79 
13MW4 Overburden 10 10.29 -4.66 10.14 6.52 3.62 -4.66 5.34 
13MW.5 Overburden 10 11.72 -6.2 11.13 13.3 3.34 -6.2 3.8 
13MW6 Overburden 10 21.84 -5.98 21.47 18.61 2.86 -5.98 4.02 
13MW7 Overburden 10 8.19 -6.15 7.85 5.63 2.22 -6.15 3.85 
13MW8 Overburden 10 7.8 -15.91 7.34 6.35 0.99 -5.91 4.09 
13MW9 Overburden 10 7.57 - 12.21 6.91 6.15 0.76 -7.21 2.79 

13MWlO Overburden 10 8.73 -6.31 8.44 6.27 2.17 -6.31 3.69 
13MWll Overburden 10 8.23 -5.82 7.83 5.7 2.13 -5.82 4.18 
13MW12 Overburden 10 9.55 -5.79 9.21 6.29 2.92 -5.79 4.21 
13MW13 Overburden 10 8.94 -5.65 8.5 5.47 3.03 -5.65 4.35 
13MW14 Overburden 10 8.48 -6.32 7.98 7.53 0.45 -6.32 3.68 
13MwlS Overburden 10 7.7 -9.9 7.25 6.95 0.3 -4.9 5.1 
13MW16 Overburden 10 7.64 -11.9 7.3 6.97 0.33 -5.9 4.1 
13MW17 Overburden 10 7.71 -25.83 7.47 6.67 0.8 -5.83 4.17 
N-ES04 Overburden 5 8.51 0.62 8.22 6.85 1.37 0.62 5.62 
NESO6 Overburden 5 8.89 2.47 8.67 6.44 2.23 2.47 7.47 

NE30 10 Overburden 5 8.42 -0.9 8.1 6.42 1.68 -0.9 4.1 
NE30 11 Ovaburden 5 8.89 0.28 8.78 5.43 3.35 0.28 5.28 

WE1 Overburden 10 9.62 -5.68 9.42 -- --I -5.68 4.32 
WE4 Ovaburden 10 8.71 -4.69 8.61 -- --7 -4.69 5.31 

1) Length of open hole below casing. 
2) Proposed wells not installed due to lack of encountered water. 
3) Water levels taken on March 21,199l. 
4) Water levels taken on June 7,199l. 
5) Value represents top of floating product in well. 
6) Artesian well, water freely flowing out of well standpipe. 
7) Well not accessible. 



outwashed Ottawa sand up to two feet above the top of the screen. A two-foot bentonite seal 
was placed above the sand. The remainder of the annular space was tremie backfilled with 
cement-bentonite grout. 

Nineteen bedrock monitoring wells were drilled. The wells were cased through the 
overburden and sealed at the bedrock interface to avoid possible contamination of the bedrock 
aquifer by the material above. The depth to bedrock was determined during the installation of 
the shallow monitoring well or boring. Using either air rotary or mud rotary methods, an eight 
or ten inch bit was used to drill through the overburden and the first five feet of bedrock. The 
mud rotary technique was used to maintain the opening in the overburden to allow the 
placement of the bedrock casing. The mud did not come in contact with the open hole 
within the bedrock and will not have any impact on the water quality. The shallow wells 
were not installed directly adjacent to the bedrock wells and, therefore, the mud should not 
affect the water quality. Six inch diameter casing was installed five feet into the bedrock. The 
casing was grouted in place with a bentonite-cement slurry and allowed to set for 24 hours. A 
six inch roller bit or air hammer bit was used to drill through the casing to the bedrock aquifer. 
Bedrock drilling continued until a sufficient water bearing fracture was encountered. A 
flow rate of approximately one-gallon per minute or greater was considered adequate flow. 
The bedrock was cored in selected wells as specified in Atlantic Procedure 1030. 

Construction details for each well are included in Appendix B. 

2.8.2 Monitoring Web Develoument 

The purpose of well development is to restore the natural hydraulic conductivity of the 
subsurface materials surrounding a monitoring well and to ensure a low turbidity ground water 
sample. 

Atlantic personnel developed overburden monitoring wells using the surge block method 
according to Atlantic Procedure 1070. A Honda centrifugal pump and a two inch O.D. teflon 
surge block were used for development. Each well was developed for a maximum of four hours 
or until the water remained clear after ten strokes of the surge block. A turbidity meter was 
used to measure the clarity of the well water after surging; a value of 50 NTUs or less, 
measured ten minutes after surging was considered adequately clear. 

The bedrock wells were developed by Empire under Atlantic supervision. Bedrock wells 
were developed with compressed air supplied from an oil free compressor. Development was 
performed immediately after drilling while the drill rods were still in the hole. Development 
continued until the clarity of the water was comparable to that of a jar of distilled water. Due 
to low flow rates realized during drilling, a submersible pump was used to develop two of 
the bedrock wells. Compressed air development of these wells would not have been a cost 
efficient use of the drill rig as water clarity was not readily achieved. The wells were 
developed until the clarity of the water was comparable to that of a jar of distilled water. 
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2.8.3 Hvdraulic Conductivity Tests 

Single well hydraulic conductivity tests were performed on approximately half of the 
installed wells. The purpose of the testing was to determine order-of-magnitude hydraulic 
conductivity values. 

Hydraulic conductivity tests were performed according to Atlantic Procedure 1071. 
Wells were chosen for hydraulic conductivity tests based on such factors as aquifer material and 
areal distribution across the site. Methods of hydraulic conductivity testing were chosen based 
on criteria presented in Atlantic Procedure 1071 including position of well screen, need to 
contain discharge water, and site logistics. Based on the above criteria the displacement slug 
test method was used for all but one well (6MW5D), which used the single well pump test. 
Single well pump tests proved impractical for most wells because a large volume of water had 
to be pumped (and contained) to produce measurable drawdown. 

Slug tests were performed using PVC devices filled with clean sand and capped with 
wingnut trap plugs. One inch and four inch diameter, six foot long slugs were used in 
overburden and bedrock wells, respectively. In some overburden wells a one inch diameter five 
foot long device was used. The displacement devices were lowered and raised with 
polypropylene rope. An In-Situ pressure transducer and data logger were used to measure and 
record water level changes during the tests. 

Prior to each test, the static water level was measured with an electronic water level 
indicator. The pressure transducer and a displacement device were placed in the well and 
allowed to equilibrate. The displacement device was usually placed in the well the previous day 
to allow the water level to equilibrate. When the water level returned to its original position, 
the displacement device was pulled out of the well and the rising water levels recorded. 

The slug displacement test data from the overburden wells were analyzed using the 
Bouwer and Rice method of estimating hydraulic conductivity. Recovery plots and calculated 
hydraulic conductivities for each well tested are included in Appendix B. All data required to 
use this method were available except, on occasion, the saturated thickness of the aquifer 
material. If aquifer thickness in the vicinity of the tested well was not measured, it was 
estimated to equal the distance from the water table to the bottom of the well. 

The Cooper, Bredehoeft, and Papadopulos Method (1967) was used to estimate 
transmissivity from the slug displacement test data collected from bedrock wells. For the 
purposes of the calculation, it was assumed that the bedrock acts like a porous media and that 
the saturated thickness of the bedrock aquifer was 150 feet. The values generated by this 
method reflect transmissivity values which are representative of the bedrock as a single hydraulic 
unit. Transmissive properties of discrete fractures intersected by the wells will be greater than 
the transmissivity calculated by this method. Recovery plots and calculated transmissivities for 
the bedrock wells are also included in Appendix B. 

Hydraulic conductivity test results are discussed in Section 3.0 and the analysis 
calculations are presented in Appendix B. 
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2.8.4 Ground Water Samuling 

Atlantic personnel collected one round of ground water samples for this investigation. 
Fifty-eight of the 59 wells installed for this investigation were sampled along with seven wells 
installed as part of previous investigations at the Lower Subase. The 59th well (2LMW13S) was 
dry at the time of sampling. Ground water samples were analyzed for a variety of parameters 
including some or all of the following: VOCs, SVOs, pesticides, PCBs, inorganics, TPH, 
fluorescence, gross alpha and gross beta radiation. Tables 2-l 1 (Step I sites), 2-12 (Area A), 
2-13 (DRMO), and 2-14 (Lower Subase) provide sample-specific analytical parameters; results 
are presented and discussed in Section 4.0. The sampling was performed in December of 1990 
and February of 199 1. 

Wells were sampled according to Atlantic Procedure 1023. All overburden wells were 
purged and sampled with a peristaltic pump outfitted with disposable teflon tubing. In some 
bedrock wells that contained a large volume of water, a larger volume centrifugal pump was 
used for purging and the peristaltic pump was used for sampling. In several other bedrock wells 
where depth of the water level was below 25 feet, submersible pumps were used for purging and 
single-use teflon bailers were used for sampling. All ground water samples were collected at 
least two weeks after well development occurred. 

Prior to the extraction of any ground water, the depth to water was measured to the 
nearest 0.01 feet, using a Solinst electronic water level indicator. If the depth of the well 
was unknown the bottom was also sounded. The well volume was then calculated using this 
data. The device was properly decontaminated between wells. A minimum of four well 
volumes were purged while measuring pH, temperature and conductivity at regular intervals. 
After the evacuation of the four well volumes, the sample was collected when these three 
parameters stabilized to within five percent fluctuation. In wells where a peristaltic pump was 
used for purging, the pump and tubing were used to collect non-volatile samples. Following the 
collection of the last non-volatile sample, the peristaltic pump tubing was removed from the well 
and the VOC sample was collected with a single-use teflon bailer. When a bailer was used to 
collect all samples, VOCs were collected first to avoid the loss of volatiles that could be caused 
by the constant agitation of a bailer. All samples for metals analysis were field filtered with an 
in-line 0.45 micron filter. 

2.8.5 Residential Well Samnling 

The objective of the residential well sampling program was to analyze ground water 
quality in nearby offsite areas to assess what impact, if any, the site was having on area ground 
water. 

The sampling program consisted of two rounds of sampling. In the first round 
sampling, locations were chosen based on proximity to NSB-NLON and willingness of individual 
homeowners to have their wells tested. Generally, the wells were located on roads closest to 
the Area A and DEMO sites. These included Sleepy Hollow Pentway, Pinelock Drive, Long 
Cove Road and Route 12. A total of 14 wells were sampled in December of 1990. Analytical 
parameters included VOCs, SVOs, inorganics, pesticides, and PCBs. 
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TABLE 2-11 
STEP I SITES 

SUMMARY OF GROUND WATER AND SURFACE WATER SAMPLING PROGRAM 

NOTES 

1) VOC - Volatile Organic Compounds Inorganics - Metals and Cyanide 
SVO - Semi-Volatile Organic Compounds PCBs - Polychlorinated Biphenyls 

2) MW - Ground Water Sample S - Overburden Monitoring Well 
SW - Surface Water Sample D- Bedrodr Monitoring Well 

3) Original Sample Data rejected during validation; location resampled at a later date for parameters indicated. 



TABLE 2-12 
AREA A 

SUMMARY OF GROUND WATER AND SURFACE WATER SAMPLING PROGRAM 

I I LABORATORY ANALYSES’ 
ROSS 1 I I PLUORE- GROSS Gl 

ES PC& TPH SCZNCE ALPHA BETA 1 DH 
I 

I . . . l . 
1 Dly - Not Sampled 

I I I I l . 

I 

I I I I 6.61 
-- 

l l . i 0 I . I I I . I . I I;<* I OllCM-2LMW13D . 
121’T90-2LMW14D 

I “..rT 
l . l 0 l 0 . 

010291-2LMW17S 
5.70 

. l l l l 0 l 
010891-2LhfWl;- - 

5.87 
w I Ymlculates I l I . l . l l . 

. I . I . l I . ( 0 l 1 5.23 

I . I . I . I l l . 0 I 7.90 

1 I . I . I l I . I / l l -- 
I 

I I I 

mwlvs 
l . l . . l . 

I I I I I ( 6.26 010791-2DMWlOD 
010291-2DMWllS I . I . I . . . . 
Olt?i’91-2DMWllD 

I I I I I I l 1 6.31 
l . l . l 

010791-2DMWlSD I 
l . 

I . I 
1 . 

I 1 6.66 
I 0 

010391-2DMW16S 
I l . I . l 

Cloudy 
I 5.94 

1 . I . ! . ! l 
1 

011*-* en. -..- <- ! l ! I 
1 
I l I l I 6.6‘Lj 

4YI-LIJMWIOIJ I I l I l 1 l ! l 0 
M.-s nr\n.r,r I-. . 

. I l 1 6.23 
121wu-LUJw 1 I LLO”ov I . I . I I . I I . I . I I I I I I 

I 
/ 
I 

/ 
121090-2DSW: 1 1 Cloudv I I 

I 
l . I l . . 

121090-2DSW3 1 Particulates I 

I I I 3 I I I 
0 l . l . . l 

121090-2DSW4 l . l l l 
121090-2DSU” I I I I 

121090-2DSM : 
I I . I . I l I l I 0 I I l l 

l . l . l I I 
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TABLE 2- 12 (continued) 
AREA A 

SUMMARY OF GROUND WATER AND SURFACE WATER SAMPLING PROGRAM 

LABORATORY ANALYSES 
PLUORE- GROSS GROSS 

COMMENTS VOC WO MoFtGANlCS PEsr1c1DEs F-CBS 

121030-2DSW8 l l l l . -- 
121090-2DSW9 * l 0 l l -- 

121090-2DSWlO * . l l l -- 

121090-2DSWll * l l l l -- 

NOTES 

1) VOC - Volatile Organic Compounds Inorganics - Metals and Cyanide 
SVO - Semi-Volatile Organic Compounds PCBs - Polychlorinated Biphenyls 

2) MW - Ground Water Sample S - Overburden Monitoring Well 
SW - Surface Water Sample D- Bedrock Monitoring Welf 

3) Original Sample Data rejected during validation; location resampled at a later date for parameters indicated. 
4) oH listed is the DH measured in the field iust orior to samoline. DH is nd listed for surface water samoles or wells for which the DH was net used to indicate how lone to oume the well 



TABLE 2-13 
DRMO 

SUMMARY OF GROUND WATER AND SURFACE WATER SAMPLING PROGRAM 

NOTES 
1) VGC - Volatile Organic Compounds Inorganics - Metals and Cyanide 

SVO - Semi-Volatile Organic Compounds PCBs - Polychlorinated Biphenyls 
2) MW - Ground Water Sample S - Overburden Monitoring Well 

SW - Surface Water Sample D- Bedrodc Monitoring Well 
3) pH listed is the pH measured in the field just prior to sampling. pH is not listed for surface water samples or wells for which the pH was not used to indicate how long to purge the well. 



TABLE 2-14 
LOWER SUBASE 

SUMMARY OF GROUND WATER AND SURFACE WATER SAMPLING PROGRAM 

LABORATORY ANALYSES 
PLUORE- GROSS GROSS 

SAMPLEd COIUMEMS VOC SVO INoRGANIcs PEsrlClDES PC& TPH StXNCE ALPHA EtETA 3 

011691-13MwlS l . l l 6.!9 
011691-13MwE l l l l 6.48 
OllCm-13Mwx Floating Product; Partixlata l l l l 6.44 

l l l l 1111 

011791-13Mwss ( Floating Product; Paltixlatcs I l l . l / 6.60 
m 1 w, - 1 ,LauKP YII”7I-I>I.A..v.a I I . I I . I I I 

I 
L I . I I I AC7 “._ll 

011591-13Mw7s l l l l 9.09 
021191-13hW8 l l . l 6.89 
011791-13MW9S Cloudy; Sheen l l l l 7.34 
011891-13MWlOS l l l l 6.58 

L-WEMWlS l l l l 6.72 
I-wEMw4s l l l l 6.39 
I-wEMw.93 Particulates l l l l 6.97 
I --NF’XlMWA~ . . . l 6f.Z 011891 ..---..* . . .I 

012191-NESOMW6S Particufates 
012191-NESOMWIOS 
012191-NESOll 

-.-- 
l l l l 6.36 
l l l 0 6.68 
l l l l 6.80 

NOTES 

1) VOC - Volatile Organic Compounds Inorganics - Metals and Cyanide 
SVO - Semi-Volatile Organic Compounds PCBs - Polychloriuated Biphenyfs 

2) MW - Ground Water Sample S - Overburden Monitoring Well 
SW - Surface Water Sample D- Bedrock Monitoring WeU 

3) pH listed is the pH measured in the fiekl just prior to sampling. pH is not listed for surface water samples or wells for which the pH was not used to indicate how long to purge the well. 



The second round of sampling was performed in February of 1991 to confii selected 
results of the first round and to expand the sampling area to the east to Baldwin Hill and North 
Pleasant Valley Roads. Five of the original 14 wells were resampled along with eight additional 
wells which were located near a home where cadmium was detected above primary drinking 
water standards. Twelve of these wells were sampled for Inorganics only and the thirteenth was 
sampled for VOCs only, based on the presence of VOCs in the first sampling round. Table 2-15 
provides the analytical summary of this program; results are presented and discussed in Section 
4.0. 

The procedure for sampling residential wells was as follows: the sample was collected 
from as close to the well as possible. In general, this involved purging at least one holding tank 
volume through a faucet or outside spigot (20 minutes minimum). The sample was collected 
from a spigot on the holding tank if possible. If this was not possible, the sample was taken 
from a nearby faucet from which any particulate filters had been removed. 

Data collected (as available) at the time of sampling indicates depth, location and type 
of wells and pumps, water treatment (if any), and water pipe material. 

2.9 Surface Water Investigation 

The objective of the surface water investigation at NSB-NLON was to assess surface 
water quality of onsite streams within the Area A site, four sampling points along the bank of 
the Thames River and at an offsite stream originating along the perimeter road at the northern 
portion of the base, and flowing offsite to the north. The summary of the surface water 
sampling and analytical program is included with the ground water tables (Tables 2- 11,2- 12 and 
2-13). 

The surface water sampling program consisted of 13 sampling points within the Area A 
site, three sampling points in the north base offsite stream, and upstream and downstream 
sampling points in the Thames River. One round of sampling was conducted. All samples were 
analyzed for VOCs, SVOs, Inorganics, Pesticides, and PCBs. Samples from the Thames River 
and two of the samples downstream from Area A were analyzed for gross alpha and gross beta 
radiation. 

Atlantic personnel collected all onsite samples in December of 1990 and offsite north base 
stream samples in February of 1991. The samples were collected according to Atlantic 
Procedure 1022. 

2.10 Ecological Investigation 

An ecological survey was conducted for the sites investigated, which is discussed in detail 
in Section 7.0, Ecological Risk Assessment. Many sites are heavily developed, and a detailed 
ecological assessment was not acceptable. The principal area where an ecological survey was 
conducted was Area A, which is within the undeveloped northern portion of NSB-NLON. The 
ecological survey consisted of an identification of birds, mammals, reptiles, amphibians and 
vegetation. 
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TABLE 2-15 
SUMMARY OF OFFSITE RESIDENTIAL WELL SAMPLING PROGRAM 

I -_-------__- _-._--I- 
PLlJoRE- GROS GROSS 

INORGANICS W~ICIDES PcBa TPH SCZtN~ ALPHA BETA 
imm Rc.xJND 

020591-OSW23 1198 North Pleasant Valley Road 0 

020591-OSW24 1298 North Pleasant Valley Road b 

020591-OSW25 1320Route 12 . 

cI.20791-osw28 1469 Route 12 0 
IIuJ791-osW29 1323 Route 12 a 
cr20791-osww 1319 Baldwin Hill Road l 

NOTES 
1) VOC - Volatile Organic Compounds Inorganics - Metals and Cyanide 

SVO - Semi-Volatile Organic Compounds PCBs - Poiychlorinated Biphenyls 
2) MW - Ground Water Sample S - Overburden Monitoring Well 

SW - Surface Water Sample D- Bedrock Monitoring Well 
3) Oriiinal Sample Data rejected during validation; location resampled at a later date for parameters indicated. 

Inorganic rejections pertained only to cyanide. 



2.11 Oualitv Assurance/Oualit_v Control KhUOC) 

This project was conducted in accordance with the approved Quality Assurance/Quality 
Control and Data Management Plan and Field Sampling Plan dated April 1989. The QA/QC 
plan was developed based on guidance provided in Sample and Chemical Analysis Quality 
Assurance Requirements for the Navy Installation Restoration Program, NEESA 20.2-047B. dI’ 
program implemented at the Subase was performed under NEESA Level C Guidelines. This is 
equivalent to Data Quality Objective (DQO) Level 3 as defined by the USEPA. The major 
differences between Navy Level C and Navy Level D (DQO Level 4) occur in the analytical 
procedures used and validation of data. Level C allows for the use of EPA approved analytical 
methods whereas Level D requires the use of CLP procedures only. However, CLP analytical 
procedures were used for this project. Level C involves data review as described in Section 
2.11.3 in contrast to the CLP validation required for Level D. 

A complete Quality Assurance/Quality Control report is provided in Appendix C. The 
QA/QC program is summarized below. 

2.11.1 Field Oualitv Control (OC) SamDIes 

The QA/QC plan called for the collection of field duplicates, referee duplicates, trip 
blanks, field blanks, and equipment rinsates. Matrix spike and matrix spike duplicates were also 
analyzed as a part of laboratory QA/QC. Quality control samples, specified frequencies to be 
collected, and actual sample quantity collected as part of this investigation are summarized in 
Table 2-16. 

TABLE 2-16 
SUMMARY OF QAIQC SAMPLES 

Sample Type 

Field Duplicates 

‘. 
Specified Freq&ey 

10% per matrix 

Specified Sample Actual Sample 
Qyantity Qqmtity 

32 36 

Referee Duplicates As determined by USEPA --- 10 

Collect one per day, analyze every other 
Equipment Rinsates day. Analyze remaining samples if pertinent 

analytes are found in the rinsates. 
73 73 

Trip Blanks One per cooler containing VOC samples. 47 47 

Field Blanks 
I 

One per source of decon and drilling water. 
I 

3 
I 

4 
I I I 

1. Matrix spikes and matrix spike duplicates were performed at a frequency of 5 % per matrix for 
organic analyses. 

2. Matrix spikes and duplicates were performed at a frequency of 5 % per matrix for inorganic 
nalyses . 

The referee duplicates were collected by Alliance Technologies, an EPA oversight 
contractor. To date final results of the referee duplicate analyses have not been received, . 
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however, the USEPA has indicated that preliminary results are acceptable. The trip blanks 
contained deionized laboratory water. The equipment rinsates consisted of distilled water 
utilized as a final rinse during decon procedures. The field blanks were samples of driller’s 
water, and water used during equipment decon. 

A small number of trip blanks contained low levels of volatile organics, but neither trip 
nor field blanks demonstrated any significant problems. Equipment rinsates were found to 
contain elevated levels of metals in the beginning of the sampling program. It was determined 
that the use of ten percent (10%) nitric acid solution as a decon fluid on the driller’s split spoons 
may have been causing leaching of metals into the rinsates. This procedure was modified to use 
1% nitric acid solution and the levels of metals in the rinsates diminished. The equipment 
rinsates analytical results caused the estimation of some inorganic data. 

Matrix spikes and matrix spike duplicates were run for volatiles, semi-volatiles, and 
pesticides/PCBs at a frequency of 1 in 20 samples of similar matrix or one per batch of samples 
sent to the laboratory, whichever was greater. For metals analysis, a duplicate and a matrix 
spike were run for every 20 samples of similar matrix or one per batch of samples. Matrix 
spike recoveries were generally acceptable although small amounts of data were estimated or 
rejected based on poor matrix spike recoveries. See Appendix C for further discussion. 

2.11.2 Field Audits 

Several audits were performed by Atlantic’s QA coordinator to ensure that the field work 
was conducted according to the procedures contained in the Field Sampling Plan. Field audits 
and/or inspections were performed on the following days: 

I November January August 30, 15, 13, 1990 1991 1990 Subsurface Subsurface Ground Water Soils Soils I 

The field audits indicated general compliance with the required sampling procedures; 
several minor deviations of the procedures were noted and corrected. 

USEPA oversight was provided by Alliance Technologies, Inc. 

2.11.3 Data Validation 

P- 

A checklist was developed to facilitate the review of analytical data generated under Navy 
Level C requirements (DQO Level III). The checklist incorporated the provisions for validation 
presented in the NEESA document entitled Sampling and Chemical Analysis Quality Assurance 
Requirements fur the Navy Installation Restoration Program, NEESA 20.2-047B. The criteria 
presented in the checklist to evaluate sample and quality control results are based on the 
analytical requirements and validation guidelines defined in NEESA 20.2-047B. The checklist 
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is included in Appendix C. 

Data validation involved the checking of laboratory generated forms for sample quality 
control, standards results, and assigning the data qualifiers if appropriate. 

The checklist provides summary pages for listing estimated and rejected data results upon 
completion of the validation process. The resulting data qualifiers were transcribed onto the 
laboratory data result forms and subsequently added to any data tables generated. A summary 
of the data qualifiers are provided on Table 2-17. 

TABLE 2-17 
LABORATORY ANALYTICAL DATA QUALIFIERS 

Organic Data Qua&k Flags 

ND None detected. 

The “J” flag indicates an estimated value due to validation requirements or when the data 
indicates the presence of a compound that meets identification criteria, but the quantitated value 
is less than the CRQL. 

D 

E 

K or Y 

The “B” flag indicates that the anaiyte was found in the associated blank as well as in the 
sample. 

The “D” flag indicates that the sample was diluted due to high concentrations. 

The “E” flag indicates compound concentrations that exceed the calibration range of the 
GUMS instrument. 

The “X” or “Y” flag indicates that the compound values have been edited on a laboratory 
data system. 

The “R” flag indicates that the result is rejected based on validation guidelines. 

It is important to note that there are a variety of reasons for estimating or rejecting data. 
Reasons for qualification of data are discussed in further detail in Appendix C. The completed 
data review checklists provide validation information pertaining to any specific samples. 

2.11.4 Data Oualitv Objectives 

Data validation was used to evaluate whether the data quality objectives (DQO) for all 
measurements (field and laboratory) had been reached. The DQOs include considerations of 
precision, accuracy, and completeness as summarized in the following paragraphs. Appendix 
C summarizes the qualifkations made to the analytical data. DQOs are discussed in further 
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detail, including calculations, in Appendix C. 

Precision is a test of the repeatability of a measurement and is based upon the results of 
field or laboratory duplicates. Precision is considered acceptable if the relative percent 
difference (RPD) between two duplicate samples is within f30 percent (aqueous samples) or 
&50 percent (soil samples). RPDs were calculated as part of the data validation process and 
two percent of the analytical results were estimated due to duplicates having RPDs greater than 
30 percent. 

Accuracv of analysis was determined by the evaluation of matrix spike and matrix spike 
duplicate samples of known quantities. The degree of accuracy and recovery of an analyte 
expected for the analysis of QA samples and spiked samples is dependent upon the matrix, 
method of analysis, and compound or element being determined in the analysis. Unless 
otherwise specified, the QC objective for accuracy is a recovery of 75 to 125 percent. 

Accuracy calculations, prepared by the laboratory, are provided in the laboratory 
analytical package. Analytes exhibiting values lower or higher than this were estimated in 
associated samples. Samples for inorganic analysis which were not detected and had associated 
spike recoveries < 30 % were rejected as part of data validation. Samples for organic analysis 
which were not detected and had spike recoveries C 10% were rejected as part of data 
validation. Less than one percent of all analytical data was rejected based on accuracy 
considerations. 

ComDleteness is a measurement of valid data obtained relative to the total amount of data 
generated. This project’s QC objective for data completeness, as a percentage of valid data 
reported, was 290%. As shown in Appendix C, 1.4% of all data was rejected 
corresponding to a completeness of 98.6%. Completeness is discussed in further detail in 
Appendix C. 

Based upon consideration of precision, accuracy, and completeness, the data quality 
objectives for this project were met or exceeded. 
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3.0 ;----- PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

This section describes the characteristics of the study area, including topography, soils, 
geology and hydrology, climatology and demography. The ecology of the study area is 
presented in detail in Section 7.0. Detailed site specific discussions are provided which include 
geology and hydrogeology. The hydrogeology section includes an evaluation of ground water 
flow direction and velocity. 

3.1 ToDograDhy 

The land around NSB-NLON is a series of low bedrock ridges that trend generally north- 
south. Lowlands between the ridges are commonly wetlands and poorly-drained stream valleys. 
The Thames River adjacent to the west of NSB-NLON is flanked by glacially-derived terrace 
deposits and more recent flood plain deposits. 

The topography of NSB-NLON (see Figure l-2) is dominated by bedrock ridges in the 
northern (elevation 180 feet MSL) and central (elevation 230 feet MSL) portions of the site as 
well as an offsite ridge (Baldwin Hill, elevation 245 feet MSL) that is located adjacent to the 
east of the site. The low lying area (elevation 50 feet MSL) between these ridges slopes to the 
west (USGS, 1984). The eastern portion of this area is a wetland (Area A) which drains through 
an earthen dike into an area that is thirty to forty feet below the elevation of the wetland. A 
review of historical topographic maps and other historical information suggests that the 
construction of the dike in 1957;and the subsequent filling of the area east of the dike with 
sediments dredged from the Thames River, contributed to this difference in elevation. 

The southern and western portions of NSB-NLON are generally flat with sparse bedrock 
outcrops. 

The topography in several areas of the site has been altered by landftig and quarrying. 
A review of topographic maps from 1893, 1938,1939, and 1952 and other historical information 
provided the following information. 

As discussed above, the low lying area that is now the Area A Wetland was filled in the 
late 1950s with dredged sediments from the Thames River. Refuse material generated at NSB- 
NLON was disposed on top of dredge spoil in the Area A Landfii. Boring information from 
this investigation indicates that the thickness of dredge spoil is approximately 10 to 15 feet on 
the north section of the wetland and approximately 35 feet on the south portion of the wetland 
adjacent to the Area A Landfill. Thickness of refuse material in the landfill is estimated to be 
from ten to 20 feet. Landfill and dredge disposal activities substantially altered the topography 
of this area. 

- F 

The DRMO site was previously used as a landfill. Fill material in the northern portion 
of the site extends from the surface to between five and 20 feet below grade. In the eastern and 
southern portions of the site, ffl was absent or less than five feet thick. Goss Cove was also 
filled in with landfii material. Depth of fill material, as estimated from boring logs, is between 
15 and 20 feet on the west side of the site and ten feet or less on the east side of the site. Fill 
material lies directly on top of river sediments in most cases. Since both the DRMO and Goss 
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Cove were once part of the Thames River, it is evident that the topography of both sites has 
been altered significantly. 

The Lower Subase is built primarily on ffl material. A review of 1893 and 1938 
topographic maps and 1934 aerial photographs shows that the original pier was constructed on 
a parcel of land that protruded into the Thames River. As more buildings and piers were added, 
fill material was also added. Subsurface soil sampling information from this investigation 
indicates that the fill consists of clean sand and gravel. Fill is thickest (20 feet) on the west side 
of the site adjacent to the bulkhead and thins to the east. 

The present site of the Torpedo Shops was once a rock quarry. A large lake, Crystal 
Lake, was located in the southernmost portion of the NSB-NLON adjacent to Crystal Lake 
Road. Historical topographic maps show that it was filled sometime after 1938. 

3.2 Soils 

Figure 3-l is a soils map of NSB-NLON prepared by the Soil Conservation Service 
(SCS, 1983). In general, soils at NSB-NLON have moderate to moderately rapid permeability 
according to the SCS information. Available water capacity is moderate to low, and runoff is 
rapid or very rapid. The pH is strongly to moderately acidic. Erosion hazard is severe. A 
detailed description of each soil follows (SCS, 1983). Figure 3-l shows which soil 
classifications are found at each of the sites investigated. 

Regarding SCS soil descriptions, the following is noted: 1) SCS soil grain size ranges 
are different from those used in geological and engineering practice; 2) SCS descriptions 
are only based upon the first five feet of soil from the surface; and 3) descriptive 
permeability ranges for a given soil type correspond to specific numerical values. 

CdC - Canton and Charlton, 3-15 % Slopes - This complex consists of sloping to 
gently sloping, well drained, extremely stony fine sandy loams found on glacial till upland hills, 
plains and ridges. Stones and boulders cover eight to 25 percent of the surface. 

Charlton, Canton and a number of other soils are mapped together because there are no 
major differences in use or management. The mapped acreage of this group is approximately 
55 percent Canton soil, 25 percent Charlton soil and 20 percent other soils. 

Typically, the Canton soil has a black, fine sandy loam surface layer one inch thick. The 
subsoil is dark, yellowish-brown, fine sandy loam and sandy loam 23 inches thick. The 
substratum is grayish brown gravelly sand to a depth of 60 inches or more. Permeability of the 
Canton Soil is moderately rapid in the surface layer and subsoil and rapid in the substratum. 
Available water capacity is moderate. Canton soil warms up and dries out rapidly in the spring. 
It is strongly acidic to medium acidic. 

The Charlton soil typically has a very dark grayish brown, fine sandy loam surface layer 
three inches thick. The subsoil is dark yellowish brown, yellowish brown and light olive brown 
fine sandy loam 26 inches thick. The substratum is grayish brown fine sandy loam to a depth 
of 60 inches or more. Permeability of the Charlton soil is moderate or moderately rapid. 
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Available water capacity is moderate. Charlton soil warms up and dries out rapidly in the 
spring. It is strongly acidic to medium acidic. The hazard of erosion is moderate or severe. 

W 

CdD - Canton and Char&on, 15-35 % Slopes - This group consists of extremely stony, 
fme sandy loams with steep to moderately steep slopes. Stones and boulders cover eight to 25 
percent of the surface. Most areas mapped CdD are irregular or long and narrow in shape and 
from two to 50 acres in size. Erosion hazard in these areas is severe. Other characteristics of 
the Canton and Charlton soils are as described above. 

CrC - Charlton-Hollis. 3-15 % Sloues - This gently sloping to sloping complex consists 
of very rocky fine sandy loams that are somewhat excessively drained to well drained. Rock 
outcrops cover up to ten percent of the surface. Stones and boulders cover one to eight percent 
of the surface. Most areas mapped CrC are irregular in shape and two to 60 acres. This 
complex is about 55 percent Charlton soil, 20 percent Hollis soil, and 25 percent other soils and 
rock outcrops. Erosion hazard is moderate to severe. 

The Hollis soil typically has a very dark brown, fine sandy loam surface layer two inches 
thick. The subsoil is dark brown and dark yellowish brown fine sandy loam 15 inches thick. 
Hard unweathered bedrock is usually at a shallow depth. Permeability of the Hollis soil is 
moderate to moderately rapid above bedrock. Available water capacity is low, and runoff is 
medium or rapid. Hollis soil warms up and dries out rapidly in the spring. It is strongly acidic 
to medium acidic. 

Characteristics of the Charlton Soils are described above. 

HrC - Hollis-Charlton Rock, 3-15 % Slopes - This gently sloping to sloping complex 
consists of somewhat excessively drained and well drained soils and rock outcrop on glacial till 
uplands. Stones and boulders cover one to eight percent of the surface. Mapped areas are 
irregular in shape and two to 45 acres in size. The complex consists of 40 percent Hollis soil, 
25 percent Charlton soil, 20 percent rock outcrop, and 15 percent other soils. The hazard of 
erosion is moderate to severe. Characteristics of Hollis and Charlton soils are described above. 

HrD - Hollis-Charlton Rock. 15-45 % Slopes - This moderately steep to very steep 
complex consists of somewhat excessively drained and well drained soils and rock outcrop on 
glacial till uplands. Stones and boulders cover one to eight percent of the surface. Mapped 
areas are irregular in shape and two to 45 acres in size. The complex consists of 40 percent 
Hollis soil, 25 percent Charlton soil, 20 percent rock outcrop, and 15 percent other soils. The 
hazard of erosion is severe. Characteristics of Hollis and Charlton soils are described above. 

HkC - Hincklev Sandv Loam. 3-15 % Slows - This gently sloping and sloping 
excessively drained soil is a gravelly, sandy loam that is found on stream terraces, outwash 
plains, kames and eskers. Most mapped areas are irregular in shape and between two and 25 
acres in size. Erosion hazard is moderate or severe. 

Typically, the Hinckley soil has a dark brown, gravelly sandy loam surface layer seven 
inches thick. The subsoil is yellowish-brown gravelly loamy sand 15 inches thick. The 
substratum is brownish-yellow very gravelly coarse sand to a depth of 60 inches or more. 
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-- Permeability is rapid in the surface layer and subsoil and very rapid in the substratum. 
Available water capacity is low, and runoff is medium or rapid. Hinckley soil warms up and 
dries out rapidly in the spring. It is strongly acidic or medium acidic. 

NhC - Narragansett Silt Loam. 3-15 % Slopes - This extremely stony silt loam is a 
gently sloping to sloping, well drained soil which is found on glacial till uplands hills, ridges 
and plains. Stones and boulders cover eight to 25 percent of the surface. Most mapped areas 
are irregular in shape and from 2 to 40 acres in size. The hazard of erosion is moderate or 
severe. 

Typically, this Narragansett soil has a dark brown, silt loam surface layer three inches 
thick. The subsoil is dark yellowish-brown and yellowish-brown silt loam 25 inches thick. The 
substratum is light olive brown gravelly, loamy coarse sand to a depth of 60 inches or more. 
Permeability of the Narragansett soil is moderate in the surface layer and subsoil and moderately 
rapid or rapid in the substratum. The available water capacity is high, and runoff is medium 
to rapid. Narragansett soil warms up and dries out rapidly in the spring. It is strongly acidic 
or medium acidic. 

RD - Rock OutcrowHollis. 3-45 % Slopes - This gently sloping to very steep complex 
consists of rock outcrop and a somewhat excessively drained soil on glacial till uplands. Stones 
and boulders cover one to eight percent of the surface. Mapped areas are irregular in shape and 
mostly 2 to 15 acres in size. This complex is about 50 percent rock outcrop, 30 percent Hollis 
soil, and 20 percent other soils. The hazard of erosion is severe. Rock outcrop is hard, 
unweathered, exposed bedrock. 

The characteristics of the Hollis soil are described above. 

Ud - Udorthents-Urban Land. O-15 % Slopes - This complex consists of excessively 
drained to moderately well drained soils that have been disturbed by cutting and filling, and 
areas that are covered by buildings or pavement. Mapped acres are mostly 5 to 40 acres in size. 
About 60 percent of the complex is Udorthents, 25 percent is urban land, and 15 percent is other 
soils. 

Some areas of Udorthents have been cut to a depth of two feet or more, and some have 
been covered with more than two feet of fill. Permeability of the Udorthents is slow to very 
rapid. The available water capacity and runoff are variable. 

Urban land consists mainly of areas of developed or disturbed land. 

Ur - Urban Land - This group consists of land where more than 85 percent of the 
surface is covered by streets, parking lots, buildings and other structures. Most urban land is 
in densely populated areas and units are 5 to 30 acres in size. 

Most of the underlying soils have been altered by excavating or have been covered with 
- fiu material. 
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3.3 Bedrock Geology 

Information regarding the geology of the site and surrounding area is based on data 
published by the United States Geological Survey (USGS, 1967) and supplemented by field 
observations. 

NSB-NLON is situated in the Eastern Uplands region of Connecticut, an area that is 
characterized by irregular hilly areas with many swamps, exposed bedrock, and poorly drained, 
uneven valleys. The Eastern Uplands can be divided into two geologic terranes according to 
their origins - the Avalonian Terrane which originated from continental crust, and the Iapetus 
Terrane which originated from oceanic crust (Rodgers, 1985). The Avalonian Terrane is 
considered to be the remnant of a relatively small continental land mass that collided with the 
North American continent in the late Permian Period (approximately 250 million years ago). 
The Iapetus Terrane is composed of sediments from the ocean that lay between the Avalonian 
continent and the North American continent and were intensely deformed prior to and during 
the collision (Bell, 1985). The northern portion of eastern Connecticut is part of the Iapetus 
Terrane. The southeasternmost portion of Connecticut, including NSB-NLON, consists of 
intensely deformed rocks that make up the Avalonian Terrane. A major east-west trending fault, 
the Honey Hill Fault, separates the two terrains approximately six miles north of NSB-NLON. 
Avalonian rocks, including the bedrock at NSB-NLON, consist of metamorphosed sedimentary 
and igneous rocks. 

According to the USGS Bedrock Geologic Map (USGS, 1967), the bedrock at NSB- 
NLON can be divided into three age groups, Pre-Silurian, Pre-Pennsylvanian, and Pennsylvanian 

The local bedrock contains a complex series of folds, faults, anticlines and or younger. 
synclines. Figure 3-2 shows the bedrock geology of the site and Figure 3-3 presents a 
generalized geologic cross-section of the site area. 

I 

Pre-Silurian rocks at the site consist primarily of members of the Mamacoke Formation 
and, to a lesser extent, the Plainfield Formation. Mamacoke Formation rocks are composed of 
indistinctly layered light-to-dark gray, medium-grained, biotite-quartz-feldspar gneiss. Minor 
layers contain sillimanite, garnet, hornblende and microcline as well. Members are locally 
granitoid and migmatic. Rocks from a member of the Plainfield Formation underlie the 
northeast portion of the site. The unit is a dark green hornblende-biotite-quartz-plagioclase 
gneiss. 

Pre-Pennsylvanian rocks occurring at NSB-NLON are members of the Sterling Plutonic 
Group and consist of igneous intrusives that have been metamorphosed to granitic gneisses. The 
Sterling Plutonic Group is further divided into the Alaskite Gneiss and the Granite Gneiss. 

The Alaskite Gneiss is an orange-pink to light gray, fine- to medium-grained, 
equigranular, gneissic granite composed of equal amounts of quartz, microcline and albitic-to- 
sodic oligoclase, with small amounts of magnetite and biotite. 

The Granitic Gneiss is an orange-pink to light gray, medium-grained gneissic biotite 
granite. The main constituents are equal amounts of quartz and microcline, oligoclase, and from 
two to seven percent biotite and iron oxides. In both the Granitic and Alaskite Gneisses, the 
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Alaskite gneiss 

sa - orange-pink to light-grey, fine to medium-greined, equigranular gnsissic granite 
composed of about equal amounts of quartz, microcline and albiie to sodio oligoolase, 
and about 1 percent magnetite or as much ae 2 percent magnetite and biotite. 

Granite gneisa 

sg - orange-pink to light-gray, medium-grainsd, gnsissic biotite granite, main constituents 

quartz - microcline oligoclaas with 2-7 percent biotite and iron oxides. Locally contains 
muscovite and garnet; somewhat uneven in mineral distribution. Foliation typically marked 
by parallelism of alternate flat lenses of quartz and feldspar& and paralleliem of biotite 
flakes. Biotite tends to be concentrated on surfaces between lenses. Some massw have 
slightly coarser grained streaks rich in orange-pink microcline in finer grained grey 

quartzmicroclinaplagioclase rock. Locally rnafic-poor similar to biotitic phases of 
the alaskite gneiss (sob). 

Mamacoke Formation 

rrm - indistinctly layered light- to dark-grey, biotite-, quartz-feldspar gneissand minor 
hornblende-biotite-quartrtz-feldspar gneiss; locally granitoid and migmatic. Thin layem of 
anphiboliis and quartzits. Biotits flakes typically small and mostly evenlydistributed. 

Atinfield Formation 

p - darkgreen homblendrtbiotite-quartz-plagioclase gneiss. in part diopsidic; dark biotite- 
quartz-plagioclass gneiss with variable amounts of microcline; garnet-biotits-quartz- 
feldspar schist and gnsiss; amphiboiiie; lightgrey sugary textured biotite-feldsparquartz 
gneisa; thin grey quartzits, rare thick white quartzits. 

po - talc-silicate quartzits and gneiss. 

pa - garnet-sillimanit~biotit~quartz-feldspar schist and gneies; gemetbiotite-quartz- 
feldspar gneiss; biotitsquartz-feldspar gneiss; minor biotitaquam-endesine gnsiss with 
diopside and colorless amphibole: thin-bedded quartzite, locally pyritic. 

psq - thick- to thin-bedded, white or tan, to light-grey, rarely greenislquartxite; thin-bedded 
mic~~ue quartzite, locally graphitlo; thin interlayers of garnet andsillknmita-bscving 
schist end gneiw. 
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--- biotite tends to be concentrated on the boundaries of lenses. 

One occurrence of the Westerly Granite has been mapped on the northwest portion of the 
site. The Westerly Granite occurs in dikes of gray fine- to medium-gtained, equigranular granite 
that is composed of primarily calcic oligoclase with equal amounts of quartz and microcline, 
about 3 % biotite, 1% muscovite and accessory minerals. 

3.4 Surflcial Geology 

Information regarding the surficial geology present at the site was obtained from the 
USGS Surficial Geology of the Uncasville Quadrangle Map (USGS, 1960). Figure 3-4 shows 
the surficial geology of the site. 

Most of the surficial deposits onsite are unconsolidated glacial materials deposited during 
the Pleistocene Age. The remainder of the surficial deposits are the products of post-glacial 
geologic processes and man-made modifications. 

The glacial deposits are divided into two types: nonstratified drift (also known as till or 
ground moraine) and stratified drift (also known as outwash). Nonstratified drift was deposited 
in direct contact with the glaciers. Stratified drift was deposited by meltwater streams from a 
near or distant ice mass. 

Most of the bedrock onsite is mantled by a thin layer of till which consists of a dense, 
heterogeneous mixture of clay, silt, sand and rock fragments ranging in size from cobbles to 
boulders. The majority of the material is unstratified but locally contains small pockets or lenses 
of stratified sand and gravel. Till is exposed on most of the upland surface and underlies 
outwash materials in the valleys. It varies considerably in thickness and in some places is 
absent, but averages less than ten feet thick. The till is thickest on the north slopes of hills and 
thin to absent on the summit and south sides. Till on the site consists of either locally fissile, 
bouldery sand and gravel or a fissile, bouldery, silt and clay. 

Till has been mapped at the Area A Landfii, OBDANE, CBU Drum Storage Area, and 
the Rubble Fill at Bunker A-86 site. 

Stratified drift is stratified silt, sand and gravel that was deposited by glacial meltwater. 
As the ice melted and local base levels of streams were lowered, the stratified deposits were left 
as ridges, mounds, terraces and pitted valley floors. At NSB-NLON, stratified drift is shown 
as terrace deposits of the Thames River and is mapped in the western portion of the site, at the 
southwestern end of the site adjacent to the former location of Crystal Lake, and beneath such 
sites as the southern portion of DRMO, the Area A Downstream, the Former Gasoline Station 
and portions of the Lower Subase. The Spent Acid Storage and Disposal Area is located on the 
contact between stratified drift and the limit of artificial fill in the southeastern part of the site. 

- K 
The northwestern end of the Area A Wetland, as well as the Over Bank Disposal Area 

and the Area A Downstream Watercourses, is mapped as Quatemary Alluvium. Quatemary 
alluvium consists of recently deposited sand, silt and gravel in flood plains. 
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-- Artificial fill is mapped in the areas of Goss Cove Landfill, DRMO, the majority of the 
Lower Subase, and the southernmost portion of NSB-NLON (former location of Crystal Lake). 

Extensive bedrock outcrops are mapped and were observed throughout NSB-NLON at 
or adjacent to all sites except the Lower Subase. 

3.5 Surface Water Hvdrology 

NSB-NLON is located on the east bank of the Thames River within the Thames River 
Watershed. The Thames River and its tributaries drain approximately 1,400 square miles of 
eastern Connecticut, western Rhode Island, and south central Massachusetts. The Thames River 
originates at the City of Norwich Harbor, at the confluence of the Shetucket and Yantic Rivers, 
and discharges into Long Island Sound approximately six miles south of NSB-NLON. The 
Thames River estuary extends from Long Island Sound north 16 miles to Norwich. Widths of 
the river vary from 1.5 miles at New London Harbor to approximately 500 feet at Norwich 
Harbor. 

Surface water from the site drains west toward the Thames River via streams and storm 
sewers. Figure 3-5 shows site drainage basins. The offsite portion of these watersheds includes 
a sparsely developed residential area located to the east along Route 12 and an area with limited 
commercial development located north of the intersection of Crystal Lake Road and Route 12. 

H-+- Onsite drainage includes several streams and ponds located in the north central section 
of NSB-NLON. These water courses discharge to the Thames River through discharge points 
located at the DRMO, on the Lower Subase north of Pier 33, and at the Goss Cove Landfill. 
More specific information regarding the watercourse and drainage features associated with each 
site investigated is provided in Section 1.2.5. 

3.6 Ground Water Hvdrology 

Information on area aquifers was obtained from the Connecticut Water Resource Bulletin 
Numbers 15 and 16 (USGSKWRC, 1968). 

In the site vicinity, ground water is present in stratified drift, bedrock and to a lesser 
extent, till. General aquifer characteristics for each type encountered onsite are described below. 

A fine-gtained stratified drift aquifer is mapped on the western and southwestern portions 
of the site. Mapped thickness of stratified drift ranges from ten feet along the banks of the 
Thames River to a maximum depth of 80 feet at the former location of Crystal Lake in the 
southwestern portion of the site. Average estimated permeabilities of wells in stratified drift in 
the area range from 250 to 1400 gallons per day per square foot (gpd/ft?). Well yields in the 
area range from 40 to 200 gallons per minute @pm). 

S- 
The bedrock in the site area consists of fractured metamorphic rock covered by glacial 

material that is thick in the lowlands and thinner in the uplands. In bedrock aquifers, ground 
water movement is along joint planes rather than through intergranular openings. Well records 
indicate that bedrock wells in the site vicinity yield from between one and 65 gpm. Potential 
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- well yields in bedrock wells are dependent on degree of fracturing, topography, and type and 
thickness of overburden. In general, the greatest well yields occur in valleys where bedrock is 
highly fractured and is overlain by over 50 feet of stratified drift. 

Till covers bedrock at locations previously discussed in this section. Till generally has 
low permeability and low water yield. 

3.7 Site Smxific Geolog and Hydrogeologv 

The specific geology and hydrogeology data is provided for Step I sites where subsurface 
investigations were conducted (Torpedo Shop, Goss Cove Landfill, Spent Acid and Disposal 
Area, and Former Gasoline Station), and for all Step II sites. Information discussed includes 
soils classification, subsurface geology, bedrock information where available, and ground water 
hydrology (sites with monitoring wells). Test boring logs, monitoring well details, and aquifer 
property data is provided in Appendix B. 

3.7.1 Tornedo Shons 

,-A 

The subsurface at the Torpedo Shops was characterized with nine soil borings. Eight of 
the soil borings were located in the western portion of the site and the remaining one was located 
on the east side of the site. The borings were extended to auger refusal or a maximum depth 
of 20 feet. Figure 3-6 shows the geologic cross-section location as well as test boring and 
monitoring well locations. Figure 3-7 is the geologic cross-section showing subsurface 
conditions encountered during the boring program. 

The 1967 USGS Bedrock Geology Map (Figure 3-2) shows that the Torpedo Shops are 
located at a contact between the biotite-quartz-feldspar gneiss of the Mamacoke Formation and 
gneissic biotite-granite of the Sterling Plutonic Group. Figure 3-2 shows the contact between 
the two in the northern portion of the site. This contact was not observed in the field, nor was 
any bedrock coring performed to determine the nature of the bedrock at specific boring 
locations. 

Steep bedrock outcrops are located on the north ‘and east borders of the site. Bedrock 
was encountered during the installation of 7MWl at a depth of two feet below grade. The depth 
to bedrock was not confiied at any other location at the Torpedo Shops. 

Atlantic personnel measured the orientation of joints in the bedrock outcrops onsite and 
observed that the major joint set strikes east-southeast to west-northwest. Vertical fractures were 
also observed striking north-south. These measurements are shown on Figure 3-6. 

The 1983 SCS Soils Map (Figure 3-l) shows Udorthents-Urban Land at the Torpedo 
Shops. This description is consistent with the history of quarrying and filling at the Torpedo 
Shops. The 1960 USGS Surficial Geology Map (Figure 3-4) shows nonstratified drift varying 
from sandy, gravelly till to a more compact till containing more silt and clay sized particles. 
Information obtained from Figure 3-4 is generally consistent with information obtained during 
soil sampling at the site, although it is likely that borings drilled through former septic systems 
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record the lithology of fill material rather than native material. 

The following subsurface soil descriptions were recorded during the installation of test 
borings and monitoring wells. In the southwestern portion of the site, the top six feet of soil 
consists of fine-grained sand, silt and gravel which is underlain by boulders. The boulders 
extend down to approximately ten feet below the surface. Below the boulders, the subsurface 
material consists of sand and silt with a trace of clay from ten feet to 20 feet. 

.- 

- 

The northwestern portion of the site (in the vicinity of 7MW2, 7TBl and 7TB2) consists 
of fine-grained sand and silt with a trace of clay. The easternmost boring, 7TB1, contained 
medium- to coarse-grained sand and gravel from six feet to twelve feet. In the northwestern 
area, auger refusal occurred at depths of 12.7, 7.3 and 11.5 feet at 7TB1, 7TB2 AND 7MW2, 
respectively. Although no coring was performed at these locations, it is likely that bedrock is 
at or near these depths based on observation of nearby bedrock outcrops. 

Two overburden ground water monitoring wells and one bedrock monitoring well were 
installed at this site. Ground water elevations in overburden wells were approximately three feet 
below grade in the northwestern portion of the site and six feet below grade in the southwestern 
portion of the site. Based on the limited amount of information available from the two 
overburden wells, the ground water flow direction appears to be toward the south/southwest. 
Ground water flow direction in the bedrock aquifer is presented in Section 3.7.5 with the 
discussion of Area A bedrock monitoring wells. 

Slug displacement tests were performed in overburden well 7MW2 and bedrock well 
7MWl in the Torpedo Shops area. Well 7MW2 is screened ten feet in fine-grained sand and 
silt in the northwestern part of the site. The hydraulic conductivity of the fine-grained sand and 
silt was calculated to be 10.7 feet per day (feet/day) from slug test data. The ground water 
velocity was not calculated for this site due to limited information on the ground water table 
gradient. 

Bedrock well 7MWl is located in the eastern part of the site and has an 11 foot open 
interval in the bedrock. The transmissivity of the bedrock was calculated to be 7000 square feet 
per day, assuming a porous aquifer thickness of 150 feet. This is an average depth of typical 
bedrock residential wells. The transmissivity of the fracture(s)/joint(s) intersected by this well 
probably is greater than the calculated transmissivity. 

3.7.2 Goss Cove Landfill 

The subsurface at Goss Cove Landfill was characterized with seven test borings, four of 
which were finished as monitoring wells. The borings were drilled under or adjacent to the 
Nautilus Museum parking lot and were extended to auger refusal or a maximum depth of. 20 
feet. Geologic cross-sections were constructed from soil boring data. Cross-section locations 
are shown on Figure 3-8, and cross-sections are shown as Figures 3-9, and 3-10. 

The 1967 USGS Bedrock Geology Map (Figure 3-2) shows the Goss Cove Landfii site 
as an open cove flanked on the west by the artificial fill of the railroad bed. Figure 3-l shows 
that the southwestern portion of the site is underlain by a gneissic biotite granite known as the 
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Granite Gneiss Member of the Sterling Pluto& Group. The bedrock in the northeastern comer 
of the site, which includes the bedrock outcrops present onsite, consists of a biotite-quartz- 
feldspar-gneiss that is a member of the Mamacoke Formation. 

Bedrock was encountered in two borings (8TB2 and 8TB3) located on the east portion 
of the site at the foot of a bedrock cliff. In both borings, auger refusal occurred at 
approximately 12 feet below the surface. Because the borings are located at the base of a 
bedrock outcrop, bedrock is assumed to be at this elevation. Bedrock was not cored to confirm 
these observations. In addition to this information, depth to bedrock information is also 
available from borings drilled for the construction of the Nautilus Museum. Information from 
these previous borings also indicates that depth to bedrock is between 25 and 100 feet below 
grade at the site and increases from east to west. 

The 1983 SCS Soils Map (Figure 3-l) shows the Goss Cove Iandfii site as rock outcrop 
covered by Hollis soil and urban land. This description is consistent with observed conditions 
at the site. The 1960 USGS Surficial Geology Map (Figure 3-4) shows artificial fill at the Goss 
Cove Landfill site. This information is consistent with observed conditions. 

Subsurface conditions encountered during soil sampling and monitoring well installation 
are described as follows. The western portion of the site is underlain by ten to 20 feet of 
miscellaneous fill material. Fill material is generally comprised of fine- to coarse-grained sand 
and gravel with ash, metal fragments, glass, brick and other refuse. Below the fill material is 
a layer of native material consisting of fine-gmined sand and silt with traces of clay, shell 
fragments, and organic matter. The thickness of this layer could not be determined from borings 
installed for this investigation. However, previous borings installed for the construction of the 
Nautilus Museum indicate that this layer is between ten and 15 feet thick and is underlain by a 
layer of fine sand that extends to bedrock. 

Four overburden monitoring wells were installed at the Goss Cove Landfill. Ground 
water elevation is between six and eight feet below the surface. Ground water elevation 
measurements from these wells, collected at low tide, indicate that ground water flow direction 
is north - northwest. A survey of the effect of the tidal cycle on ground water elevations was 
performed for this investigation at the Lower Subase (see Section 3.7.7). Data from this survey 
indicates that tidal fluctuation will affect the ground water flow and direction at this site. 
Figure 3-11 shows a ground water elevation contour map of the Goss Cove Landfill at low tide. 
It is unclear why ground water flow is toward the northwest, rather than directly to the west 
toward the Thames River. It may be related to the railroad embankment which likely extends 
to the base of the former cove, and which may be constructed of a less permeable material than 
the fill material in the cove. 

Slug displacement tests were performed in the four overburden wells installed in the Goss 
Cove Landffl. These wells are screened predominantly in fill material comprised of fine- to 
coarse-grained sand and gravel with ash, metal fragments, glass, brick and other refuse. Review 
of the slug test data indicates that the slug displacement test was an ineffective method for 
determining the hydraulic conductivity of the fill material due to its high permeability. The 
hydraulic conductivity of this material was estimated to be 280 feet per day based on published 
values for clean sand and gravel from Freeze and Cherry (1979). The ground water flow 
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velocity through the fill material was estimated to be 1.4 feet per day, assuming a hydraulic 
conductivity of 280 feet per day, a porosity of 0.40 (Freeze and Cherry, 1979), and a hydraulic 
gradient of 0.002, based on Figure 3-l 1. The fill material was determined to have a maximum 
thickness of 20 feet. The thickness of unconsolidated sediments in the Goss Cove Landfill is 
between 25 and 100 feet. For purposes of estimating the volume of ground water discharging 
to the Thames River from the Goss Cove Landfill, the thickness of sediments is assumed to be 
50 feet. Based on the calculated flow velocity, the length of the area perpendicular to the flow 
path, and an estimated thickness of 50 feet, the volume of water discharging to the Thames 
River is estimated to be 20,400 cubic feet per day (152,600 gpd) . The majority of this discharge 
probably is derived from the fill material which is assumed to be more permeable than the 
underlying fine-grained sand and silt. 

3.7.3 Spent Acid Storage and DisDosal Area 

The subsurface at the Spent Acid Storage and Disposal area was characterized with three 
soil borings. The borings were located within an area approximately 150 square feet and 
extended to a depth of 20 feet below the surface. A geologic cross-section was constructed from 
boring data. Sample and cross-section locations are shown on Figure 3-12. A geologic cross- 
section is provided as Figure 3-13. 

The 1967 USGS Bedrock Geology Map (Figure 3-2) shows that the site is underlain by 
a biotite-quartz-feldspar gneiss of the Mamacoke Formation. Bedrock was not encountered 
during the subsurface investigation. 

The 1983 SCS Soils Map (Figure 3-l) depicts the Spent Acid Storage and Disposal site 
as urban land. This classification is consistent with observed conditions at the site. 

The 1960 USGS Surficial Geology Map (Figure 3-4) shows that this site is located in 
terrace deposits of the Thames River, which consist of stratified silt, sand and gravel that was 
deposited by glacial meltwater. Subsurface soil conditions observed during soil sampling are 
consistent with this description. 

Subsurface material at this site consists of fine- to medium-grained sands and silt with 
traces of clay. Where clay is present, it usually occurs in discreet, silty lenses of less than a 
half-inch in thickness. Rust colored staining and mottling were common in borings 15TBl and 
15TB3 located on the east and south side of the spent acid tank, respectively. 

No ground water monitoring was performed at this site. Ground water was encountered 
at six to eight feet below the surface during the drilling of test borings. Ground water flow is 
projected to be generally to the west/southwest. 

3.7.4 Former Gasoline Station 

Five subsurface soil borings were drilled at the Former Gasoline Station to characterize 
subsurface conditions. The borings were extended 20 feet below grade. Neither bedrock nor 
ground water was encountered in any of the borings. A geologic cross-section of subsurface 
material was constructed from boring data. The cross-section location is shown on Figure 3-14. 

PEASE I RI NSB-NLON 3-22 AUGUST 1992 



NOTE 

. ..a PAVEMENT 

SPENT ACID STORAGE 
AND DISPOSAL AREA 

1. U~uultlliey kmtbru am q3puadm~. 
2. Bmm mq md utlllty IntOnnh from mq d NSE-NLON 

~by-tirghvho-. DUJ 1980. EwaUwm 
nm bad on NSENLON daLun wtdch 1s 1.41 feat Wow NGVD. 

// 

INSTALIATION RESTORATION STUDY 

NAVAL SUBMARINE BASE - NEW LONDON 

GROTON, CT 

LEGEND 

I FIGURE S-1 2 
@gB-Expo#d- 

e31 - Catch &sin 
0 - Mallhok 

0 lBl-TestBoring 
A SSl -SufaceSoil 

timph 

*a* 96.-*- ExlsUng Grab 

I 

GEOLOGIC CRDS%XXTlON LOCATION 
m - hiwh SPENT ACID STORAQE 

AND DISPOSAL AM% 
AppmhmM Scala 

0204a ATLANTIC ENVIRONMENTAL SOVlCES. INC. 

PHASE I RI NSB-NLON 3-23 AUGUST 1992 



. . 
7 

::::::.:.:. 
6’ 

::.:::::.: 

?’ 
::~:~:::~ 
. . ‘.‘.._’ 

y 
pi:: 

('14) liO
IlV

A
313 

P
H

A
S

E
 I R

I N
S

B
-N

LO
N

 
3-24 

A
U

G
U

S
T 

1992 



/ -- 
--- 

GMWNG AVENUE 

PAVED 
PARKING 

31.3 
----_ -- 

: ----__ 
- =mK BOUlN~ X . 

NOTE: 
1. ud~~round utility l0mtbna M qwmxhmta. 
2. BSSO msp and uti~tty infonnatlm from maps of NSENLON # by 

L&m ~ghd~ Assodstw, Do0 1980. EWsdOm am bard On 

NSBNLON d&m which is 1.41 fwt bdow NQVD. 

LEGEND 

INSTALLATION RESTORA~DN mDV -.*06 -0. -Existing Qrds m - Suildlng FIGURE 3-14 

NAVAL SUBMARINE BASE - NEW LONDON 
---- -maw 

- Caeh Buin 

: -Mmhdo 

7Bx.2 - ~pot~rada 
GEOLOQIC CROSS-SECTION LOCATION 

FORMER GASOLINE STATION 

GROTON, CT Appmdmsts s.%k 
I ’ 

OTB1 -TmtBotina - u All.ANl’lC ENVIRONMENTAL SERVICES. IN( 0 20 

PHASE I RI NSB-NLON 3-25 AUGUST 1992 



- Cross-section A-A’ is provided as Figure 3-15. 

The 1967 USGS Bedrock Geology Map (Figure 3-2) shows that the site is underlain by 
a biotite-quartz-feldspar gneiss of the Mamacoke Formation. Bedrock was not encountered 
during the subsurface investigation. 

The 1983 SCS Soils Map (Figure 3-l) depicts the Former Gasoline Station as urban land. 
This classification is consistent with observed site conditions. 

The USGS Surficial Geology Map (Figure 3-4) shows that the site is located in terrace 
deposits of the Thames River. 

Subsurface material encountered during soil sampling consists of fine- to medium-grained 
sand with some gravel. The sands are generally loosely compacted in the first five feet and 
more dense below. 

No ground water monitoring was performed at this site, however, based on topography, 
ground water likely flows west to the Thames River. 

3.7.5 Area A and OBDA 

The Area A Landfiu, Wetland and Downstream and the Over Bank Disposal Area were 
characterized with a total of 49 soil borings which included 20 test borings, 12 overburden 
monitoring wells and 17 bedrock monitoring wells. Test borings were generally extended to 
auger refusal (except those in the landfill which were installed for field soil screening only, 
2LTBl-2LTB7). Borings for overburden monitoring wells were extended to bedrock or auger 
refusal, and borings for bedrock monitoring wells were extended through the overburden and 
into bedrock until sufficient water was encountered. Soils were not sampled in the latter, but 
information on the elevation of the bedrock surface was obtained from them. Several 
generalized geologic cross-sections were prepared from boring data; Plate 3-l depicts the 
locations of cross-sections referred to in the text, as well as locations of all monitoring wells and 
test borings. 

The 1967 USGS Bedrock Geology Map (Figure 3-2) indicates that the bedrock underlying 
the majority of Area A is biotite-quartz-feldspar gneiss of the Mamacoke Formation. Figure 3-2 
shows that all of the Area A Landfill and the Overbank Disposal Area, the southern portion of 
the Area A Wetland, and the northern and eastern portions of the Area A Downstream 
Watercourses is underlain by bedrock of the Mamacoke Formation. The northernmost portion 
of the wetland is underlain by a gneissic biotite granite that is mapped as the Granite Gneiss 
Member of the Sterling Plutonic Group. The southwestern portion of the Area A Downstream 
Watercourses is mapped as an equigranular gneissic granite known as the Alaskite Gneiss 
Member of the Sterling Plutonic Group. 

;n--- 
Bedrock cores were drilled and collected at four monitoring well locations in Area A 

shown on Figure 3-16. Bedrock was cored until the rock quality designation (RQD) was greater 
than 75 percent or a minimum of 20 feet. In all cores, an RQD of 75 percent or greater was 
reached within 25 feet of the bedrock surface. 
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The bedrock at all four coring locations is mapped as the Mamacoke Formation. The 
mineralogy and texture of the bedrock cores is generally consistent with that of the biotite- 
quartz-feldspar gneiss of the Mamacoke Formation. 

In addition to logging the mineralogy and texture of bedrock cores, Atlantic personnel 
noted such features as the degree of fracturing, weathering on fracture surfaces, and whether the 
fractures were dominantly horizontal or vertical. This information was used to determine 
hydrogeologic characteristics of the bedrock aquifer. In general, fracture orientations in the 
bedrock cores parallel compositional banding in the gneiss. Biotite-rich bands with parallel 
alignment of micas tend to be both highly fractured and highly weathered; the fractures are 
parallel to banding and are oriented 45-60” from horizontal. More massive, quartz- and 
feldspar-rich bands tend to be less fractured, and fractures are generally horizontal. 

In the bedrock cores logged for this investigation, orientation of fractures ranges from 
predominantly horizontal (2WMW2D), to 45” from horizontal (2DMWl5D), to combinations 
and gradations of the two. The core from 2LMW7D shows primarily horizontal fractures with 
little weathering, but includes a two foot thick zone of highly weathered, fractured biotite-rich 
rock with fractures that are inclined approximately 60” from the horizontal. The core from 
2LMW13D graded from horizontal, somewhat weathered fractures in the first ten feet to highly 
weathered fractures oriented 45” from horizontal in the last ten feet. 

Subsurface bedrock elevation data was obtained for seventeen points in Area A. From 
this data it appears that the bedrock surface is at its highest elevation at the northeast comer of 
Area A in the vicinity of well 2WMWlD. The lowest bedrock elevations were measured at 
2WMW3D (near the tennis courts) and 2DMW16D (near North Lake). The bedrock surface 
elevation is greater in the Area A landfii than in the surrounding Wetland or Downstream. 
Between the landfii and the northeast comer of the wetland is a bedrock valley. This valley 
dips to the southeast (toward 2WMW3D) on the south side of the dike and dips to the northwest 
(toward 2DMW16D) on the north side of the dike. 

To better predict ground water flow in the bedrock aquifer, Atlantic personnel examined 
bedrock outcrops in the northern portion of NSB-NLON and measured the orientations of 
prominent joints and fractures. Figure 3-16 shows the orientation of joint sets. The most 
prominent joints are those that strike east-southeast to west-northwest and dip to the north. 
Vertical fractures that were measured strike generally north-south. Most of the measurements 
were taken from bedrock outcrops that are mapped as Mamacoke Formation. 

Area A Wetland: The 1983 SCS Soils Map (Figure 3-l) depicts the Area A Wetland 
as Udorthents-Urban Land. This classification is consistent with conditions observed during the 
field investigation. 

The 1960 USGS Surficial Geology Map (Figure 3-4) shows the Area A Wetland as a 
swamp overlying non-stratified drift (till) and alluvium (western portion of the present wetland). 
This classification generally agrees with observed conditions onsite and historical information 
about the site, however, the presence of alluvium and nonstratified drift below the artificial ffi 
in the wetland was not completely documented as part of the soils investigation. The omission 
of artificial fill in the wetland portion of the map is likely a result of the fact that the area was 
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mapped prior to or during the time the dredge and fill operation was in progress. 

Soil sampling indicates that the surface of the Area A Wetland is covered with a two-foot 
layer of roots and plant fragments derived from phragmites plants that grow in the wetland. The 
Area A Wetland is underlain by dredge spoil which consists of silt and clay with traces of fine 
sand and shell fragments. The lateral extent of dredge spoil includes the present wetland and 
extends south to 2WMW3 (near the tennis courts), and southwest beneath the Area A Landfill, 
as observed in subsurface soils collected at locations 2LMW18, 17, 8, 7, and 9. Dredge spoil 
is between 25 and 35 feet thick on the south side of the wetland adjacent to the landfill and ten 
to 15 feet thick on the northeast side of the wetland. Where dredge spoil does not lie directly 
on bedrock it is underlain by a thin remnant of topsoil consisting of dark, organic-rich silt and 
clay with traces of fine sand and roots. Topsoil is underlain by sands and gravel. Geologic 
cross-section A-A’ (Figure 3-17) extends from north to south across the length of the wetland. 
Geologic cross-section B-B’ (Figure 3-18) shows subsurface conditions from the northwest 
portion of the Area A Landfill to the east side of the wetland. 

Area A Landfill: The 1983 SCS Soils Map (Figure 3-l) shows the majority of the Area 
A Landfill as Udorthents-Urban Land. The southwestern slope of the Landfill (which also 
includes the CBU Drum Storage Area and the Rubble Fill at Bunker A-86) is classified as 
Hollis-Charlton Rock, 15-45 % slopes. Both classifications are generally consistent with the soils 
and topography observed at the Area A Landfill. 

The 1960 USGS Surficial Geology Map (Figure 3-4) shows nonstratified drift in the Area 
A Landfiu. This classification is consistent with soils observed below fill material and dredge 
spoil in the eastern portion of the landfill and soils at the surface in the western portion of the 
landffl, the CBU Drum Storage Area and the Rubble Fill at Bunker A-86. 

The Area A Landfill is underlain by 10 to 20 feet of miscellaneous fill material which 
is comprised of fine- to coarse-grained sand and gravel and refuse including ash, wood 
fragments, paper, brick fragments, and asphalt. The fill is generally underlain by ten to 20 feet 
of dredge spoil. On the southwestern side, fill material is underlain by compact sand, silt and 
gravel which extends down to bedrock. Geologic cross-section C-C’ (Figure 3-19) shows the 
subsurface conditions along the east - west axis of the landfill. 

Downstream Water Courses/OBDA: The 1983 SCS Soils Map (Figure 3-l) shows the 
Area A Downstream Watercourses as Udoxthents-Urban Land to the north and west of North 
Lake. The portion of the Downstream Watercourses between the earthen dike and North Lake 
is depicted as Charlton-Hollis, 3-15 % slopes. Both classifications are consistent with observed 
soil conditions, topography and development in this area. The Over Bank Disposal Area is also 
shown as Hollis-Charlton Rock, 15-45 % slopes. This classification is consistent with observed 
site soil conditions and topography. 

The 1960 USGS Surficial Geology Map (Figure 3-4) shows alluvium along the 
downstream watercourses from (and including) the Over Bank Disposal Area to North Lake. 
Figure 3-4 shows artificial fill in the Area A Downstream at the present location of Triton Road, 
and Thames River terrace deposits from North Lake west to the Thames River. All 
classifications are generally consistent with observed soil conditions in the specified areas. 
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The Area A Downstream and Over Bank Disposal Area (OBDA) are physically separated 
from the Area A Wetland by an earthen dike and from the Area A Landfill by a steep slope. 
Cross-section C-C’ (Figure 3-19) shows the relative elevations of the Landfill, Downstream and 
OBDA. The subsurface is also distinct in that no evidence of fill material was observed in the 
Downstream or OBDA. Unconsolidated material at the bottom of the slope (2DhIWll) consists 
of fine-grained sand and silt with rust-colored mottling. Similar soils were observed at 
2DMWlO and in borings at the Torpedo Shops to the north, as illustrated in geologic fence 
diagram D-D’ (Figure 3-20). The sediments at 3MW12 consist of yellow and brown, mottled, 
fine-grained sand, silt and clay overlying fine- to medium-grained sand and gravel. Based on 
the sediments found in this area and the mapped surficial deposits in the vicinity, it is likely that 
these are alluvial deposits from either the present stream system or one that was in place before 
the earthen dike was constructed. 

Twelve overburden monitoring wells and 17 bedrock monitoring wells were installed in 
the Area A Landfii, Wetland, and Downstream and the Over Bank Disposal Area. A ground 
water elevation contour map for the overburden aquifer at Area A is shown as Plate 3-2. As 
this map shows, the highest ground water elevation was measured in the middle of the Area A 
Landfill at 2LMW8S. It appears that ground water in the central/eastern portion of Area A 
flows north toward the Area A Wetland and ground water in the northwestern portion of the 
Area A Landfill flows northwest toward the Area A Downstream and eventually to the Thames 
River. 

Slug displacement test data from six overburden wells were analyzed in order to estimate 
the in situ hydraulic conductivity of the overburden materials throughout Area A. The majority 
of the wells were screened ten feet into various depths of fill material and dredge spoil (see 
boring logs for wells 2WMW3S, 2LMW7S, 2LMW8S, AND 3MW12S). Well 2WMW5S is 
screened only in the dredge spoil. Well 2DMWl6S is screened four feet in coarse sand and 
gravel, two feet in very fine sand and silt, and four feet in medium sand and gravel. The 
geometric mean hydraulic conductivity of the fti material and the dredge spoil combined was 
calculated to be 3.2 feet/day. The hydraulic conductivity of the dredge spoil was calculated to 
be 1.0 feet/day. The hydraulic conductivity of the material surrounding well 2DMW16S 
(Downstream Area) was calculated to be 6.8 feet/day. 

The velocity of ground water flow through sediments in the landfill and wetland portions 
of Area A was estimated to be 0.04 feet/day, using a hydraulic conductivity of 3.2 feet/day, a 
porosity of 0.30 (Freeze and Cherry, 1979) and a hydraulic gradient of approximately 0.004 
from Plate 3-2. The ground water flow velocity through the soils in the Area A downstream, 
using a hydraulic conductivity of 6.8 feet/day, 0.30 for the porosity, and 0.01 for the hydraulic 
gradient (from Plate 3-2), was calculated to be 0.02 feet/day. 

To characterize the bedrock aquifer in the study area, 17 monitoring wells were installed 
in Area A, one well was installed at the Torpedo Shops and one was installed upgradient at the 
DRMO. To further characterize ground water flow in the bedrock aquifer at the boundaries of 
the site, ground water elevations were measured in five offsite wells located to the north, cast 
and southeast of Area A. The procedure for calculating water level elevations in offsite wells 
is as follows: the ground surface elevation estimate for each offsite well was obtained from 
either Town of Ledyard topographic maps (contour interval, ten feet) or NSB-NLON maps 
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.-- -. (contour interval, two feet). When the former were used, elevations were corrected to NSB- 
NLON datum. Using an electronic water level indicator, Atlantic personnel measured depth to 
water from the top of the well casing. When possible, the wells were pumped for twenty 
minutes and the water levels measured again. The lowest water table elevations were used when 
comparing water levels offsite to those onsite and when constructing ground water elevation 
contour maps. The lowest water table elevation was used because it represents a worst case 
condition with respect to ground water gradient between on-base wells and off-base wells 
(e.g., does well drawdown create a condition where on-base ground water contamination 
could migrate to offsite wells). Well data and elevation estimates are listed in Table 3-l. The 
accuracy of well water elevations derived from Town of Ledyard maps is estimated to be f5 
feet. The accuracy of elevation from NSB-NLON maps is estimated to be + 1 foot. 

TABLE 3-1 
SUMMARY OF OFFSITE RESIDENTIAL WELL ELEVATION DATA 

Well Ground Elevation Approximate Water 
Number Address (Source) Elevation (feet) 

OSW-8” 1292 Route 12 82 (NSB-NLON) 74.8* 

08W- 12 1444 Route 12 138 (Ledyard) 123.4 

I 
I I 

OSW-24 1298 N. Pleasant Valley Road 171 (Ledyard) 161.5 

osw-28 1469 Route 12 119.6 (NSB-NLON) 

osw-29* 1323 Route 12 115 (NSB-NLON) 

* Indicates static water level, no pumping conducted. 

98.7 

so.1* 

Onsite and offsite data was compiled to make a potentiometric map for the bedrock 
aquifer which is presented as Plate 3-3. 

Of importance to this investigation is the direction of bedrock ground water flow in this 
area, due to the detection of cadmium in several offsite residential wells to the east of Route 12. 
Inspection of the bedrock ground water contour map indicates that the residential wells along 
Route 12, Baldwin Hill Road and North Pleasant Valley Road are upgradient of Area A, and 
would not be affected by conditions at the site. Most of these wells had bedrock ground water 
elevations substantially higher than wells containing cadmium in Area A (2WMW3D, elevation 
76 feet). However, residential wells near the NSB-NLON east gate, southeast of Area A, had 
bedrock water elevations (75-80’) in the same range as 2WMW3D, the closest bedrock well in 
Area A. Therefore, based on the available data, it is indeterminate if these wells are upgradient 
or downgradient of the western portion of the Area A Landfill. This issue is further discussed 
in Section 4.0 and Section 8.0. 

Vertical hydraulic head differences were assessed at paired wells within the Area A 
Landfill. The data generated indicates that there is an upward flow component, which is 
expected due to the landfill’s location adjacent to the wetland. The exception is at 2LMW9S&D, 
where there is a strong downward gradient. This apparently is due to the proximity of these 
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wells to the dike, where there is a steep drop in topographic and ground water elevation. The 
vertical head difference at the two paired well locations within the downstream area is not 
significant. At 3MW12S&D, a f 1 foot vertical head difference with an upward gradient was 
recorded, while at 2DMW16S&D (near North Lake), no significant vertical head difference was 
recorded. 

Also of concern regarding this investigation is whether or not ground water 
discharges into North Lake. The ground water elevation in well 2OMWl6S is higher than 
the elevation of North Lake, indicating that ground water from the overburden aquifer can 
be expected to be discharging into North Lake. At times when the lake is lowered the 
chances are even greater that ground water discharges into it. As discussed above, there 
is no significant head difference between wells 2OM16S & D (paired wells in the overburden 
and bedrock, respectively), suggesting that bedrock ground water does not discharge into 
North Lake. Section 8.0 includes a recommendation for ground water elevation monitoring 
to further evaluate the ground water flow regime at North Lake. 

Slug displacement tests were conducted in bedrock wells 2WMWlD, 2WMW2D, 
2WMW3D, and 2WMW6 in the Area A Wetland. The calculated transmissivities using slug 
displacement test data from the aforementioned wells are 245 ft*/day, 1195 ft*/cIay, 4.6 ft*/day, 
and 16 ft2/day, respectively, assuming a porous aquifer thickness of 150 feet. Slug displacement 
tests were conducted in bedrock wells 2LMW7D and 2LMW18D in the Area A Landfill. The 
open bedrock interval in well 7D is eight feet, and in well 18D it is ten feet. The calculated 
transmissivity from well 7D slug test data is 69 ft*/day, and from well 18D it is 216 ft2/day, 
assuming a porous aquifer thickness of 150 feet. Two bedrock wells, 2DMWlOD and 
2DMW16D, were slug tested in Area A Downstream. The open interval in well 10D extends 
16 feet into bedrock. The bedrock transmissivity was calculated to be 20 ft2/day, using data 
collected from well 10D. The open bedrock interval in well 16D is 47 feet. The calculated 
transmissivity, using data from well 16D, is 4 ft*/day. The transmissive properties of the 
discrete fracture(s)/joint(s) intersected by these wells probably are greater than the calculated 
values. The wide range of transmissivity values generated from the test data indicate the high 
variability of transmissive properties within the fractured bedrock below the site. 

3.7.6 DRMO 

The subsurface at the DRMO area was characterized during the installation of 13 
subsurface soil borings, six of which were completed as ground water monitoring wells. In 
general, the borings were extended to auger refusal or a maximum depth of 20 feet below the 
surface. 

Generalized geologic cross-sections were prepared from boring information. Sampling 
locations and geologic cross-sections locations are shown on Figure 3-21. Geologic cross- 
sections are provided as Figures 3-22 and 3-23. 

The 1967 USGS Bedrock Geologic Map (Figure 3-2) shows the DRMO site as artificial 
fill underlain by a biotite-quartz-feldspar gneiss of the Mamacoke Formation. The northernmost 
portion of the DRMO is mapped as a gneissic biotite granite known as the Granite Gneiss 
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Member of the Sterling Plutonic Group. An outcrop of the Westerly granite is also mapped on 
the east side of the DRMO site. Field observations of fill material and bedrock outcrops are 
generally consistent with mapped classifications, although the Westerly Granite was not 
positively identified in the field. Bedrock was encountered northeast of the DRMO site 
(6MW5D) at a depth of 25 feet below grade. Twenty feet of bedrock was cored at this location. 
The mineralogy and texture of the core sample is consistent with that described as the Granite 
Gneiss Member of the Sterling Plutonic Group. Weathered and partially covered bedrock 
outcrops were present on the east side of the DRMO site adjacent to the railroad tracks. In 
addition, a prominent bedrock cliff is located to the east of both the DRMO site and railroad 
tracks. 

.- - 
-4 

The 1983 SCS Soils Map (Figure 3-l) depicts the DRMO site as Udorthents-Urban land 
on the portion of the site that is adjacent to the Thames River and Hinckley Sandy Loam on the 
northernmost portion of the site. The 1960 USGS Surficial Geology Map (Figure 3-4) shows 
artificial fill in the portion of the DRMO that is adjacent to the Thames River and terrace 
deposits of the Thames River in the northern portion of the DRMO. The classifications of 
Udorthents-Urban land and artificial fill are consistent with the past and present conditions on 
the southern portion of the DRMO site. Subsurface soil sampling data from the northern portion 
of the DRMO site is consistent with the description of Hinckley sandy loam provided by the SCS 
and discussed in Section 3.2. Soils observed at the northern portion of the DRMO site are 
consistent with a coarse fraction of the terrace deposits. Figure 3-4 also shows an active borrow 
pit in the northern portion of the DRMO. No evidence of current excavation activity was 
observed at this location during the field investigation, however, the wells were located in an 
abandoned road that may have been used as part of an excavation operation. 

DRMO is underlain by between 5 and 20 feet of miscellaneous fill material. In the 
northern portion of the site adjacent to Building 49 1, fill material is thickest, measuring up to 
15 feet thick (at 6MW4). The sand and gravel is underlain by sand and silt that contains shell 
fragments. 

In the southern portion of the site, ffl material overlies sand, silt and clay. Shell 
fragments were observed in all borings in the southern portion except 6MWl. Shell fragments 
in fine-grained soils likely represent the original river bed. Depth to fine-grained soils ranges 
from ten feet in the central portion of the site to 20 feet in the northern portion. 

Four overburden monitoring wells and one bedrock monitoring well were installed at 
DRMO. Ground water elevations in the overburden aquifer were approximately four to six feet 
below grade in the southern portion of DBMO and approximately 12 feet below grade in the 
north portion of DRMO. Water level measurements taken at the five overburden monitoring 
wells indicate that ground water flow is toward the west. Figure 3-24 is a ground water 
elevation contour map of the site. As with other sites adjacent to the Thames River, ground 
water flow at DRMO site is influenced by tidal fluctuation in the water level in the Thames 
River. 

Slug displacement tests were conducted in overburden wells 6MW4S and 6MW5S in 
DRMO. Single well pumping tests were conducted in overburden well 6MW2 and bedrock well 
6MW5D. Well 6MW4S is screened two feet in fill material and eight feet in underlying fine 
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to coarse sand and gravel. The slug test method was ineffective in determining the hydraulic 
conductivity of this combination of material due to its high permeability. Well 6MW5S is 
screened ten feet in fine to coarse sand and gravel with a trace of silt. The hydraulic 
conductivity of this material was calculated to be 7.2 feet per day. Overburden well 6MW2 is 
screened five feet in fine to coarse sand and gravel, four feet of silt and clay, and one foot of 
fine to coarse sand and silt. Well 6MW2 was pumped at a rate of 15 gallons per minute for 62 
minutes. The maximum drawdown caused by this pumping was 0.89 feet. Analyses for the 
pump test data (Cooper and Jacob Method, 1946) indicate that the hydraulic conductivity of 
these materials is 70 feet per day. Estimating the average hydraulic conductivity and the 
porosity of these sediments to be 50 feet per day and 0.35, respectively (Freeze and Cherry, 
1979), and using a hydraulic gradient of 0.005 from Figure 3-24, the calculated ground water 
low velocity would be 0.7 feet per day. The volume of water discharged from the overburden 
to the Thames River is estimated to be approximately 23,100 cubic feet per day (172,800 gpd), 
based on a flow velocity of 0.7 feet per day, a saturated thickness of 50 feet and a 660 foot 
length of area perpendicular to the flow path. It is noted that flow to the river is likely higher 
during low tide. 

Bedrock well 6MW5D (ten foot open bedrock interval) was pumped at a rate of 12.5 
gallons per minute for 60 minutes and experienced a maximum drawdown of 2.49 feet. Steady- 
state conditions were reached in the well within the first ten minutes of pumping. Data analyses 
indicate that the tmnsmissivity of the bedrock in the vicinity of this well is 1,670 square feet per 
day, assuming a porous aquifer thickness of 150 feet. 

3.7.7 Lower Subase 

A total of 22 soil borings were installed in the Lower Subase. Seventeen of these borings 
were extended ten feet below the water table and finished as monitoring wells. The remaining 
borings were drilled to 20 feet below the surface. 

Geologic cross-sections were prepared from boring data. Figure 3-25 shows monitoring 
well and test boring locations as well as the location of cross-sections referred to in the text. 

The 1967 USGS Bedrock Geology Map (Figure 3-2) shows that the Lower Subase is 
underlain by a biotite-quartz-feldspar gneiss of the Mamacoke Formation. No bedrock outcrops 
were observed in the Lower Subase site and no bedrock was encountered during the installation 
of monitoring wells and test borings. 

The 1983 SCS Soils Map (Figure 3-l) depicts the Lower Subase site as Urban Land. 
This classification is consistent with the present site development. 

The 1960 USGS Surficial Geology Map (Figure 3-4) depicts the surficial deposits at the 
Lower Subase as artificial fill. This classification is consistent with information obtained during 
the installation of test borings and monitoring wells. 

Data collected for this investigation indicates that the Lower Subase is underlain by a 
layer of sand and gravel which is ten to 20 feet thick on the west side of the Lower Subase and 
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- 
ten to 15 feet thick on the east side. Cross-sections A-A’ and B-B’(Figure 3-26) are north-south 
cross-sections along the east and west sides of the site that show the gravel layer thinning 
eastward. As shown on cross-sections A-A’, C-C’, and D-D’ (Figures 3-26 and 3-27), the sand 
and gravel layer is underlain by a layer of fine sand and silt with shell fragments. The sand and 
silt lens is thickest on the west side of the site and pinches out to the east. The maximum 
thickness of this lens is not known, as the bottom of this lens was not encountered in any of the 
borings on the west side of the site. On the east side of the site (cross-section B-B’), the sand 
and gravel layer is underlain by fine- to medium-grained sand. As previously discussed (Section 
3. l), the Lower Subase is largely constructed on fill material; the sand and gravel layer observed 
in the soil borings is likely a layer of artificial fill that is underlain by river-bottom sediments, 
consisting of fme sand and silt with shell fragments. 

Seventeen ground water monitoring wells screened in the overburden were installed in 
the Lower Subase. Seven additional wells installed during previous environmental investigations 
were also used for this investigation. Water levels at 16 Lower Subase wells and points on the 
river were monitored hourly during a 12 hour tidal cycle (April 18, 1991) to determine what 
effect the changing water level in the river has on ground water flow at the Lower Subase. 
Figures 3-28 and 3-29 present the ground water elevation contours at low tide and high tide, 
respectively. At low tide ground water flows west toward the Thames River. At high tide, 
ground water flows east from the river in the western portion of the site and flows west toward 
the river in the eastern portion of the site. Thus, a small portion of the overburden aquifer at 
the Lower Subase ebbs and flows with the tide. This tidal effect appears to diminish with 
distance from the river, and therefore, it is likely that the reversal of ground water flow direction 
at high tide does not extend farther than 300 feet inland from the river. 

Seven overburden wells were slug tested in the Lower Subase to evaluate in situ hydraulic 
conductivity of the overburden material. These wells were screened ten feet through various 
depths of medium- to coarse-grained sand and gravel and fine- to medium-grained sand with a 
trace of gravel. Review of the data indicates that the slug displacement test was ineffective in 
estimating the hydraulic conductivity of the material due to its high permeability. The hydraulic 
conductivity of the sediments is estimated to be 50 feet per day, based on published values 
(Freeze and Cherry, 1979). Based on a hydraulic conductivity of 50 feet per day, a porosity of 
0.35 (Freeze and Cherry, 1979), and an average hydraulic gradient of 0.009 (Figure 3-28), the 
ground water flow velocity was calculated to be 1.3 feet per day. Assuming a saturated 
thickness of 50 feet, a flow velocity of 1.3 feet per day, and using the measured length of cross- 
sectional area of flow perpendicular to the flow direction, it was estimated that 88,000 cubic feet 
of water per day (658,240 gpd) discharges from the unconsolidated soils in the Lower Subase 
to the Thames River. 

3.8 Climatologv 

Southeastern Connecticut has a variable climate that is defined by both continental and 
maritime air masses and modified by its proximity to the Atlantic Ocean. The region lies in 
the path of prevailing westerlies and cyclonic disturbances that cross the country from the west 
or southwest toward the east and northeast. The prevailing winds are southwesterly in the 
summer and northwesterly in the winter. The average wind speed is around ten miles per hour. 
The region is exposed to occasional storms that travel up the Atlantic coast. Storms in the 
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=- __ region are laden with moisture from the ocean; in addition, some storms are tropical and 
occasional storms are of hurricane intensity. 

According to data from New London, Connecticut, the average annual temperature is 
approximately 50°F. Average monthly temperatures vary from 58-72°F in July and August to 
23-30°F in January and February. 

Precipitation averages approximately 44 inches per year as measured at New London over 
an 81-year interval. Precipitation ranges from 32 to 65 inches per year. The greatest amount 
of precipitation occurs in the months of March and August and the least in June and September. 
Evaporation averages approximately 23 inches per year (NSB-NLON Master Plan, 1988). 

3.9 Demographv 

Several communities are located within one mile of NSB-NLON. According to the U.S. 
Bureau of the Census, three neighborhoods in the Town of Groton lie adjacent to or within NSB- 
NLON. The neighborhood boundaries are described below. 

North West - The community is located adjacent to NSB-NLON on the east side 
of Route 12 from the Groton - Ledyard town line to Walker Hill Road on the 
south. The neighborhood extends west to the Ledyard Reservoir. 

Pleasant Valley - The Pleasant Valley Neighborhood borders the south boundary 
of NSB-NLON. On the east it is bounded by Connecticut Route 12 and on the 
west by the Thames River. The southern boundary of Pleasant Valley is Grove 
Street and Walker Hill Road. 

Naval Submarine Base New London - NSB-NLON as described in Section 1.2.1 
is considered a neighborhood in Groton although portions of it are located in 
Ledyard. Population data reported for this neighborhood is as of April 1, 1980. 

The Gales Ferry section of Ledyard is also located adjacent to NSB-NLON to the north. 
Table 3-2 includes 1980 census information for the towns of Groton and Ledyard and shows the 
total population breakdown by age and sex. More recent data and population information for 
neighborhoods in the Town of Groton and for the Gales Ferry section of Ledyard are included 
where available. 
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Total Popula lion - 1980 

Total Population - 1990 

Total Households - 1980 

Median Ace - 1980 

NOTES 

TABLE 3 -2 
BREAKDOWN OF POPULATION IN THE VICINIY OF NSB-NLON 

fb P 

,, GROTQN 
Neighborhoods in the 

Town of Groton’ 0 ?SB-NLOI 
Pleasant 

I Vallev 
41062 5520 4374 
45144 NA NA 
NA 1391 1216 

19.9 
1 Male 1 Female 

Total 1 22413 ] 18589 

34-39 1 1266 1 1085 
40-44 / 789 1 804 
45-49 / 715 / 762 
50-54 I 814 / 845 
55-59 / 805 1 863 
60-64 j 631 1 667 

85+ / 87 [ 234 
Median Age 1 d 24.3 I 27.6 b * I 

Vicinity 

Naval 
Sub Base 

4099 
NA 
63 

LEDY 

Town of Ledyard’ 

13735 
14913 
--- 

27.4 
1 Male 1 Female 

Gales Ferry 

Section 3 of Ledyard 

7473 
*7802 
2282 
27.1 

‘ARD 

1) Source: U.S. Bureau of the Census, ” 1980 Census of Population, Volume 1, Characteristics of the Population”, U.S. Government Printing Office, 1982. 
2) Source: U.S. Bureau of the Census, ” 1980 Decennial Census Neighborhood Statistics Program, Groton, Connecticut”. 
3) Source: CACI, 1988 “The 1988 Sourcebook of Demographics and Buying Power for Every ZIP Code in the U.S.A.“. 
* Total Population - 1988 
NA - Not Available 



4.0 NATURE AND EXTENT OF CONTAMINATION 

4.1 Introduction 

This section presents an evaluation of the chemical analytical data on a site by site basis 
for all media sampled. The chemical concentrations are compared to Applicable or Relevant and 
Appropriate Requirements (ARARs) and “to be considered” (TBC) value,. These refer to cleanup 
standards and other substantive environmental protection criteria promulgated by law, and relevant 
guidance criteria. For metals in soils analyzed on a mass weight basis, soil concentrations are also 
compared to established background levels. Further discussion on state and federal laws and 
guidance is presented in Section 4.2. Background levels for metals are discussed in Section 4.3. 

It is noted that media samples which exceed the criteria, guidance, or background levels 
described above do not necessarily represent a human health or environmental risk. The health 
and environmental risk assessment, presented in Section 6.0, is an equally important aspect of the 
decision making process which is considered in making final conclusions and recommendations 
(Section 7.0) for each site. 

Several analytes tested for as part of the analytical program include compounds which are 
recognized as potential laboratory contaminants. These compounds include acetone, carbon 
disulfide, 2-butanone, and phthalates. Although data validation guidelines provide measures for 
minimizing the reporting of laboratory contaminants, some questionable results are not rejected 
based on data validation procedures. Therefore, low levels of these compounds may not be 
representative of the sample, but rather due to laboratory contamination. Data validation 
procedures are described in Section 2.11.3 and Appendix C. 

4.2 Amiicable or Relevant and Appropriate Reauirements 

CERCLA or Superfund cleanups pursuant to Section 121(d) of SARA must attain Federal 
and State ARARs (Applicable, Relevant and Appropriate Requirements). As defined further in 
the National Contingency Plan, applicable requirements mean those cleanup standards, standards 
of control, and other substantive environmental protection requirements, criteria, or limitations 
promulgated under Federal or State law that specifically address a hazardous substance, pollutant, 
contaminant, remedial action, location, requirement, or other circumstance at a CERCLA site. 

If a requirement is not applicable, it still may be relevant and appropriate. Relevant and 
appropriate requirements mean those cleanup standards that address problems or situations 
sufficiently similar to those encountered at the CERCLA site, that their use is well suited to the 
particular site. 

In addition to ARARs, other state or federal advisories, criteria, or guidance can be 
identified as “to be considered” for a particular release. The “to be considered” (TBC) category 
consists of any state or federal guidance that may be useful in evaluating site chemical 
concentrations or developing a remedy. The chemical specific values for TBCs are included as 
a screening criteria, Final decisions will consider these TBCs, howevc I? they will weigh more 
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heavily on ARARs and the health and environmental risk assessment. 

In accordance with EPA guidance (CERCLA Compliance with Other Laws Manual, 
USEPA, August 1989), ARARs are grouped into three categories; i.e., chemical specific, location 
specific, and action specific. Appendix D provides a listing of all potential Federal and State 
ARARs arranged by category. Appendix D also provides a detailed discussion regarding whether 
or not, or under what circumstances, the requirement would be applicable, or relevant and 
appropriate. In addition to explaining the rationale for determining when the requirement would 
be an ARAR, the discussion specifies when a requirement is “to be considered” (TBC). At the 
end of the summary of potential ARARs are other TBCs appropriate to NSB-NLON. 

. 

Table 4-l lists the status of potential ARARs and TBCs specific to each of the investigation 
sites. As is evident from an examination of Table 4-1, a particular requirement is not necessarily 
applicable to all sites. Some of the major differences between individual sites that determine the 
status of ARARs at NSB-NLON include: the existence of hazardous, solid, or PCB containing 
waste, the presence of underground storage tanks, and the environmental site setting, e.g., 
wetlands, floodplains, coastal zones, etc. 

These tables will be revised as studies at the site progress into the feasibility stages. The 
status of ARARs and TBCs, particularly action specific ARARs, will become clear during the 
detailed analysis of alternatives in the feasibility study. 

Table 4-2 provides a list of the most stringent chemical specific ARARs and TBCs by 
media. These values are used in this report section to screen sample media concentrations for each 
site. For example, if there were two standards for the same media, the lower number would be 
used. In the case of antimony, which has a water quality criteria for aquatic life in fresh water 
of 1600 ppb, and a criteria for fish consumption to protect human health of 45,000 ppb, the lower 
standard of 1600 is shown in Table 4-2. 

_ 

4.3 Inoreauics Background Concentrations 

Inorganic background concentrations were established to allow comparison of metal 
concentrations (mass weight basis) detected at each site to naturally-occurring background 
concentrations. These background concentrations do not fall in the ARAR or TBC category, 
because they are not federal or state law or guidance. However, this is an established procedure 
to evaluate inorganic concentrations at a site. Values above background are assumed to be related 
to site usage. 

Inorganic background concentrations were generally based on published U.S. Geological 
Survey data (Shacklette and Boemgen, 1984). The values presented in Table 4-3 are 
concentrations for the Eastern United States calculated for the upper 95 percent value limit (e.g., 
only 5 percent of recorded values exceeded this amount). Values for silver and cadmium, which 
were not reported by USGS, were established based on a review of other published data as 
referenced on Table 4-3. Actual background concentrations at NSB-NLON are less than these 
published values based on a review of samples 2WMW2S (O-2), 6MW5S (O-2), 6MW5S (S- 
lo), and 13MW6 (14-M). 
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TABLE 4-1A (continued) 
STATUS OF CHEMICAL SPECIFIC ARARs 

c 11 O-l’f=l ARAR 1-11 0-l ARAl’. 1 ARARII oTBCI ARAR 1 ARAIl/ oTBCl ARAR 1 ARAR// oTEIC~ ARAR 1 ARAR 
r.“_“_. I 

RCRA Hazardous Waste Standards 
RCRA Solid Waste Standards 
RCRA UST Standards 
Safe Drinking Water Act 
Water Quality Criteria 

rnlJnI(AL 
. 0 . . . 

l 0 . . . 
0 0 . . . 

/I.01 00 l 0 

l 0 I l Ol l 0 I 

Air Pollution Control 
Water Quality Standards 
Water Pollution 

NOTE See Appendix D for further definition of ARARs 

c ,,, 



TABLE 4- 1B 
STATUS OF LOCATION SPECIFIC ARARs 

CBLJ Drum Rubble Fill at Torpedo Goss Cove 
ARAR Storape Area Bunker A-86 SbOPS Laodfilt OBDANE 

OArart Paedial Nd l ARAR Pctcdial Nd *AFUR Pucaisl Nd l ARAR Pdcdial Net l ARAR Pdedial Nd 
OTEC ARAR ARAR OTBC AFCAFZ ARAR OTBC ARAR ARAR OTEK! ARAR ARAR oTBC ARAR ARAR 

FEDERAL. 
RCRA Location Standards . l l . l 

CWA Section 404, Riws and Harbors Act l l . . l 

Executive Orders 11990 and 11988 l . . l l 

RE: Protection of Wetlands & Floodplains 

Inland Wetlands and Watercourses l 

Tidal WetIan& l 

Sanitation of Watersheds . 
Agricultural Lands Preservation . 
Connecticut Siting Council . 
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TABLE 4- 1C (continued) 
STATUS OF ACTION SPECIFIC ARARs 

ARAR 

RCRA Hazardous Waste Standards 
RCRA UST Standard S/s 

Spent Acid Former Gas ,AreaA Lower 
Storage/Disposal Station and OBDA DRMO Subase 

*AoAR Pdcaial Na l ARAR Pdcdial Nd l ARAR Pacdial Nd l ARAR Pdcdial Nd l ARAR Pdedial Net 
Ol-Bc - ARAR oT6c ARAR ARAR OTBC ARAR ARAR OTB& ARAR ARAR OTBC ARAR ARAR 

FEDERAL 
l . . l l 

. . . l . 

RCRA Solid Waste Regulations 
Underground Injection Control 
DOT Hazardous Materials Transportaion 
DSHA Standards 
USEPA NPDES 
USEPA & Corporation of Engineers, Rules 
on Activities in Wetlands & Watercourses 

Clean Air Act NSPS i-1 I . I 
PCB Regulations Under TSCA alI I I l II0 I l I II 0 I l I II I 
National Environmental Policies Act l l l . l 

Air/Superfund National Technical Guidance 0 0 0 0 0 

RCRA RFI Guidallce 0 0 0 0 
STATE OF CONNECTICUT 

Water Pollution Control l l . . . 
Soilid Waste Management l . . . . 

Hazardous Waste Management 
Safe StoragelTransportation of Chemicals 
Connecticut Siting Council, HMM 
Facility Siting Regulations 

Regulations for the Well Drilling Industry . 
Air Pollution Control l 

Transportation of Oils SC Chemical Liquids l 

Underground Storage Tanks 

~~ 

l 

Connecticut OSHA l 

Control of Noise Regulations l 

Connecticut Water Diversion Policy Act l 

Guidelines for Soil Erosion and 0 

NOTE: See Appendix D for further definition of ARARs 
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TABLE 4-2 
SUMMARY OF CHEMICAL SPECIFIC ARARs AND TBCs BY MEDIA 

PARAMETER MEDIA SOURCE OF ARAR OR TBC* 
C 

U T C 
e Make PS D T 

Groood water Soil Surface Water Surface Water Air MMEWOWDH OTHER 
ppb ppbl ppb ppb J 3 CCPQHQEL OR 

ARAR I TBC ARAR 1 TBC ARAR I TBC ARAR 1 TEIC ARA; ?TBC L L A C S S P V COMMENTS 
IlVClRGANICS 
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TABLE 4-2 (continued) 
SUMMARY OF CHEMICAL SPECIFIC ARARs AND TBCs BY MEDIA 

PARAMETER MEDIA SOURCE OF ARAR OR TBC’ 
C 

U T C 
m Marine PS D T 

Ground Water &iJ Surfarr Water Surface Water &r MMEWOW 
ppb’ 

DH OTHER 
ppb mb ppb d 3 CCPQHQEL 

ARArd TBC 
OR 

ARAR 1 TBC ARAR TBC ARAR TBC AR:R mTBC L L A C S S P V COMMENTS 
3thylbenzene 700 l 

1400 0 

3280 3280 . Fish Consumption 

430 . Aquatic Acute 

8700 . 

dethykne Chloride 25 l Action Level 

Dichloromethane) 2s . 

5 . 

7000 . 

I-Methyl-2-Pentanone 

,1,2,2-Tetmchloroethane 0.17 l Water and Fish Consumption 
10.7 10.7 l Fish Consumption 

34.4 l 

retmchloroethene 5 . 

8.85 8.85 l l Fish Consumption 

1700 . 

Toluene 1000 l . CTDOHS Action Level 

1000 . 

5ooo l Aquatic Chronic 

17500 l Aquatic Acute 

7500 l 

l,l,l Trichloroethane 200 . 

200 . 

lgn l Fish Consumption 

38000 . 

31200 . AquaticAcute 

1,1,2-Trichloroethane 41.8 41.8 l Fish Consumption 

225 l 

5 l PMCLG = 3 

i’richloroethene 5 . 

5 . 

80.7 80.7 l l Fish Consumption 

1350 . 



TABLE 4-2 (continued) 
SUMMARY OF CHEMICAL SPECIFIC ARARs AND TBCs BY MEDIA 

PARAMETER MEDIA SOURCE OF ARAR OR TBC’ 
C 

II T C 
m Marine PS D T 

Ground Water $biJ Snrfaa Water Smfaa Water Air MMEWOW 
ppb’ 

DH - OTHER 
ppb ppb peb q/m’ CCPQHQEL OR 

ARAR TBC ARAR TBC ARAR TBC ARAR TBC ARAR TBC L L A C S S P V COMMENTS 
Jinyl Chloride 2 l 

2 l 

525 525 . . Fish Consumption 
50 . 

cylene 10000 1fJOOO loo00 l 

8680 l 

!etroleum Remove Free Product RCRA UST 

lb000 1fJOOO CTDEP Emergency Permit Effluent Std. 

SEMI- lfO&A TiJ# t3R GAiWCS 

Otker Semi- Vohtikk CJrgaaics 
3enzoic Acid 
3is(2-ethyl- 

iexylphthalate) 
3ibenzofuran 

Di-n-butylphthalate 
--___ 

154ooo 154ooo l Fish Ingestion 

35ooa . Water and Fish Ingestion 

I,2 Dichlorobenzene (ortho) 763 . Chronic Aquatic Toxicity 

2600 l Fish Ingestion Only 

600 . 

I,3 Dichlorobenzene (meta) 763 . Chronic Aquatic Toxicity 

2600 l l Fish Ingestion Only 

600 . 

l,4 Dichlorobenzene (para) 75 l 

7s . 

2600 . l Fish Ingestion Only 

763 . Chronic Aquatic Toxicity 

9ooo l 

Diethylphthalate moo . Lifetime Health Advisory 

1.8 @I 1.8 g/l . Fish Consumption 

100 l 

2,4- Dimethylphenol 

4,6-Dinitro- 2- 
Methylphenol 
Isophorone 100 l Draft Lifetime Health Advisory 

600 600 l Aquatic Acute Criteria 

460 . 



1 6 i 
: 

E
 i . 

‘f / 
c 

t ” E
 

c .v 
Ir 

, 
- - - - . - - - - 

. c 

- - 5 6 - - z d - - - - 

. 

z .- 9 E
 

5 i; T: 
: i 5 
- - . - - - - - - - - - - - - g d - 

2 ; : ‘< 
: : .I i - - . - - - - - - - 5 c - - z c - - - - 

1 e ;i .- ; c 
E

 
3 i; - - . - - - - - - - - s d - - 5 d - - - - s c 

. 

A
U

G
U

S
T 

1992 
P

H
A

S
E

 I R
I N

S
B

-N
LO

N
 



TABLE 4-2 (continued) 
SUMhiARY OF CHEMICAL SPECIFIC ARARs AND TBCs BY MEDIA 

3rysene 

Phenanthrene 

Pyrene 

b Water and Fish Ingestion 
b Fish Ingestion Only 
. Water and Fish Ingestion 

1,4-DDE 



TABLE 4-2 (continued) 
SUMMARY OF CHEMICAL SPECIFIC ARARs AND TBCs BY MEDIA 

b 
M PARAMETER +I I MEDIA I SDURCE OF ARAR OR TBC’ 

/ I k.1 I / I I 

Methoxychlor 

Fresli Mariae I /A El /:I I " 
Ground Wa tar &&l Surface Waler sorfaa Water 

ppb ppb’ ~_.. ppb 
ARAd TBC ARAR 1 TBC ARAR 1 TBC 1 ARAR 1 TBC 

I 
AA ML;W*W;)H OTHER 

ppb 3 CCPQHQEL 
I ARA”R mTBC L L A C S S P V 

OR 
COMMENTS 

I b State of Connecticut DOHS 
I b U.S. EPA 

PCBs 

0.5 
10000 

0.01 

. 
TSCA Spill Clean-up Guidance 

b 

NOTES 

P 1) Values given are on a mass basis (@kg) unless TCLP is indicated. Where TCLP is indicated, values area measured in a TCLP extract. 

s 
2) MCL: Maximum contaminant level pursuant to the USEPA Safe Drinking Water Act or CTDOHS Standards of Water Quality (Reference 1 and 2). 

PMCL: Proposed maximum contaminant level proposed by the USEPA under the Safe Drinking Water Act (Reference 1). 
USEPA: United States Environmental Protection Agency (Reference 1). 

WQC: Water quality criteria pursuant to Section 304 of the Clean Water Act (Reference 3). 

CTDOHS: Connecticut Department of Health Services (Reference 4). 

WQS: CTDEP Numerical Water Quality Standard (Reference 5). 
CTDEP: Connecticut Department of Environmental Protection guidance (Reference 6). 

HLV: Hazards limiting value pursuant to Connecticut’s hazardous ait pollutant regulations (Section 22a - 174- 29 RCSA) (Reference 7). 

REFERENCES: 
1. USEPA, November 1991, Drinking WaterRegulationsand Health Advisories, Office of Water. 

2. CTDOHS, January 28, 1992, Section 19-13-EJlOZ(e), Regulations of Connecticut St?te Agencies Water Supply Section 
3. USEPA, 1986, Quality Criteria for Water 1986, EPA 440/5-86-001. 

4. CTDOHS, June 1990, Water QualityStandards forPublic Water SuppJy WeJJs, Water Supply Section. 
5. CTDEP, January 1992, Water QualityStandards, Water Management Bureau. 

6. CTDEP, undated, Contaminated Soils Removal t Diqwsal Guidelines. 

z 

7. CTDEP, February 1989, Section 229-174-29, Regulations ofConnecticutState Agencies, Air Management Bureau. 

2 

s 
IQ 



TABLE 4-3 
NATURAL BACKGROUND LEVELS FOR INORGANIC COMPOUNDS 

Parameter 
Upper 95% Background Limit 

(mm)’ 

Aluminum 272,000 
Antimony 2.95 
Arsenic 31.5 
Barium 1600 
Beryllium 3.52 
Cadmium 7.0 
Calcium 32,300 
Chromium 223 
Cobalt 39 
Copper 102 
Iron 115,000 
Lead 53.2 
Magnesium 26,500 
Manganese 3790 
Mercury 0.51 
Nickel 76.7 
Potassium 12,000 
Selenium 1.79 
Silver 5 
Sodium 51,800 
Thallium 53 
Vanadium 271 
Zinc 178 
Boron 109 

1. The upper 95% limit is from Shacklette and Boemgen USGS Paper 1270 using the formula M x 
d where M is the geometric mean and D is the geometric deviation. 

2. Dragun (1988) 
3. Lisk (1972) 

Inorganic concentrations for the same sample were compared based on TCLP extraction 
analysis and mass weight analysis. The reasonableness of the results was evaluated considering 
the 20: 1 dilution used for TCLP extraction, compared with the mass weight analysis, which 
should yield the total metal concentrations. In some cases, a sample would contain a metal 
based on the TCLP results, whereas no metals were detected in the mass weight analysis. In 
these cases, the TCLP results are considered anomalous. Likewise, if the TCLP results, 
factoring in the 20: 1 dilution, yielded higher results than on a mass weight analysis, these results 
are also considered anomalous. Furthermore, some TCLP results show nearly complete 
leachability of metals based on this test procedure. In some cases, natural inorganic background 
levels can have corresponding TCLP values which exceed CTDEP TBC action levels. In these 
samples, exceeding the TBC values was not considered significant. 
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4.4 CBU Drum Storage Area 

The field investigation at this site consisted of surface soil sampling and analysis. 

4.4.1 Surface Soil 

Seven (7) surface soil samples were collected for analysis from this site, from three 
sample locations, to screen for potential releases from past drum storage. Sample locations are 
depicted on Figure 4-l. The site analytical program for the surface soil samples is summarized 
in Section 2.0, Table 2-5. 

Surface soil analytical results are summarized in Tables 4-4 (organics) and 4-5 
(inorganics). Relatively low levels of volatile organics (VOCs), semi-volatile organics (SVOs), 
total petroleum hydrocarbons, and metals were detected in some of the samples. Field measured 
organic vapor readings above background levels, and slight petroleum odors, were noted at 
1SSlD and lSS3D; total petroleum hydrocarbons and VOCs were present at the highest levels 
at sample lSS3D. No soil staining was observed at the site. VOC concentrations were below 
TBC values. Relatively low concentrations of SVOs were detected at lSS4C (composite of 
1SSlS and lSS2S). The pesticide DDD was also detected at lSS4C at a concentration of 55 
PPb. 

The chemicals detected are generally consistent with the oil storti at this site and indicate 
that a minor release may have occurred. The presence of low levels of DDD is likely associated 
with the past Area A pesticide applications. 

Lead exceeded the TCW TBC levels of 0.05 ppm at sample 1SS 1s (0.6 ppm). Lead also 
slightly exceeded the established background concentration at lSS4C (composite of 1SSlC and 
lSS2C). The lead may have been associated with waste oil previously stored at this site. 

4.5 Rubble Fill at Bunker A-86 

The field investigation at this site consisted of surface soil sampling and analysis. 

Five (5) surface soil samples were collected for analysis from this site, from two sample 
locations, to screen for potential releases from discarded construction materials and one drum 
partially filled with an oil liquid. Sample locations are depicted on Figure 4-2. The site 
analytical program for the surface soil samples is summarized in Section 2.0, Table 2-5. 

Surface soil analytical results are summarized in Tables 4-6 (organics) and 4-7 
(inorganics). Sample 4SSlD and 4SS2S contained solvents (trichloroethene, tetrachloroethene) 
in the l-2 ppb range, below TBC values of 5 ppb. Sample 4SSlD was collected adjacent to a 
55 gallon oil drum discussed in Section 1.2.4.2 Neither sample 4SSlD, 4SS2S, or any other 
surface soil samples registered an organic vapor reading above background, based on field 
measurements, or were discolored in appearance. Sample 4SS3C, a composite of 4SSlS and 
4SS2S, was analyzed for SVOs, PCBs and inorganics. A total SVO concentration of 24,950 ppb 
was detected. The SVOs consisted of polynuclear aromatic hydrocarbons (FAHs) which may 

=* 
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TABLE 4-4 
CBU DRUM STORAGE AREA 

SUh4h4ARY OF SURFACE SOIL ANALYTICAL, DATA (ORGANICS) 

SAMPLE ID: 1SSlS 1SSlD 1 lSS3S 1 lSS3D lSs4C 
PARAMETER TBC SAMPLE DEPTH (in) O-6 12-18 1 O-6 O-6 1 12-18 1 O-6 1 12-18 

. . . . . . . . ‘,.. ;. 
‘. ., ‘, : .:. ‘. ,. :. .’ TCL VOLATILE ORGANICS (ppb) 

Methylene Chloride 25 ND ND NA 1J NA ND NA 
Ethylbenzene -- ND ND NA ND NA 65 NA 
Xylene (total) -- ND ND NA ND NA 300 NA 

Total Volatile Orgaaics 1 306 
:‘: ‘.. ‘. ‘. ‘.’ TCL SEMI-V0LAlZ.E ORGANICS (ppb) 

NoaCrarciaogeaic PAH 

Fluoranthene -- NA NA NA NA NA NA 450 J 
Pyrene -- NA NA NA NA NA NA 370 J 

Total Noacarciaogeaic PAH ] 820 
. 

.‘.. ,’ ‘. ‘. (,, TCL PESTMXDE~PCB (ppb) 

4,4’DDD -- I NA 1 NA NA 1 NA 1 NA 1 NA ) 55 

TCLP PCBs (ppb) 

TCLP PCBS -- ND 1 NA 1 ND NA 1 ND NA 1 NA 

TOTAL PETROLBUM HYDROCARB ONS (ppm) 

Total Petroleum Hydrocarbons 1 - - 1 ) 1600J 1 730 1 110 1 140 1 220 ( 9800 ) NA 

NOTES: 
1) ARARs/BC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values 

(refer to Section 42 for further explanation). Shaded numbers exceed TBC values. 
2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explantion. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-5 
CBU DRUM STORAGE AREA 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (INORGANICS) 

1 272000 

Vanadium ~~ 271 
NA ( NA 1 NA / 64.9 J Zinc 178 1 NA ( NA / NA 

Boron 109 1 NA 1 NA 1 NA NA 1 NA I NA I ND 

TC LP METALS (mm) 
PARAMETER 1 1 :3c 

ND NA ND NA ND NA NA 
0.31 J NA 0.22 J NA 0.33 J NA NA 
ND NA ND NA ND NA NA 
ND NA ND NA ND NA NA 

/ 
0.6 NA 1 ND / NA ND NA NA 
ND NA ND NA ND NA NA 
ND NA 0.0021 J NA ND NA NA 

Sliver I u.tJ3 I rrn D h, A , ,-au 1. I 1.n , 2.u A. , NA Nrl t? ND R NA NA 

Arsenic 0.05 
Barium 1 
Cadmium 0.01 
Chromium 0.05 
Lead 0.05 
Mercury 0.002 
Selenium 0.01 
-.. ,% ,.r 

NOTES: 
1) ARARs/TBC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered flues (refer to Section 4.2 for further explanation). Background values are discussed in S&ion 4.3. Sbadt 

numbers QceedTBC or bzkground ekes. 
2) Assigned letters adjacent to numerical values are data qualifErs. Refer to Section 2.11 for fwther explanation. 
3) ppb indbates a concentration of parts per billion; ppm is pats per million. 
4) ND meats not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 
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TABLE 4-6 
RUBBLE FILL AT BUNKER A-86 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLE ID: 4SSlS 4SSlD 
PARAMETER TBC SAMPLE DEPTH tin) 1 O-6 12- 18 

TCL V0LAlZL.E ORGANICS (ppb) 
Trichloroethene 5 1 NA ND 
Tetrachloroethene 5 1 NA 25 

Total Volatile Orgaoics 2 
TCL SEMI- VOLATlLE ORGANICS (ppb) 

Noncmcinopeoic PAH 
Acenaphthylene -- NA NA 
Fluorene -- NA NA 
Phenanthrene -- NA NA 
Anthracene -- NA NA 
Fluoranthene -- NA NA 
Pyrene -- NA NA 

Total Noncarcinogenic PAH 
Probable &treinogenic PAH -~ 
Benzo(a)anthracene -- NA NA 
Chrysene -- NA NA 
Benzo(a)pyrene -- NA NA 

Total Probable Carcinogenic PAH 
TCL PESTICIDES/PCBs (ppb) 

Delta-BHC -- NA NA 

Methoxychlor -- NA NA 
TCLP PCBs (ppb) 

TCLP PCBs -- ND NA 

4SS2S 4SS2D 4ss3c 
O-6 12- 18 O-6 

25 ND NA 
1J ND NA 
3 

NA NA 320 J 
NA NA 290 J 
NA NA 4400 
NA NA 4405 
NA NA 5800 
NA NA 6000 

17250 

NA NA 2700 
NA NA 3200 
NA NA 1800 J 

7700 

NA NA 42 
NA NA 370 x 

ND NA NA 

NOTES: 
1) ARARs/TEU! indicates applicable CC relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 fcr further explanation). Shaded numbers exceed TEC values. 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

3) ND means not detected, less than detection limit. Refer to Section 22 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-7 
RUBBLE FILL AT BUNKER A-86 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (INORGANICS) 

ID: 1 4SS1S 1 4SSlD 
12- 18 

WINKS (ppm) 
I 

BACK- SAMPLE 
PARAMETER GROUND SAMPLE DEPTH (in) 1 

Aluminum 272000 
Antimony 2.95 
Arsenic 31.5 
Barium 1600 

O-6 
TAL INOR/’ - 

NA 
NA 
NA 
NA 
. . . 

4SS2S 4SS2D 4ss3c 
O-6 12- 18 O-6 

.I. I . . . _--^^ NA I NA 1 117uu 

NA NA NDR ._. I __. I I 
NA NA NA 127 
NA NA NA 49.6 B --. I .T . I ^ ^^ -- I 

PARAl dETBR 1 TBC 
Arsenic 0.05 

I 
ND 

Barium 1 0.11 J 
Cadmium 0.01 ND 
Chromium 0.05 I ND 
Lead I 0.05 I ND 

lo.002 Mercury 
Selenium I 0.01 _.-_ I I / 0.0027 J 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

J NA - I NA ____.. - I 
ND 
.- 1 NA NA 

. . . I ._. I 

k K .- 
I NA 

NA I __. 
1 NU I NA NA 

\- .r . I . . . I 

k I NA NA I 

NOTES: 
1) ARARs/TBC indicates applicable or relevant and appropriate requirements; TEK indicates to be considered values (refe to Section 42 for further explanation). Background values are discussed in Section 

4.3. Shaded numbers exceed TBC or background values. 
21 Assigned letters adjacent to numericalvalues are data qualifiers. Refer to Section 2.11 for further explanation. 

5 indicates a concentration of parts per billion; ppm is parts per million. 

means not detected, less than detection limit. Refer to Section 2.2 fcr further explanation. PI s not analyzed. 

.I’ 
il I, c, 
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be indicative of an oil release. 

Samples analyzed for metals by TCLP methods did not exceed TBC values. Arsenic 
exceeded the established background concentration at 4SS3C. The concentration of arsenic (127 
ppm) was one of the highest detected compared with all other site investigations. Pesticides 
were also detected at 4SS3C at a concentration of 42 ppb for delta-BHC and 370 ppb for 
methoxychlor. Both of these compounds are insecticides. The presence of these constituents 
are either associated with past Area A pesticide applications and/or due to a release at this 
site. 

4.6 Tomedo Show 

The field investigation of this site consisted of a soil gas survey, test borings, ground 
water monitoring wells, and soil and ground water analysis. The sediment and surface water 
analysis results are included in the Area A discussion. 

4.6.1 Soil Gas 

- =’ 

A total of 28 soil gas sample points were analyzed within the north and south septic 
systems which formerly served the Torpedo Shops. The soil gas sample locations are shown on 
Figure 4-3. 

Benzene and unknown volatile organics were found in low levels at several points at the 
south septic system. These points included SG-3, SG-5, SG-7 and SG-15. 

Benzene, toluene, 1 , 1-dichloroethene, and unknown volatile organics were found in low 
to high levels at the north septic system. These points included SG-20, SG-21, SG-23, SG-24, 
SG-25, SG-26, SG-27 and SG-28. The highest concentration of an unknown VOC (possible 
toluene) was detected at SG-21. Soil gas volatile organic concentrations are shown on Figure 
4-3. 

Complete soil gas data is provided in Appendix A. 

4.6.2 Subsurface Soil 

Nine subsurface soil samples were collected to screen for potential releases of chemicals 
to the two former septic systems. Test boring and ground water monitoring well locations are 
shown on Figure 4-4. The site analytical program for the surface soil samples is summarized 
in Section 2.0, Table 2-5. 

-. 

Subsurface soil analytical results are summarized in Tables 4-8 (organics) and 4-9 
(inorganics). The analytical results are discussed below separately for the north and south septic 
systems. None of the subsurface soil samples had any visual indication of contamination or field 
measured organic vapor concentrations above background levels. 
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TABLE 4-8 
TORPEDO SHOPS 

SUMMARY OF SUEWJRFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLE ID: 1 7MWl 1 7MW2 1 7MW3 1 7l-Bl 7TB2 1 7TB3 ( 7TB4 7TB5 ( 7l-B6 
PARAMETER TBC DEmH(ft): 1 1 2-4 1 6-8 

1 1 
O-2 1 2-4 1 2-4 1 4-6 1 4-6 I 6-8 I 6-8 

Phrhalafes 
bis(2-ethylhexyljphthalate - - 
Diethylphthalate -- 
Di-n-butylphthalate -- 
Ofhm Semi- Volatile Or~auics 
4-Methylphenol -- 
Benzoic Acid -- 

4$-DDE -- 
Aroclor-1254 10000 

ND 130 J ND 180 J 190 J ND ND ND ND 
ND ND ND ND ND ND ND 94 J ND 
ND 60 J ND 100 J ND 130 J 170 J 65 J 88 .I 

ND 560 / ND ND ND 1 ND 1 ND ND / ND 
ND 86J 1 ND _ND ND 1 90J 1 ND ND _ 1 ND 

TCLPESTICIDES/PCBs(ppb) 
ND ND 1 ND 1 ND ND 1 210 X 1 ND 1 ND 1 ND 
ND 600X 1 ND I ND ND I ND I ND 1 ND I ND 

NOTES: 
1) ARARwTBC indicates applicable a relevant and ap&x’opriate requirements; TBC indicates to be considered values (refer to Section 4.2 tu furtha expanation). Shaded numbers exceed TBC values. 

2) Assignedletters adjacent tonumerical values ae data qualifiers. Refer to Section 2.11 far Curtha ex@xxition. 

3) ppb indicates a concentration of parts pet’billion; ppm is parts per million. 
4) ND means not detected, less than detection limit. Refa to Section 2.2 for futher explanation. NA indicate3 not analyzed. 
cI %ly the parameters detccred are listed above, all others were not detected. c L I 



TABLE 4-9 
TORPEDO SHOPS 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

BACK- SAMPLEID: 1 7MWl 1 7MW2 ) 7MWm. , ._-_ , .ADL , ,~UJ , rauv , 110-z , ,IUU 
PAD *I-- p_D r\T TxIn nl2Dv-n /H\- I n-3 1 2-4 1 6-8 1 2-4 1 2-4 1 4-6 1 4-6 / 6-8 I 6-8 

TALINoRGANICS(ppm) 
kl.rm;n,,m I 777m I 1 117M 1 lllfI0 1 8466 1 16900 1 13500 1 10.200 1 11000 1 19800 1 12300 

‘IT 1 1431 1 NT-l1 1 lCj4J [ 17.9 J 1 17.3 J 1 ND J 1 16.6 J 44 TTII ,*n I ?-I? I 4.37 I OL 

llulllillUlll Al&- z_. I “” AdI”. 

4ntimony #ik 2.95 19.4 J NL, LT.-., A.-., / 
bsenic 31.5 1.4 B 2.3 JB 2.2 B 1.9 JB / L.1 .JD , 1.4 
Barium 1600 159 80.4 56.1 55.2 68.3 64.4 Beryllium 3.52 0.58 B o.61 B D .I - n3.- n 

/ 
n ~ 

! 
-~ - ! 

D , L. I A.0 J 

’ “2B 47.4 B 3;:; B 
1.40 n I U./J n I u.68 B / 0.52 B 1 0.57 B 0.87 B 0.54 B A. nn I J I I 3c A7 77 Cadmium 7 4.6 4.4 l&!t I 3.3 I 3.2 1 2.9 , .&.A / / 

Zalcium 32300 5830 138OJ / 6OOJBI 1lOOJBI 1680 1 909B / ls’i;,JBj l&B 
Chromium 223 18.4 J 15.7 1 _‘- ’ -/- ’ I’ “-l--a& In LlJLRtlL 

Copper 
I 37 I 

102 

I 

i3 1 
, -2.7 , 

-;‘i R 1 
I-r.8 , I” .I / G-T., , A”., .I 

?‘Q ’ 7Q I 7<Q 1 c;Q 

tron I 115wu I -_ _ 
53.2 I 

/ ‘K;CM 
i.,ajz+‘CU”u’ , .&v-I- I / -*-” , 

Manganese j 3790 1 3oOJ/ 27711 -‘I __- ___ 

Silver 
Sodium 
Thallium 

,,.,,, 5.5 J ND 
366 JB 117 JB 108 JB 1 54.8 JB 1 118 JB 1 112 JB 1 8 

5 ND ND _-. 1 .T^ ^** , , - .- Vanadmm 211 43.8 SLS L2.7 
Zinc 178 62.9 J 48.4 J 35.2 I , ._. _ , .V.T J , N./ J / A”.” J , _1_1. I .I / 
Boron + 109 110 SO 4s I so I so I 45 I 49 I 130 I XY 
Lwrnde I -- l I NV I N 

PARA‘ -- 
’ -- I 

ME-PEK 
Arsenic *\ 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium b 
Silver 

llK 
005 
‘1 

013 J 
Ohi J 

0 19 J 
0:33 J 

ND 015 J 
0:39 J 

0.24J ND 0 r/ J O38J 0 16 s” 
0.24 J 0.49 J 0.18 J 0119 J 0.37 J Oh J 

0.01 ND _ ND ND ND ND 0.0095 J ND ND 
0.05 ND ND ND s: ND ND ND 
0.05 ND ND ND ND 

ii: 
ND ND 

0.002 
FE 

ND ND ND ND 
..,&:J. ND 

ND ND 
0.01 ND ND ND ND 1. 0.11 J ND 
0.05 ND ND ND ND ND ND ND ND ND 

NOTES: 
1) ARARsfEK indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 far further explanation). Background values are discuaed in Section 4.3 

Shaded numbers exceed TBC or background values. 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 
3) ppb indicates a concentration of parts per billion; ppm is parts per million. 
4) ND means not detected, less than detection limits. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 



North Svstem: Three subsurface soil samples were collected from this septic system. 
Methylene chloride was detected at low concentrations in sample 7MW2 (4 ppb) and 7TB2 (3 
ppb); these concentration are below the TBC value of 25 ppb. No other VOCs were detected. 
Boring 7TBl was located in close proximity to the highest soil gas point (SG-21). 

Semi-volatile organics were also detected at samples 7MW2 and 7TB2. Total PAH 
concentrations at 7MW2 were 3595 ppb, while at 7TB2 levels were 84 ppb. Low levels of 
phthalates were detected at 7MW2, 7TB1, and 7TB2. PAHs present in 7MW2 correlated with 
PAHs detected in the soil sample from 7MWl. This soil sample was from the upgradient well 
located adjacent to the Torpedo Shop. An odor was encountered while drilling this well. 
Torpedo Shop personnel felt that the odor was that of “Simple Green” cleaner that is used at the 
Torpedo Shops, however, this could not be confirmed by the analyses performed as none 
of the constituents listed on the “Simple Green” MSDS were analyzed. 

PCB was detected at 600 ppb at sample 7MW2, which is below the TBC value. Arsenic 
was detected by TCLP analysis at all three subsurface soil samples above TBC values; selenium 
was also detected above TBC values at 7TB2. Neither arsenic nor selenium exceeded established 
background concentrations at these sample locations. Antimony exceeded background levels at 
7TB2. Also, the arsenic and selenium TCLP results, factoring in dilution, yielded higher 
concentrations than the mass analysis, suggesting the TCLP results may be anomalous. 

South System: Five subsurface soil samples were collected from this septic system. 
Low concentrations of methylene chloride, acetone, carbon disulfide, and 2-butanone were 
detected in either sample 7TB5 or 7TB6. As previously discussed, these compounds can be 
associated with laboratory contaminants, however, methylene chloride is used at the Torpedo 
Shops, and has been extensively used at NSB-NLON. Benzene was detected at 4 ppb at 7TB5, 
above the TBC value of 1 ppb. It is noted that these samples were collected at or below the 
water table interface. This is consistent with the soil gas survey in that the two closest soil gas 
points to 7TB5 detected benzene. Boring 7TB4 was located directly adjacent to SG15, the 
highest soil gas measurement. 

PAHs detected at 7TB3 are at relatively low concentrations; low levels of phthalates were 
detected in soil samples collected from the south system. 

The pesticide DDE was detected at soil sample 7TB3 at a concentration of 210 ppb. The 
sample was collected from a 4-6’ depth; the source of the pesticide is unknown. 

Arsenic was detected by TCLP analysis at sample location 7TB4,7TB5, and 7TB6 above 
TBC values; selenium was detected also above TBC values at 7TB5. Neither arsenic or 
selenium exceeded background concentrations at these sample locations. Similar to the south 
system, the arsenic and selenium TCLP results, factoring in dilution, yielded higher 
concentrations than the mass analysis, suggesting the TCLP results may be anomalous. 
Antimony exceeded background levels at the majority of sample locations. It is possible that the 
elevated levels of antimony at this site, which +las not detected at this level at any other site, 
could be due to torpedo waste liquids generated during the overhaul process. However, this 
does not correlate with the detection of antimony in the upgradient soil sample, 7MW1, although 
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this sample location may not represent background. Silver exceeded background concentrations 
at three locations and was close to the upper limit of background concentrations at three other 
locations. The elevated silver concentrations are in the same samples that have elevated 
antimony concentrations. 

4.6.3 Ground Water 

The ground water analytical program is summarized in Section 2.0, Table 2-l 1. Three 
ground water monitoring wells were installed to screen for potential ground water contamination. 
An upgradient bedrock well (7MWl) was installed, and an overburden well (7MW2 and 7MW3) 
in each leaching field area. Well 7MWl was installed in bedrock due to the shallow depth to 
bedrock in that area. Ground water analytical results for organics are summarized in Table 4-10 
and for inorganics in Table 4-l 1. 

North Svstem: In the north system at 7MW2, 1 ,l-dichloroethane was detected at 2 ppb; 
no TBC values exist for this parameter. No SVOs or pesticides/PCBs were detected. No metals 
were detected which exceeded primary drinking water standards. Iron and manganese were 
detected in the two downgradient wells (7MW2 and 7MW3) above secondary drinking water 
standards, which indicates a potential onsite source. Boron exceeded the TBC draft health 
advisory value in all wells, however, it was also exceeded in the upgradient well. Also, based 
on analytical data from offsite residential well analysis, the boron levels appear to be a 
background condition. 

South Svstem: Several VOCs were detected in the 7MW3 ground water sample. 
Solvents detected include 1 , 1,l trichloroethane (42 ppb), 1,l dichloroethane (30 ppb), and 1,l 
dichloroethene (1 ppb). These concentrations are below applicable TBC values. 

However, the presence of these compounds indicates the potential for an undefined source 
of contamination resulting in the presence of these compounds in the ground water. The soil 
gas survey and subsurface soil sampling within the septic system leaching field did not indicate 
the presence of any significant VOC contamination. It is possible that the source of these 
solvents is upgradient of this location, in the vicinity of the Torpedo Shop buildings 325 or 450. 
Also, due to the density of solvents, higher concentrations may be present in the bedrock 
aquifer. 

No metals were detected which exceeded primary drinking water standards. Antimony, 
manganese, sodium, vanadium and boron exceeded secondary, health advisory, or state/federal 
guidance, or notification values. The vanadium and antimony may be related to the torpedo 
overhaul activities at this site. As previously discussed, boron appears to be present at 
background levels. Antimony exceeded the proposed MCL by over twenty times. Antimony 
exceeded background levels in the majority of soil samples in the south system, and in the north 
system. It also exceeded background in the upgradient soil sample 7MWl. 
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TABLE 4- 10 
TORPEDO SHOPS 

SUMMARY OF GROUND WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER ARARsflBC / SAMPLE ID: ( 7Mwl 7MW2 7Mw3 
TCL VQ&ATILE ORGANES (ppb) 

1,l -Dichloroethene 7 ARAR MCL ND ND 1J 
1,l -Dichloroethane -- ND 25 30 
l,l,l -Trichloroethane 200 ARAR MCL. ND ND 42 

Total Volatile OrRaoics 2 73 
TCE SEMI-VOLATltB ORGANICS (ppb) 

TCL Semi-Volatile Organics I ND ND ND 
TCL PESTICIDES/pcBs (ppb) 

TCL Pesticides/PCBs ND ND ND 

NOTES: 
1) ARARs/ECindicates applicable oc relevant and appropriate requirements; TEK indicates to be considered values (refer to Section 42 fcr further explanation). 

Shaded numbers exceed ARAR/lBC values. 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per Won; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 

6) The acronym adjacent to the ARARABC vaLue indicates the source of the value. Refer to Table 4-2 or glossary fa further explanation. 



TABLE 4-11 
TORPEDO SHOPS 

SUMMARY OF GROUND WATER ANALYTICAL DATA (INORGANICS) 

NOTES: 
1) ARARsWindicates applicable cn relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 42 fcr further explanation). Shaded numbers exceed AKAMBC values. 

2) Assigned letters adjacent to numerical values are data qualitiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per tillion; ppm is parts per million. 

4) ND means not detected, less than detection knit. Refer to Section 22 for further explanation. NAindicates not analyzed. 

5) Radiological constituent values have an assigned +I- range due to sample interference. 

6) The acronym adjacent to the ARARABC value indicates the source of the value. Refer to Table 4-2 or glossary fcr further explanation. 

7) These values are based on CIDOHS MCLs which are lower than USEPA MCLs. CTDOHS may at some future time revise their MCLs to correspond to U.S. EPA’s 



4.7 Goss Cove Landfill 

The field investigation at this site consisted of radiation, geophysical, and soil gas 
surveys. Test borings, ground water monitoring wells, and soil, surface water, and ground 
water sampling and analysis were also conducted. 

4.7.1 Radiation 

The following is a summary of the radiological survey results. The complete 
Radiological Assessment report is provided in a separate bound report. 

At Goss Cove, 458 measurements were made. All were well within what is considered 
normal background radiation for this region. The highest reading was at location F/G-14, which 
was 16 @hr at waist level and 19 $/hr in contact with the ground. This location is near the 
base of a granite cliff, which would account for the slightly elevated gamma measurement. No 
readings in this area exceeded the 20 @/hr investigation level. 

Grid survey points for the radiation, geophysics, and soil gas surveys are shown on 
Figure 4-5. 

4.7.2 &oDhysics 

A combination of magnetometry, EM conductivity, and GPR data were acquired at the 
Goss Cove Landfill to identify the extent of the suspected landfill and to confii, if possible, 
the specific locations of buried metal objects. The approximate limit of landfill boundary was 
inferred from the magnetic and EM conductivity data. 

-w 

EM conductivity data were acquired along both north-south and east-west oriented grid 
lines. The interpreted landfill is represented by conductivity values less than zero or greater than 
20 mhos/m. Areas northeast of the depicted landfill boundary exhibit little conductivity (or 
magnetic) variations; values on the south/southwest side of the inferred boundary range up to 
approximately 200 mmhos/m. 

GPR data were acquired in anomalous regions noted during the magnetic and EM 
surveys, and in areas where the magnetic or conductivity data could not be acquired due to 
surface metal objects. All of the traverses completed during the GPR survey exhibit reflectors 
characteristic of landfills, with only occasional areas where GPR penetration depth was limited 
(by electrically conductive materials near ground surface) or where possibly “earth” fill overlays 
other backfill materials. 

Based upon the geophysical investigations of suspected buried metal objects were 
identified at the following locations as shown on Figure 4-5: 1) 10 feet southeast of point B15, 
2) 25 feet east of point D12, and 3) 15 feet southwest of point B19. 

The geophysical report is provided as a separate bound report. 
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4.7.3 Soil Gas 

A total of sixty-four (64) soil gas points were analyzed, most of which were located 
under the paved parking lot. 

Trace to low levels of tetrachloroethene with associated trace levels of 1,2 dichloroethene 
and trichloroethene were found at several points along the eastern portion of the site (SGl, 9, 
15, 16, 17, 18, 19, 26). Tetrachloroethene was found in the soil at 8TB2, however, no VOCs 
were detected at 8MW4, which is a location of moderate levels of VOCs based on soil gas data. 
Benzene and toluene were also noted in trace to low levels at several soil gas points scattered 
throughout the site. 

Three moderate to high VOC levels (SG45, SG54, and SG64) were noted, containing 
many unknowns along with benzene, toluene, and xylenes. These chromatographic signatures 
suggest a petroleum product. These elevated VOC detections are in the vicinity of 8MW2 and 
8MW3, where elevated soil concentrations of petroleum hydrocarbons were detected. 

A review of the soil gas and geophysical data does not suggest that the detection of any 
suspected buried metal objects correlate with any high soil gas measurements. 

Relative soil gas VOC concentrations are depicted on Figure 4-6. Complete soil gas data 
is presented in Appendix A. 

4.7.4 Subsurface Soil 

Seven subsurface soil samples were collected to screen for residual chemicals as a result 
of past landfilling operations at this site. Sample locations are shown on Figure 4-7. The site 
analytical program for the subsurface soil samples is summarized in Section 2.0, Table 2-5. 

Subsurface soil analytical results are summarized in Tables 4-12 (organics) and 4-13 
(inorganics). Figure 4-8 illustrates bar graphs of VOC, SVO, pesticide and PCB concentrations 
in subsurface soils. 

The soil borings showed the depth of fill to range from ten to 20 feet. Fill materials 
consist of sand and gravel with small quantities of brick, glass sandblast grit, ash, wood, and 
metal. Minor oil stains or sheens were also observed in approximately one-half of the borings. 
All soil samples were collected from within the landfill material, and generally at or below the 
water table. 

-- ._ 

The highest concentrations of VOCs are present at samples 8MW2 and 8MW3, where 
benzene, toluene, ethylbenzene, and xylenes are present. Benzene (3 ppb) at 8MW2 and toluene 
(18,000 ppb) at 8MW3 exceed TBC values of 1 ppb and 1000 ppb, respectively. These samples 
were collected at or below the ground water table, and had field measured organic vapor 
readings above background. Although the higher organic vapor readings were generally 
measured at the ground water elevation, elevated levels were present at all elevations within the 
borings. Tetrachloroethene was detected at 8TB2 (23 ppb), above the TBC value of 5 ppb. 
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TABLE 4-12 
GOSS COVE LANDFILL 

zl 
SUMMARY OF SUBSURFACE SOIL ANALYTICAL, DATA (ORGANICS) 



TABLE 4- 12 (continued) 
GOSS COVE LANDFILL 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

NOTES: 
1) ARARs/Tl3C indicates applicable or relevant and appropriate requirements; TEE indicates to be considered values (refer to Section 4.2 for further explanation). Shade 
2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 
3) ppb indicates a concentration of parts per billion; ppm is parts per million. 
4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 
5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-13 
GOSS COVE LANDFILL 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

PARAMETER TEK 
Arsenic 0.05 
Barium 1 
Cadmium 0.01 
Chromium 0.05 
Lead 0.05 
Mercury 0.002 
Selenium 0.01 
Silver 0.05 

TCLP METALS (ppm) 

0.17 ND ND ND 0.15 0.14 ND 
0.33 1.6 0.56 0.69 0.67 0.26 0.61 

0.E 0.038 0.009 0.0078 0.013 ND ND 
0.029 J 0.013 J 0.02 J 0.1 0.27 0.0085 J 

0.2 4.8 2.2 2.1 1.6 ND 0.16 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 
NDR NDJ NDJ NDJ NDR 0.39 J 0.033 J 

NOTES: 
1) m indicates applicable or relevant and appropriate requirements; TBC indicates to lx considaed values (refa to Section 4.2 far further explanation). Backgroundvalues are discussed in Section 

4.3. Shaded numbers exceed TBC or background values. 
2) Assigned letters adjacent to numericalvalues are data qualifiers. Refer to Section 2.11 for further explanation. 
3) ppbindicates a concentration of parts per billion; ppm is parts per million. 
4) ND means not detected, less than detection limit. Refer to Section 2.2 fcr further explanation. NA indicates not analyzed. 



this sample was observed to be discolored and the analytical results correlated with the soil gas 
results. 

SVOs, predominantly PAHs, were detected in all seven subsurface soil samples. The 
highest SVO concentrations, as illustrated on Figure 4-8, were present at 8MW2 (53,500 ppb), 
8TB2 (425,800 ppb), and 8TB3 (61,390 ppb). At 8TB2, dibenzofuran was also present at 
19,000 ppb. It is unclear if the detection of the highest levels of SVOs at these sample locations 
is indicative of the spatial distribution of elevated SVOs at the site, or an artifact of the sample 
locations. The sample locations were not spatially dense enough to draw specific conclusions 
regarding extent of elevated SVOs in the subsurface soils. The PAHs are likely associated with 
the disposal of incinerator ash in this landfill and/or associated with the presence of petroleum 
hydrocarbons. 

PCBs (Arochlor 1248) were detected at 8MWl (91 ppb), 8TBl (110 ppb) and 8TB2 
(4900 ppb), all below the TBC value of 10,000 ppb. Pesticides (predominantly DDT, DDD, 
and DDE), were present at 8MW2, 8MW3, 8MW4 and 8TB3, with the highest concentration 
of DDT, DDD and DDE (6,200 ppb) present at 8MW2. DDT was present above the TBC value 
of 500 ppb at 8MW2. Similar to the SVOs, based on the sample density, no specific 
conclusions are drawn relative to extent of PCB or pesticides in subsurface soil. The presence 
of PCBs and pesticides are likely associated with past landfill disposal. 

Lead was detected by TCLP analysis above TBC values at all samples except 8TB2. 
Highest TCLP concentrations were present at 8MW2, 8MW3, 8MW4 and 8TB1, but all below 
the RCRA hazardous waste levels of 5.0 ppm. Other metals present above TBC values include 
arsenic, barium, cadmium, chromium, and silver. Many inorganic constituents exceeded 
established background levels based on mass weight analysis. These included arsenic, 
chromium, cobalt, iron (all from 8TBl), cadmium, copper, iron, lead, mercury, nickel, zinc, 
and boron. These elevated metals are anticipated to be related to past landfilling activities. The 
elevated arsenic, cadmium, chromium, and lead correlated with the TCLP results. The elevated 
lead levels are the most widespread, and may be associated with battery disposal. The mercury 
detections may be related to meter and light disposal. 

47.5 Ground Water and Surface Water 

Four ground water monitoring wells were installed to screen for potential ground water 
contamination. One surface water sample was collected in the Thames River downstream of the 
landfii. The ground and surface water analytical program is summarized in Section 2.0, Table 
2-11. 

Ground water and surface water analytical results are summarized in Tables 4-14 
(organics) and 4-15 (inorganics) . The wells were installed within the former landfill; the 
proposed upgradient well (8MW4) was not installed in the proposed location (location of 8TB3) 
due to the presence of shallow bedrock conditions. The highest levels of VOCs detected in the 
ground water were at 8MW2S and 8MW3S, the two downgradient wells. Vinyl chloride (5 ppb) 
and benzene (2 ppb) were present at 8MW2 above ARAR/TBC values of 2 and 1 ppb, 
respectively. Petroleum hydrocarbons present in the ground water include toluene, ethylbenzene, 
and xylene. This is consistent with subsurface soil and soil gas analytical results at the site. 
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TABLE 4- 14 

GOSS COVE LANDFILL 

E 
SUMMARY OF GROUND WATER AND SURFACE WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER 1 ARARs/TBC I SAMPLE ID: I 8MWlS 8MW2S 8MW3S 8MW4s I 8SWl 

is 2ARARI 
TCL VOLATUE ORGANICS (ppb) 

22 
Vinyl Chloride MCL ND 5.I I ND ND 

I l I I 
1 ND 

Aretnne -- Nn Nnl 7M Nn Nn * a.,-.Y.s- I I I I.Y I l.Y .I I ,w i _ -- - .- 

1.2-nichlnrnp.then~(tntnl~ 1 711 ARAR Mf-1 1 T 17 1 35 ND I 

ClUUHbHA / NLJ I 2U J 450 I I IY” 
/ I Nn I 

I -- l I I I I .I ..- . .- 
El:llWP~P I nN-r7QTRr I wnc Nn PI 71 Nn ND s n..“s.,.A” “.-a” IYU . . V” I 1.u I 

1;; 
I 

lb; 
_- _ .- 

Phenanthrene 0.0028 TBC WQS ND I 2J ND 
Fluoranthene 42 TBC I 

u,nr . . L!cI, I I hrn L.Y I 
I 

A r fJ I 
I 

hrn 1.u / Nl-l - .- I Nn * .- 

Total Noacamcnic PAH I A 7 1 OA /-r I OR /” 10 I 
Othet Semi- Volatile Organks 
Phenol ‘lQ@)mC 1 TTCGPAUA 1 Nn I 7l-i I 11 1 NILI Nn 
2-Methylphenol -- NO 32 140 -7 J IYLJ 
4-Methylphenol -- ND so0 340 12 ND 
2’4-dimethylphenol -- 25 200 310 65 ND 
Benzoic Acid -- ND ND ND 35 ND 

Dibenzofuran -- ND 45 45 ND ND 
TCL PES13%IDEs/CBs (&b) 

I I I .- I .- I .- I Nn I hm 
I 

% 

NOTES: 
1) AiURs/I’EK indicates applicable or relevant and approgate requirements; TE?C indicates to be considered values (refer to Section 4.2 for further explanation). Shaded numbers exceed ARARFBC ‘values. 

z 

2) Assigned letters adjacent to numeical values are data qualifiers. Refer to Section 211 for further explanation 

2 

3) ppbindicates a concentration of parts per billion; ppmis parts per million 

4) ND means not detected, less than detection limit Refer to Section 22 for further explanation NA indicates not analyzed 

5 

5) Only the parameters detected are listed above, all others were not detected. 

6) The acronym adjacent to the ARARAW value indicates the source of the value. Refer to Table 4-2 or glossary for further explanation 

t4 
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TABLE 4-15 
GOSS COVE LANDFILL 

SUMMARY OF GROUND WATER AND SURFACE! WATER ANALYTICAL DATA (INORGANICS AND RADIOLOGICAL) 

I ItiKUUNlJ WAIEK I I I I I I SAL-I- WAII2K I I 

PARAMETER PARAMETER 1 1 ARARSmC ARARSmC 1 1 SAMPLE SAMPLE ID: ID: 1 1 8MWlS 8MWlS ( ( 8MW2S 8MW2S 1 1 8MW3S 8MW3S ( ( 8MW4S 8MW4S 1 1 ARARS/TBC ARARS/TBC 1 1 8SWl 8SWl 
TM lfVORG.ANKS fppb) TM lfVORG.ANKS fppb) 

Aluminum Aluminum 200 TBC 200 TBC SMCL SMCL ND ND 36.6 B 36.6 B ND ND ND ND -- -- 68.4 ELI 68.4 ELI 
Antimony Antimony 5TBC 5TBC PMCL PMCL ND ND ND ND ND ND ND ND 4300 ARAR 4300 ARAR ND ND 
Arsenic Arsenic 50 ARAR 50 ARAR MCL MCL ND ND ND ND 7B 7B 3.7 B 3.7 B 0.14 ARAR 0.14 ARAR ND ND 
Barium7 Barium7 1oooARAR 1ooOARAR MCL MCL 119 B 119 B 639 639 524 524 1220 1220 -- -- ND ND 
Beryllium Beryllium lTf3C lTf3C PMCL PMCL ND ND ND ND ND ND ND ND 0.13 ARAR ND 0.13 ARAR ND 
Cadmium Cadmium SARAR SARAR MCL MCL ND ND 2B 2B ND ND 2.4 BJ 2.4 BJ 9.3 ARAR 9.3 ARAR ND ND 
Calcium Calcium -- -- 94900 94900 47800 47800 47000 47000 52500 52500 -- -- 81400 81400 
Chromium7 50 ARAR MCL ND ND ND ND so ARAR ND 
cobalt -- ND ND ND ND -- ND 
Copper7 lOOOAR4R MCL ND 5.2 BJ 7.8 BJ 5B.J 2.9 ARAR 12.1 BJ 
Iron 300 TBC SMCL 1890 1380 468 5700 -- 215 J 
Lead 15 ARAR Action Level 1 ND 2.4 B ND ND 1.3 AFUR NDJ 

Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium7 
Silver7 
Sodium 
Thallium 
__ . . 

-- 279ooo 134600 ( 36200 j 31100 -- / 236000 I 
50 TBC SMCL 186 226 
2ARAR MCL ND 

100 TBC 
-- 

10 ARAR 
50 AR4R 

28OOOTBC 
1TBc 

^_ -- 

117 .I 130 1OOARAR 44.2 J 
ND ND ND 0.025 ARAR ND 

PMCL ND ND ND ND 8.3 ARAR ND 
98400 35200 316cMl -- 73300 

MCL 75 ND ND ND 71 ARAR 4.8 B 
MCL ND 28.7 ND ND 2.3 ARAR ND 

Notif. Level 2670000 152fKHl 31900 -- 2E+O6 
PMCL 

/ 
ND ND ND ND 6.3 ARAR NDJ 

-r-n... WT. I .I_ .I_ ..- .I_ .7- I 
vanacuum 
Zinc 
Boron 
Cyanide 

Gross Alpha7 
Gross Beta 

20 It5Ic U>Cl’A HA NU 

moo TBC SMCL l&I 7.6 BJ 
600TBC USEPA HA 5oooo 1300 
2ooARAR MCL NDJ NDJ 

RADIOLOGXXL CONSmZr& 
STBC 1 Screening Level [ 223.9 0.0 

50 TBC I Screening Level 1 134 33.2 

NU 
8.4 

IIM 
BJ 

I 

t 

NU 
17.6 BJ 

1AlM 

-- 

86AR 
-- 

NU 
14.6 B 

m 
J =I 

- &-” . .-- _,---- 

NDJ ) NDJ l.OARAR 1 NDJ 
NTS (pCi,tL) 

2.6 
24.4 t 

8.6 
0, ? I 

-- 

NOTES: 
1) ARARwTBC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 for further explanation). Shaded numbers exceed ARAR,‘TBC values 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 
3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 
5) Radiological constituentvalues have an assigrrd +/- range due to sample interference. 
6) The acronym adjacent to the ARAIWBC value indicates the source of the value. Refer to Table 4- 2 or glossary for further explanation. 

7) These values are based on CTDOHs MCLs which are lower than USEPA MCLs. CTDOHS may at some future time nvise thkr MCLs to correspond to U.S. EPAs. 



Trichloroethene and tetrachloroethene, present in some soil samples and soil gas samples, were 
not detected in the ground water. A trichloroethene degradation product, 1,2 dichloroethene, 
was present at the highest concentrations in the downgradient wells 8MW2S and 8MW3S. No 
VOCs were present in surface water sample 8SWl. 

Low levels of SVOs are present in the ground water, the highest concentrations at 
downgradient wells 8MW2S and 8MW3S. Primarily the more soluble PAHs, including 
naphthalene, fluorene, phenanthrene and other SVOs (phenols, dibenzofumn) were present. 
Naphthalene concentrations in 8MW2S and 8MW3S exceed the TBC value of 20 ppb, which is 
an USEPA health advisory value. Huorene and phenanthrene concentrations in wells 
8MW2S, 8MW3S, and 8MW4S exceed the TBC value of 0.0028 ppb which is based on the 
CTDEP WQS for ingestion of water and aquatic organisms. No pesticides or PCBs were 
present in the ground water. No SVOs, pesticides, or PCBs were present in the surface water 
sample 8SW 1. 

The inorganic results indicate secondary MCLs were exceeded in all wells including 
sodium, iron, and manganese. Iron and manganese was present at consistent concentrations in 
all wells. Because there was not a true upgradient background well, it cannot be determined 
whether the levels are related to background or onsite waste disposal. The only primary MCL 
exceeded was for barium in 8MW4S, the most upgradient well. Boron exceeded the TBC health 
advisory value in all wells, and 8SWl. Based on analytical data from offsite residential well 
analysis, the boron levels appear to be a background condition. Furthermore, the surface water 
sample was quite high, and this appears to have effected the boron concentration at 8MWlS. 
This is due to the interaction of ground water and river water based on tidal fluctuation. 

Gross alpha radiation screening values were exceeded in 8MWlS and 8MW4S. Gross 
beta radiation screening values were also exceeded in 8MWlS. These elevated readings could 
be the result of naturally occurring radioisotopes which do not meet the gross screening criteria. 
Further laboratory analysis is required to determine if these levels are associated with naturally 
occurring radioisotopes. 

In summary, the levels of VOCs and SVOs in the soils are having some impact on 
ground water quality (some slightly above ARARs/TBCs), but overall the concentrations are 
relatively low. The elevated inorganics in soils, principally arsenic, cadmium, chromium, lead 
and mercury, are not adversely impacting ground water quality. 

4.8 Over Bank Disposal Area (OBDANE) 

The field investigation program at this site consisted of surface soil sampling and 
analysis. 

Five (5) surface soil samples were collected for analysis from this site, from two sample 
locations, to screen for potential releases from several discarded fiber drums. Sample locations 
are depicted on Figure 4-9. The site analytical program for the surface soil samples is 
summarized in Section 2.0, Table 2-5. 
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Surface soil analytical results are summarized in Table 4-16. Sample 14SS2D contained 
tetrachloroethene at 2 ppb, below the TBC value of 5 ppb. Field measured organic vapor 
readings above background levels were recorded at 14SSlD, however, no VOCs were detected. 
No staining was observed in the soil samples collected. No SVOs, PCBs or pesticides were 
detected in sample 14SS3C, a composite of 14SSlS and 14SS2S. Samples analyzed for metals 
by TCLP methods did not exceed TBC values. No inorganic compounds exceeded established 
background levels. 

The analytical results do not indicate any significant releases of contaminants at the site. 

4.9 Spent Acid StoraPe and Dimosal Area 

4.9.1 Subsurface Soil 

Seven subsurface soil samples were collected to screen for potential releases of battery 
acids from the subsurface tank. The samples were collected from three test borings adjacent to 
the tank and one sample (15SSl) was collected from gravel placed in the tank which has been 
capped with a concrete surface. Test boring locations are shown on Figure 4-10. The site 
analytical program for the subsurface soil samples is summarized in Section 2.0, Table 2-5. 

Subsurface soil analytical results are summarized in Tables 4 17 (organics) and 4-18 
(inorganics). The soils showed no visual evidence of contamination. Field measured organic 
vapor levels in the soils were detected at levels slightly above background in all borings. 
Sample 15TB3 was the only sample analyzed for volatile and semi-volatile organics, and 
contained ethylbenzene (3 ppb), xylene (26 ppb), fluoranthene (39 ppb), and pyrene (76 ppb). 
These parameters have no ARAR/TBC values, but the concentrations are considered low, and 
are probably indicative of low levels of petroleum hydrocarbons. Sample 15TB3 was also 
analyzed for pesticides/PCBs, and none were detected. The sample was rejected by data 
validation procedures, however, the data is still considered usable. This is because the sample 
was extracted within the holding time, but not analyzed within the specified time. Once 
extracted, the chemicals should be stable. 

All soil samples collected exceeded TBC levels by TCLP analysis for certain metals. 
Lead was the most elevated metal detected and was present above TBC levels for all samples 
except 15TB2 (4-8’). Samples 15TBl (O-4’), 15TB2 (O-4’), 15TB3 (O-4’) and 15SSl (l-2’) all 
exceeded RCRA TCLP levels and are classified as a RCRA characteristic hazardous waste. 
Lead is associated with battery acid waste. Only zinc slightly exceeded established background 
levels at 15TB3, the only sample analyzed on a mass weight basis for inorganics. This sample 
did not contain the highest metal concentrations for TCLP analysis, and is not considered 
representative of inorganics on a mass weight basis. 

Soil pH values are summarized on Table 2-5 in Section 2.0. Soil pH values at 15TB2 
were in the 4.5 range. The elevated levels of lead and low pH values substantiate that a release 
of battery acid likely occurred. The most elevated levels of lead, classified as a RCRA 
hazardous waste, were found in the O-4 foot depth interval. 

-w 
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TABLE 4-16 
OBDANE 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (ORGANICS AND INORGANICS) 

SAMPLE ID: 1 14SSlS 1 14SSlD ( 14SS2S / 14SS2D ) 14ss3c 
G 
tp 

PARAMETER TBC DEPTH (in): 1 O-6 12-18 1 O-6 12-18 1 O-6 
TCL VOLATZLE ORGAMCS (ppb) 

Tetrachloroethene 5 NA ND ND 25 NA 
Total Volatile Orgaoics 2 

TCL SI.ZMI- V0LATIL.E ORGANICS (ppb) 

1 Antimony 2.95 NA NA NA NA NDR 1 
Arsenic 31.5 NA NA NA NA 1.3 B 
Barium 1600 NA NA NA NA 30.4 B 
Beryllium 3.52 NA NA NA NA 0.25 BJ 

1 Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 

7 NA NA NA NA 1.2 I 
32300 NA NA NA NA 1530 
223 NA NA NA NA 7.3 
39 NA NA NA NA 3.3 B 
102 NA NA NA NA 8.7 J 

1 Iron 115000 NA NA NA NA 1 7320 I 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 

53.2 NA NA NA NA 16 J 
26500 NA NA NA NA 1870 
3790 NA NA NA NA 199 
0.51 NA NA NA NA ND 
76.7 NA NA NA NA 6.5 B 

12000 NA NA NA NA 1130BJ 
1.79 NA NA NA NA 0.52 BJ 

5 NA NA NA NA ND 
51800 NA NA NA NA ND 

5 NA NA NA NA ND 
271 NA NA NA NA 12.9 

Zinc 
Boron 

178 NA NA NA NA 25.5 J 
109 NA NA NA NA ND 
-- NA NA NA NA Nn 



TABLE 4- 16 (continued) 
OBDANE 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS AND INORGANICS) 

PARAMETER 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

TBC 

0.05 
1 

0.01 
0.05 
0.05 
0.002 

SAMPLEID: ) 14SSlS 1 14SSlD 1 14SS2S 1 14SS2D 1 14SS3C 
DEPTH fin): 1 O-6 12-18 I O-6 12-18 / O-6 

TCLP METALS (ppm) 
ND NA ND NA NA 
0.1 J NA 0.11 J NA NA 

0.0079 NA ND NA NA 
ND NA ND NA NA 
ND NA ND NA NA 
ND NA ND NA NA 

NA NT-l NA NA 

NOTES: 
1) Vindicates applicable cx relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 42 for further explanation). Background values are discussed in Section 

P 
4.3. Shaded numbers exceed TBC or background values. 

s 
2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 22 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected for volatile arganics, semi-volatile organics, or pesticides/FCBs are listed above, all others were not detected. 
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TABLE 4-17 
SPENT ACID STORAGE AND DISPOSAL AREA 

SUMMARY OF SUBSURFACE AND SURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLEID: 1 15TBl 1 15TBl 1 15TB2 ) 15TB2 1 15TB3 1 lSTB3 / 15SSl 

PARAMETER 1 TBC 1 DEPTH (ft): 1 o-4 1 4-8 1 o-4 1 4-8 ( o-4 ( 4-8 / l-2 

TCL V0LAlZ.E ORGANICS (ppb,’ 

Ethylbenzene -- I NA 1 NA 1 NA ( NA ( NA 35 1 NA Xvlene (total\ -- 1 NA 1 NA 1 NA 1 NA 1 NA 1 26Y 1 NA I 

Total Volatile Orgaoics 

Noncarciaogeaie PAH 

TCL SEMI-VOLATLLB ORGANICS (ppb} 

j 29 

Fluoranthene -- NA NA NA NA NA 39 J NA 

Pyrene -- NA NA NA NA NA 76 J NA 

Total Noncarcinogenic PAH 

TCL PESTICIDESs/pCBs (ppb) 

TCL Pesticides/PCBs 1 - - 1 NA 1 NA ( NA 1 NA 1 NA ( NDR I 

NOTES: 
1) -BC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 for further explanation). 

Shaded numbers exceed TBCvalues. 

2) Assigned letters adjacent to numericalvalues are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are fisted above, all others were not detected. 

I 

c 11 
I ,, 



TABLE 4- 18 
SPENT ACID STORAGE AND DISPOSAL AREA 

SUMMARY OF SUBSURFACE AND SURFACE SOIL ANALYTICAL DATA (INORGANICS) 

PARAMETER 
BACK- SAMPLE ID: / 15TBl I 15TBl I lSTB2 / 15TB2 / lSTB3 ) 15TB3 1 15SSl 

GROUND DEPTH (ft): 1 o-4 4-8 o-4 4-8 o-4 4-8 I 1-2 

NOTES: 
1) ARARsmBC indicates applicable or relevant and appropriate requirements;TBC indicates to beconsidered values (refer to Section 4.2 for further explanation) 

Background values are discussed in Section 4.3. Shaded numbers exceed TBC or background values. 

2) Assignedletters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected,less than detection limit. Refer to Section 2.2 for futther explantion. NA indicates not analyzed. 

5) * indicates RCRA characteristl: hazardous waste level of 5 ppm exceeded. 



4.10 Former Gasoline Station 

The field investigation at this site consisted of a soil gas and geophysical survey. Test 
borings and subsurface soil sampling and analysis were also conducted. 

4.10.1 Geophvsics 

GPR data were acquired at the former location of a gasoline station. Grid survey points 
for the geophysics and soil gas surveys are shown on Figure 4-l 1. A complete discussion of 
the geophysics investigation is provided in a separate bound report. 

Numerous point targets were noted on GPR recordings from this area, indicating either 
many pipes/conduits or boulders. One anomaly indicative of a tank was observed in the vicinity 
of the former tank locations. Near this location, GPR reflectors possibly indicative of 
backfilling were noted. The general area of disturbed soils fits the suspected location of 
suspected underground storage tanks. Based on the GPR results alone, it appears that only one 
of the tanks is still in the ground, in the approximate location of the center tank. 

4.10.2 Soil Gas 

A total of eleven soil gas sample points were analyzed, all under the road pavement. 
Sample locations and results are indicated on Figure 4-12. All samples results indicated no 
volatile organics with the exception of SG-11 near the gas tank area. It contained low levels of 
toluene and trace levels of benzene. This corresponds to the finding of benzene in the soil at 
18TB2, which is adjacent to SGll. -4 

Complete soil gas data is provided in Appendix A. 

4.10.3 Subsurface Soil 

Five subsurface soil samples were collected from five test borings to screen for potential 
releases from the former gasoline station. This includes potential releases from underground 
pipes, fuel storage tanks, and releases from vehicle maintenance activities. Test boring locations 
are shown on Figure 4-13. The site analytical program for the subsurface soil samples is 
summarized in Section 2.0, Table 2-5. 

Subsurface soil analytical results are summarized in Table 4-19. Only sample 18TB2 
(12-14’ depth) located adjacent to the gas tank location, contained VOCs. Tricbloroethene (2 
ppb) and benzene (1 ppb) were detected at or below TBC values. Field measured organic vapor 
readings above background were detected at all boring soil samples except 18TB4. Visual 
evidence of soil contamination was only observed in 18TB3, where a small area of stained soil 
was noted. It is noted that none of the borings encountered the ground water table where 
petroleum hydrocarbons can accumulate. 

Soil samples 18TB1, 3 and 4 contained arsenic based on TCLP analysis at concentrations 
in excess of TBC values. Metals more commonly associated with service stations (cadmium and 
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TABLE 4- 19 
FORMER GASOLINE STATION 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS AND INORGANICS) 

SAMPLE ID: 1 18TBl 18TB2 18TB3 18TB4 18TB5 
PARAMETER TBC DEPTH (ft): 1 8-10 12-14 14- 16 16-18 lo- 12 

XCL VOLA TIE.5 OH GANIC.3 (ppb) 
Trichlcroethene 5 ND 25 ND ND ND 
Benzene 1 ND 1J ND ND ND 

Total Volatile Or~aniu 3 

1 Cobalt 39 3.6 B 3.9 B 2.5 B 2.8 B 3.8 B 

Mercury 
Selenium 

0.002 ND ND ND ND ND 
0.01 ND ND ND ND ND 

6.8 J 10.2 J 1.4 J 6.3 J 6.6 J 
/ 5080 J 5480 4610 4920 j 4990 

Lead 53.2 3.3 J 6.1 J 25 1.6 J 1.7 J 
Magnesium 26500 1310 1320 1070 1290 1410 
Manganese 3790 113J 105 J 192J 83.1 J 107 J 
MemlIy 0.51 ND ND ND ND ND 
Nickel 16.1 5.3 B 5.4 B 6.4 B 5B 5.2 B 
Potassium 12000 842 B 913 B 880 B 1050 789 B 
Selenium 1.79 ND ND ND ND ND 
Silva 5 ND ND ND ND ND ~ 
Sodium 
Thallium 
Vanadium 

51800 108 BJ 142 BJ 124 BJ 101 BJ 146 BJ 
5 ND ND ND ND ND - 

271 8.3 B 9.1 B 6.9 B 1.5 B 8.6 B 
Zinc 178 
Boron 109 
Cyanide -- 

Arsenic 0.05 
Barium 1 
Cadmium 0.01 
Chromium 0.05 
Lead 0.05 

12 J 17.9 J 
ND ND 

NDJ NDJ 
TCLP METALS (ppm) 

0.16 ND 
0.18 0.3 

ND ND 
0.027 0.015 

ND ND 

11.8 J 12.6 J 12.9 J 
ND ND ND 
NDJ NDJ NDJ 

0.12 0.11 ND 
0.25 0.16 0.15 
ND ND ND 

0.023 0.017 0.01 
ND ND ND 

NOTES- A 
1) AR&WI% indicztes applicable oc relevant and appropriate requirements; TEK indicatesto be considered values (refer to section 4.2 for further explanaion) Backgroundvaluerare discusses in Section 

4.3. Shaded numbers exceed TBC oc backgrwodvalua 

2) Assigned Idten adjacent to numaicalvaluesare data qualifies Refer to Se&x 211 fa futha explanation 

3) ppb indicaes accncertratioo d parts pa billion; ppm is pats pa million 

4) ND means na detected, lestban detection liml Referto Section 22 fcr futha explanation. NA indicaa nb analyzed 

5) Onlyth parameters detkted fcrvdatile crganicq semi-vdatile aganics, OT pcsticidez.PCBs are liaed 9’ &bars were na detected. 



lead) were not detected by TCLP analysis and were present at low concentrations by metals mass 
analysis. No metals exceeded established background levels, based on mass weight analysis, 
including arsenic, which was present at relatively low levels consistent with arsenic 
concentrations at other sites. Therefore, the arsenic TCLP values are not considered significant. 

The presence of low levels of VOCs in one soil sample in combination with field 
measured organic vapor readings in four of five soil samples indicates that some small releases 
of petroleum have occurred at the former gasoline station site. However, no constituents were 
detected in the subsurface soil above TBC values. 

4.11 Area A 

The results of the investigation of Area A are discussed in three sections; Area A 
Landfill, Wetland and OBDA/Downstrearn Watercourses. 

The Step II investigations of Area A consist of a radiation, geophysical, and soil gas 
survey within the former landfill only. Test borings, ground water monitoring wells, and soil, 
surface water and ground water sampling and analysis were conducted throughout Area A. 
Also, offsite residential wells in the vicinity of Area A were also sampled and analyzed as part 
of the evaluation. 

4.11.1 Area A Landfill 

4.11.1.1 Radiation 

The following is a summary of the radiation survey results. The Radiological Assessment 
Report is provided as a separate bound report. Grid survey points for the radiation, geophysical 
and soil gas surveys are shown on Figure 4-14. 

Out of 1,272 measurements taken in the Area A Landfill, fifteen survey points were 
found to have gamma readings equal to or greater than 20 @/hr. These points were 
investigated further to determine the origin of the radiation in excess of background. 

Location 8.5-E showed 21 $/hr at waist level and 19 @hr in contact with the ground. 
These levels were traced to a natural rock outcrop in that area. Most rock in New England 
contains some traces of naturally-occurring uranium, radium, and thorium; finding individual 
rocks or rock formations with detectable amounts of radiation is not at all unusual and is not 
indicative of any radioactive contamination. 

The following 12 survey points were all located in the section of the landfill containing 
sandbags piled on wooden pallets near the west side of landfill adjacent to the dike: 11 S-A/B, 
11.5-B, 11.5-B/C, 11.5-C, 12-A/B, 12-B, 12-B/C, 12.5-B, 13.5-B, 13.5-B/C, 13.5-C and 14- 

B/C. The readings at these points ranged from 14 ,&/hr (location 12.5-B at waist level) to 30 
,&hr (11.5-B/C on contact with the ground). 

d- 
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When technicians returned to perform follow-up surveys at these locations, the sandbags 
within an approximately 40 foot diameter around survey points 11.5-B/C had been removed. 
Gamma readings at this point were 15 PWhr contact with the ground, in sharp contrast to the 
previously-recorded 30 @./hr. This indicates that the slightly elevated readings in this area are 
caused by the sandbags (sand, like rock, may contain trace amounts of naturally-occurring 
radioactive materials). To further test this theory, a gamma measurement of 24 @/hr was taken 
on the ground at location 12-B/C (within the sandbag area). The sandbags were then removed 
from an approximately five foot diameter around this survey point. This reduced the radiation 
level to 19 pR/hr. This is further evidence that the slightly elevated gamma readings were 
caused by the sandbags. No gross beta or alpha radiation in excess of background levels was 
detected. 

Four samples of sand (from locations 11.5-B/C, 12-B/C, 13.5-B/C, and 14-B/C) were 
collected for analysis. The analysis results indicate that there is some small amount of 
radioactive material in the sand, probably naturally-occurring. The four samples were then 
combined and sent to the N.D.L. Organization, Inc. for a more precise analysis. This analysis 
consisted of a gross alpha count, a gamma spectrum analysis for isotope identification, and a 
determination of specific activity. The analysis showed that only naturally occurring 
radionuclides were present; no contamination was indicated. 

5. 

The other locations within the sandbag area showing slightly elevated gamma levels (and 
the areas around them) were re-surveyed, and no specific “hot” area could be located; the entire 
sandbag area showed a tendency towards slightly elevated readings. Based on all of the 
measurements described above, we conclude that the sandbags themselves are the source of the 
nominally higher gamma levels, and not any man-made contamination or buried radioactive 
materials. 

Location 13.5-F showed 19 ,!.R/hr at waist level and 28 ~Whr on contact with the 
ground. This measurement was taken near a pile of cut granite which was determined to be the 
source of the elevated readings. Gamma measurements taken from within the rock pile showed 
55 @/hr; after removing the rocks from an area approximately 16 inches in diameter from that 
location, the center showed only 25 @/hr, a reduction of 30 ~Whr. Gross beta measurements 
from within the rock pile showed 120 cpm; the area where the rocks were removed showed only 
80 cpm (background). Granite is especially notorious for containing naturally-occurring 
radioactive materials. We are therefore confident that the elevated levels in this location are 
emanating from the rock pile and not from any buried radioactive material. 

Location 27-E/F showed 20 @/hr at waist level and 19 @/hr in contact with the 
ground. This measurement, however, was taken at the base of a very large rock outcropping, 
and was apparently caused by naturally occurring radioactive materials within the rock. 

4.11.1.2 GeoDhvsics 

--- 
A combination of GPR, magnetometry, and EM terrain conductivity were accomplished 

at the Area A Landfill. Grid survey points are shown on Figure 4-14. The complete 
geophysical report is provided as a separate bound report. 
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GPR Results 

GPR data collection at Area A was limited to locations where the GPR antenna could 
access the ground surface. Regions excluded from the GPR survey include the sandbag storage 
piles and locations cluttered with surface metal objects. Most GPR data from Area A is 
characterized by numerous mottled reflectors commonly indicative of fill materials. 

Continuous GPR reflectors noted near Lines 40 through 46 may represent the bottom of 
relatively clean fill which appears to be underlain by landfill materials. The thickest sections 
of the inferred “clean” fill is near Line C.5, Station 46.5 and Line 45.5, Station D.5. Note that 
C.5 indicates one-half distance between C and D, and similarly for 46.5. 

Numerous individual objects were noted on the GPR recordings. Two objects are 
particularly large and located near Line E, Station 25.9 (approximately five feet deep) and Line 
33, Station B. 8 (approximately seven to eight feet deep). 

Magnetic and EM Conductivity Results 

The region west of Line 13.5 exhibits little magnetic variation, indicating that no 
significant ferrous objects are buried there. This region is therefore likely to be outside the 
disposal limits. 

Buried metal objects may be located east of Line 13.5, as indicated by numerous 
magnetic variations. The most significant magnetic anomalies are listed below in decreasing 
order of priority: 1) 20 feet south of survey point 17C, 2) 5 feet north of survey point 15D, 3) 
at Line 13.5, 10 feet south of Station C, and 4) 25 feet south of survey point 18B. 

P, 

, 

A lack of EM conductivity anomalies were recorded at the northwest corner of the survey 
area, similar to the magnetic data discussed above. High conductivity values (up to 
approximately 300 mmhos/m) in the eastern portion of the survey area may be due to either salt 
or landfilled materials. EM data indicates anomalies located at Line 13.5, 10 feet south of 
Station C and at survey point 16C. 

Both magnetic and EM conductivity data show a northwest anomaly trend located east 
of the deployed parking area (15 feet east of survey point 37E). 

EM conductivity values throughout the easternmost portion of Area A Landfill (adjacent 
to Racquetball Center) are not as high as observed in other portions of Area A (up to 80 
mmhos/m), but could still represent limited landfag. 

4.11.1.3 Soil Gas 

A total of 160 soil gas points were analyzed as shown on Figure 4-14. 

Trace to low levels of l,l-dichloroethene, trichloroethene, and tetmchloroethene were 
noted in scattered soil gas points across the site. Chlorinated solvents were found in a few 
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scattered soil samples but at low levels. Low levels of some solvent compounds were detected 
in ground water at 2LMW13D as subsequently discussed. 

Thirty-two (32) moderate to high soil gas results were recorded, containing many 
unknowns with occasional associated benzene, toluene, and xylenes. All of these chromatograms 
were similar and suggest a petroleum product. The fact that most of these points were located 
within the deployed parking area raises the question of whether the contamination is the result 
of leaks from the many parked cars in this unpaved area. Petroleum hydrocarbons, primarily 
xylenes, were detected in soils at 2LTB2, 2LMW17S, and 2LMW18S, as subsequently 
discussed. These are in the general vicinity of many of the elevated soil gas measurements. 

Figure 4-15 depicts relative concentrations of soil gas VOC concentration for the site. 
Complete soil gas data tables for this site are provided in Appendix A. 

4.11.1.4 Subsurface and Surface Soil 

--- 

Twelve subsurface soil samples were collected from eight test boring/monitoring well 
locations at this site. Two surface soil samples were also collected and analyzed. The goal of 
the soil sampling program was to assess the extent of soil contamination within the landfiu. No 
previous testing was conducted within the landfill area. Sample locations are shown on Figure 
4-16 and Plate 4- 1. The site analytical program for the soil samples is summarized in Section 
2.0, Table 2-7. 

As discussed in Section 3.0, landfill materials were encountered during drilling generally 
to an average depth of lo-12 feet, which was in most cases underlain by dredge sediments 
associated with the Area A wetland. Landfill materials encountered were small amounts of 
glass, brick, wood, plastic, and ash, intermixed with sand and gravel material used as cover. 

Surface soil analytical results are summarized in Tables 4-20 (organics) and 4-21 
(inorganics). Subsurface soil analytical results are summarized in Tables 4-22 (organics) and 
4-23 (inorganics). Figures 4-17 and 4-l 8 provide bar graphs of total VOC/SVO and 
pesticide/PCB concentrations in soil, respectively. The bar graphs are oriented generally from 
the west side to the east side of the former landfill to illustrate spatial distribution of chemical 
concentrations. Sample point 2WMW3S was included with the landfill bar graph due to its 
location within the eastern limits of the former landffl. Soil sample 2WMW3S (16-18 feet) was 
collected from the underlying wetland dredge sediments, all others were collected from landfii 
materials. Samples collected below the 6-8 foot depth are generally at or below the water table. 

Volatile Omanics 

VOC concentrations in the subsurface soil within Area A landfii are generally low. No 
TBC values for VOCs in soil samples were exceeded. The highest VOC concentrations in 
subsurface soils were detected at 2LTB2 (2-8’) where xylene was detected at 690 ppb. This 
sample location corresponds with an elevated soil gas reading detected at this location. Xylene 
was also detected at 2LMW17S (4-8’) at 229 ppb and at 2LMW18 (2-6’) at 180 ppb. Both these 
locations are in the deployed parking area. In general, no substantially elevated organic vapor 
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TABLE 4-20 
AREA A LANDFILL 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (ORGANICS) 

PARAMETER 

Methylene Chloride 
2-Butanone 
Trichloroethene 
Tetrachloroethene 

Chlorobenzene 
Ethylbenzene 
Xylene (total) 

Nonuueinogenic PAH 
Phenanthrene 
Fluoranthene 

TBC 1 SAMPLEID: 1 2LSSl I LLbbL 
TCL VQLATLU? OR&WIGS (ppb) 

25 ND 35 
1000 ND 25 

5 ND 25 
5 ND 4J 

-- 4500 43 J 
-- 14000 2J 
-- 1 75ooo Y 

Total Volatile Orgaoics 93500 
TCL SEMI-VOLATlLE ORGANICS (ppb) 

-- 66J 
-- 160 J 

JY 4 
I 60 - 

ND 
ND 

Probable (2vcinogenic PAH 
Benzo(a)anthracene 
Chrysene 
Banzo(bVluoranthene 

Pyrene -- 110 J 1100 J 
Total Noncarcinoeenic PAH 336 1100 __-- 

-- 130 J ND 

-- 
160 J ND 
220 J ND 

Benzo(k)fluoranthene -- 96 JY ND 
Total Probable Carcinogenic PAH 606 

TCL PESTCIDES/PCBs (ppb) 
44’DDT 500 71 XJ 2300 DJ 
Endrin Ketone -- ND I 570 D 
Aroclor 1260 

TCLP Pesticides 

10000 350 XJ 12000 DX 
TCLP PESTCIDES (ppb) 

-- ND ND 

NOTES: 
1) ARA&TEC indicates applicable OT relevant and appropriate requirements; ll3C indicates to be considered values (refer to Section 42 fcr further explanation). Shaded numbers 

exceed TEK! values. 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per tilfion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 22 for further explanation. NAindicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-21 
AREA A LANDFILL 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (INORGANICS) 

PARAMETER 1 BACKGROUND 1 SAMPLEID: 1 2LSSl 2LSS2 

Boron 
Qanide 

PARAMETER 
Arsenic 
Barium 
Cadmium 

Chromium 
Lead 
Mercury 
Selenium 

Silver 

I 109 I I ND I ND 
-- ND ND 

TCLPMETALS(ppnt) 
TBC 
0.05 ND ND 

1 0.37 J 0.27 J 
0.01 0.037 0.0077 

0.05 ND ND 
0.05 ND ND 

0.002 ND ND 
0.01 0.006 J 0.002 J 

0.05 ND R ND R 

Y 

5 

NOTES: 
1) ARARwTBC indicates applicable of relevant and appropriae requirements; TBC indicates to beconsidered values (referto Sections 4.2 and 4.3 for further explanation). Shaded numbers exxed 

h) TEIC or background values. 
2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 
3) ppb indicates a concentration of pads per billion; ppm is patis per million. 
4) ND means not detected, less than detection limk. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 
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TABLE 4-22 

AREA A LANDFILL 
w SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA IORGANICSl 

\ I 

E 
SAMPLEID: (2Lruw7s l2rxwss 12Lhfw9s 12Lrbfw9s ~LMW~~S~L~~~~~~L~~~~S~LM~~~~~L~W~~S~LMWI~S~LMW~~S~ ~LTB~ 

PARAMETER TBC DEPTH(R): 1 7-10 1 6-10 / O-4 1 2-8 1 2-4 I 6-8 1 5-7 1 0-2 I 4-8 1 0-2 1 2-6 1 2-8 

Methylene Chloride 1 1 ) 1 

TCL VOLATILE ORGANICS (ppb) 

25 ND ND 1 ND 1 ND ND ND 1 ND 1 ND / ND 1 ND 1 1J / ND 

Acetone -- ND ND 1 ND ND 96 B 70 B 1 ND 1 ND 1 ND ND 58 B 250 J 

2 I Carbon Disulfide Lm -- I 1 ND ( ND 

Toluene 1000 ND 11 BJ ND ND ND ND ND ND ND ND ND 61 

Ethylbenzene -- ND ND ND ND ND ND ND ND 29 ND 15 68 J 

Xyiene (total) -- ND ND ND ND ND ND ND 45 200Y ND 180 Y 690 JY 

Total Volatile Organics 11 96 70 35 4 229 271 1014 
P 

2 

TCL SEMI- V0tATIL.E ORCMNICS (ppb) 

Noncarcinogenic PM 

Naphthalene -- 

2-Methylnaphthalene 

Acenaphthene 

Fluorene 

Fluoranthene -- 170 J 1 780 

Pyrene -- 200 J 550 970 J 6805 ND ND / ND 1 57 J ND 140 J 820 J ND 

Total Noncarcinogenic PAH 510 2623 2030 1660 106 336 3130 2160 

kkobable Carcinogex& PAH ,’ 

Benm(a)anthracene -- I 99 J 1 290 J 1 570 J 490 J ND 1 ND ( ND 1 ND 1 ND 1 97 J 370 J ) ND 

Chrysene -- 100 J 380 J 460 J 460 J ND 1 ND 1 ND 1 37 J ND 120 J 350 J ND I 
Benzo(b)fluoranthene -- 70 JY 260 JY ND 280 JY ND ND ND ND ND 130 JY ND ND 

Benzo(k)fluoranthene -- 120 JY 210 JY ND 560 JY ND ND ND 57 JY ND 84 JY ND ND 

Benzo(a)pyrene -- ND 250 J ND ND ND ND ND 46 J ND ND 310 J ND 

Benzo(g,h,i)perylene -- ND ND ND ND ND ND ND 44 J ND ND ND ND 

Total Prohahle Ckcinovenic PAH 1x9 1 wn 1nlll i74n 1Rd AZ, I nxn 

I ‘! I c : II l i II 



TABLE 4-22 (continued) 
AREA A LANDFILL 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

P 
3 

NOTES: 
1) ARARsmBC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 for funher explanation). Shaded numbers exceed TBC values 

2) Assignedletters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates aconcentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-23 
AREA A LANDFILL 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

I BACK- 1 sAMPlEID: 2LMwssI 2Lhlwas W17S 1 2LMW17S 1 
. 

2LMW18S 1 2LMW18S 1 2LTB2 

7-10 1 6-10 1 0-4 I 2-8 1 2-4 1 6-8 1 5-7 1 0-2 [ 4-6 1 o-2 2-6 1 2-a 

Beryllium 3.52 1 0.25 B 1 0.53 JB 3 
1 Cadmium I 7 I 

Arsenic 

Barhm 

0.05 1 1 U.21 J ] 0.008 
1 I I 

1 ND t 0.2 0.19 0.004 0.18 J 1 0.19 J 0.19 J ND 0.26 J 

ND 0.23 J 1 0.11 J 1 0.12 J j 0.003 1 ND 1 ND 1 ND 1 ND 1 0.14 J 

ND / 0.042 J 1 ND J 1 NDJ / O.OlJ ] ND I ND 1 NDJ 1 NDJ 1 0.011 J 

NOTES- A 
I) ARARsiTBC indicates applicable or relevant nod appropriate rcquicmeots; TBC iodicatcr to be coos&red values (rcfcr to Section 4.2 for further cxplanatioo). Shaded numbers exceed TBC or background values. 

2) Assigned lcttcn adjacent to numcricalvalucrre data qualifiers Rcfa 10 Section 2.11 for further explanation. 

3) ppb indicates a mnccntationof parts per billioa;ppm irpsrtspcr million. 

4) ND means not detected. less than detecth limit. Rcfcr to Scctkw 2.2 for further explanation. 

c t. I I i I 18 
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FIGURE 4-17 - AREA A LANDFILL - SOIL VOC AND SVO ANALYTICAL DATA 
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s 1,000 

‘Z 
!?! 
E 100 

g 

5 
10 

0 

1 

Sample Depth O-2 

Sample Depth 618’ 
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FIGURE 4-18 - AREA A LANDFILL - SOIL PESTICIDE AND PCB ANALYTICAL DATA 
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i- readings or soil staining was noted during drilling. Heavy oil staining was noted at 2LMW8S 
(6-lo’), however, only toluene was detected at 11 ppb. 

Surface soil sample 2LSS 1 contained elevated levels of petroleum hydrocarbons (93,500 
ppb total VOCs). Parameters detected included chlorobenzene, ethylbenzene, and xylene. This 
sample was collected downslope from a stained area on the pavement. 

SVOs, principally PAHs, were detected at relatively low levels in some of the landfill 
subsurface soil samples. PAHs were not detected at sample locations 2LMWl3S and 
2LMWl4S. The lack of PAHs and VOCs at these locations (far west end of landfill) suggest 
that this may be outside of the limit of the landfill, however, the boring logs do indicate fll at 
these locations. SVOs were present at slightly lower levels at the O-2 feet interval, in 
comparison with deeper reporting intervals (Figure 4- 17). 

The results of the SVOs analyses at Area A landffi are significantly lower than at the 
DRMO and Goss Cove former landfill sites. The organic results, in general, do not indicate 
significant disposal of organic chemicals within the Area A landfill. 

PCBs/Pesticides 

Total PCB/pesticide results are shown for the various reporting intervals on Figure 4-18. 

--- No PCBs were detected in the subsurface soils within Area A landfill. Surface soil 
samples 2LSSl and 2LSS2 contained PCB Arochlor 1260 at 350 ppb and 12,000 ppb, 
respectively. The concentration at 2LSS2 is above the TBC concentration of 10,000 ppb. These 
soil samples were collected adjacent to the concrete storage pad where drum storage, PCB 
transformers, and electric switches were once stored. This prior use appears to be the cause of 
the elevated PCB levels. The potential extent of the PCBs in this area could not be defined 
based on the two surface soil sample locations. 

Pesticides were detected at three subsurface sample locations (2LMW7S, 2LMW8S, and 
2LMSVl8S) at Area A landfill. DDT and its derivatives, which were detected at these locations 
are relatively low concentrations and are below TBC values. The pesticides were detected at 
various sample depths. It is unclear if the source of the pesticides were the result of disposal 
in the landfill, or due to past applications. If associated with past applications, which has been 
documented within Area A, the presence at deeper depth within the landfill could be related to 
application at various times during the landfill operation. 

The pesticide DDT (71 ppb) was present at surface soil sample 2LSSl and DDT (2300 
ppb) and endrine ketone (570 ppb) at 2LSS2. The DDT level at 2LSS2 is above the TBC value 
of 500 ppb. 

No pesticides were detected by TCLP analysis procedures in any subsurface or surface 
soil sample, indicating the leachability is low. 
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Inoreanics 

Out .of the 12 subsurface samples analyzed for by TCLP analysis procedures, ten w 
contained one or more metals exceeding TBC values. Metals exceeding TBC values included 
arsenic, cadmium, lead, and selenium. TCLP hazardous waste characteristic values were not 
exceeded for any samples. 

Some inorganic constituents exceeded established background levels based on mass weight 
analysis. These included beryllium (2LMWl SS), cadmium (2LMW8S), lead (2LMW9S, 
2LMWl8S and 2LTB2) and mercury (2LMWl7S). Other metals exceeding background levels 
included copper, nickel and boron. The majority of these elevated metals are likely related to 
a past landfill disposal. 

The arsenic TCLP results are not considered significant when compared to the mass 
weight analysis, which did not exceed background. Based on the dilution used for the TCLP 
analysis, it appears that almost all arsenic is leaching from the samples and, in some cases, in 
excess of the amount indicated by mass weight analysis. Similar conditions exist for the 
cadmium and selenium TCLP results. The lead TCLP and mass weight analysis results have 
a higher degree of correlation. 

In general, the lead and cadmium values are not indicative of the existence of a 
significant source such as reported historical battery acid disposal in this area. Levels of 
cadmium, and particularly lead, were much higher at the Former Acid Storage and Disposal Site 
and DRMO, where battery acid storage tanks existed. Also, test borings 2LTBl through 2LTB7 
were drilled in the western portion of the landfill to screen for past reported battery acid 
disposal. pH values for soil samples were determined at boring locations and were generally 
neutral; only samples from 2LTB2 and 2LTB7 have pH values less than 6.0 (5.5 to 6.0). 
However, as subsequently discussed, cadmium is present above drinking water standards in 
ground water below the landfill. 

4.11.2 Area A Wetland 

4.11.2.1 Subsurface Soil and Sediments 

Thirty-three subsurface soil samples were collected from 12 test boring/monitoring well 
locations at the wetland site. Nine sediment samples were also collected and analyzed. The goal 
of the sampling and analysis program was to assess the extent of soil and sediment 
contamination. Previous analysis of wetlands sediments indicated the presence of VOCs, SVOs, 
pesticides, and metals. Sample locations are shown on Figure 4-16 and Plate 4-l. The site 
analytical program is summarized in Section 2.0, Tables 2-6 (soils) and 2-9 (sediments). 

Subsurface soil analytical results are summarized in Tables 4-24 (organics) and 4-25 
(inorganics). Sediment analytical results are summarized in Table 4-26 (organics) and 4-27 
(inorganics). Figures 4-19 and 4-20 provide bar graphs of total VOCYSVO and pesticide/PCB 
concentrations in soil and sediments at various sample intervals. Sediment results are included 
within the O-2 foot interval. All soil/sediment samples collected within the limits of the wetland 
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TABLE 4-24 

iis AREA A WETLANDS 

c( SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

dY”” , 

-- I ND 1 ND / 31 1 ND 1 NDJ 1 23X 1 32X / 
mone I 1000 I ND ND ND ND ND J 1 ND / 711 I 

1 rlcnlaoelnene , 3 , 

Tetrachlorcethene ( 5 ) 
Benzene 1 1 I 

Total Volatile Orgaoics 

Noecarcipogedc PAW 

I”” L”” I.” I”” I.” .J 

ND ND ND ND 35 NW , N: 

ND ND ND ND NDJ ND 1 3JX] ND 1 ND 1 ND 
107 3 155 1 403 277 1 92 I 91 1 110 

TCL SEMI - VOLA lXE ORGAMCS (wbl 

_-- .-- _-- _-- _-- ..- I _.- 
-- I.” I.” ,.u , L.U , NLJ 1 NIJ I “D N. ND ND 

Phenanthrene -- 120 ND ND 1 N” 1 12ClT 1 NT, 1 .1T. / \r- I .T , A.,” _I , I.Y , I ND ND ND 
Anthracene -- ND ND N” ’ N , ..D / ND j ND 1 i-i: j ii: ND ND ND 
Flucranthene -- 160 ND 351 ND / 18OJ/ 9OJ 1 130 1 1 ND 460 J ND ND _ _---. I 

p 
Pyrene -- 150 ND 85 / ND 1 3205 1 83 J / ;;i ; _-- ” 1 ii , ..D 360 J ND 69 J 

m _ ,.I -----!-----:- “Arr I r-n I I 1, I I L?rl I 171 I -_^ a^- Ir. 

s, ___ --_-_ .-.. ----- tEz’b;““‘” -WPYLC”.Y L-11 

I 
) _ ~~_ ,a anthracene -- 83 J ND 16oJ 120 J Nl3 N 

Chrvsene -- I 11OJ 1 ND 1 ND 1 N 

I-Y 1. I--ll -_--_11.1--- 
, 

Benzo(a)w ene -- 
iii- 

1 ND 1 ND 1 ND 1 ND / ND 1 ND I N 
Indsno(l.2.3-cdhwrene i -- ND 1 ND 1 ND 1 ND 1 ND I ND 1 

-- 
-- ND 1 ND ND I 

$ 
-- I ND I ND 1 ND I ND 1 ND I ND I N 

c: 

2 

G 

8 
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TABLE 4-24 (continued) 
AREA A WETLANDS 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

PARAMETER 
SAMPLE ID: 1 2WTB4 [ 2WTB6 / 2WTB6 1 2WTB6 1 2WTB6 1 2WTB7 1 2WTB7 ) 2WTB7 1 2WTB8 1 2WTB8 1 2WTB8 

TBC DEPTH(ft): 1 O-2 1 O-2 I 4-6 1 15-17 1 20-22 1 O-2 1 4-6 1 IO-12 1 l-3 1 6-8 I IO-12 

PhfbrlafeJ 
bis(2-ethylhexyl)phthalate I -- 1 1 28OJ 1 350J 1 1OOJ 1 ND 1 73BJI ND 1 ND 1 ND 1 1300 1 130J 1 5005 
Qfhr Semi- Vdafile Qrnlaks 
Benz& Acid -- ) 160J 1 13OJ 1 ND 1 ND 1 ND 1 ND 1 ND I ND I ND I ND 1 ND 

TCL PES~CIDES~CBs (ppbl 

4,4’DDE -- 32 XJ NDJ NDJ ND ND ND ND ND ND ND __ ND 
4,4’DDD -- NDJ 69 XJ NDJ ND ND ND ND ND ND ND ND 
4,4’DDT 500 NDJ ND R NDJ ND ND ND ND ND ND ND ND 
PCB Aroclor- 1260 10000 NDJ ND3 NDJ ND ND ND ND ND ND ND ND 

TCLP PESTICILIBS (ppb) 
TCLP Pesticides 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND I ND I ND I ND I ND 

NOTES: 
1) ARARwTEC indicaes applicable a relevant and appropiate requirements; T!3C indicatesto be considered values (refer to Section 4.2 fcr further explanaion) Shaded numbers exceed TBC valuea 

2) Assigned letters adjacentto numericalvaluesare data qualifies Refer to Section 211 fa futha explanation 

3) ppb indicares a ccncenrationd parts pa billion; ppm is parta per million 

4) ND means nd detected, leu than detection limt. Refato section 22 for futher explanation. NA indican nd analyzed 

5) Onlytbe parameter detected are lided above. all &as were nd detected. 



’ BACK- ’ SAMPLE ID: 
PARAMETER 1 GRouNd DEITH fft): 

Aluminum 

Antimony 

Arsenic 
Barium 1600 

TABLE 4-25 
AREA A WETLANDS 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

2WMW3SI 2WMW3Sj 2WMW4SI 2WMWSSj ZWMWSSI 2WMW5SI ZWMWSSI 2WMW6.S / 2WTBl 1 2WTBl 

10-12 1 16-18 1 0-2 1 O-2 I 4-6 1 lo-12 1 13 1 2-4 1 S-10 1 lo-12 

TAL INORGANIC3 (ppr ) 
8300 163OO 4810 11200 J 11700 J 14300 J lo.‘00 J 14100 14500 J 12600 J 

NDJ ND NDR ND ND ND ND NDR ND ND 

2.5 7.8 0.77 B 75 6.4 J 7.6 J 2.3 JB 7.7 J 6.8 9.1 .- 
58.4 49.3 B 27.4 B 45.73 37.9 B 48.4 B 31.4 JI3 45.6 BJ 43.7 B 40.8 B 

1.6 JB 1.9 J 1.2 JB 0.57 BJ 0.52 BJ 0.5 BJ Bel@ium 3.52 0.55 B 0.4 B 0.92 B NQ 1 1.2 JB ) 

Cadmium 7 6.9 4.1 8.5 

Calcium 32300 1170 J 1630 J 3500JLm 

Chromium 223 20.5 J 15.9 J : 

Cobalt 39 8.5 B 

Copper 102 26.1 J : 

Iron 115000 14200 11400 1 26800 1 6540 1 21500 / 21600 1 26100 1 10800 28000 J 1 26800 1 26100 

1.2 4.7 5.4 6.6 2.7 4.5 J ND ND 

758 BJ 1230 n-3 4180 J 3680 J 1190 JB 1450 BJ 5740 12900 

57.9 J 5.9 J 57.1 34.6 56.5 22.7 St J 41.8 39 

7 B 1 9.7 B 4.5 B 7.3 B 9.4 B 12.2 B 10.3 B 7 BJ 10.9 B 10.6 B 

LO.4 J j 17.8 J 6.7 J 38.5 15.7 36 11.6 31.1 J 18.3 J 19.5 J 

Selenium 1.79 / ND j ND j ND 1 0.7Bl NI) j ND 
Silver 5 / 

51800 118 JB 252 JB =60--~~ i 
5 ND ND 

271 33.2 21-- ‘ 

Sodium 
Thallium 

Vanadium 
zinc 178 

Boron 109 
Cvanide -- 

PARAMETER 1 TBC i 
Arsenic 1 0.05 1 

ND / ND 1 --NDJ 

152 BJ 957 JB 4470 J 309OJ 1340 J 169 BJ 4750 4410 

ND ND ND ND ND ND ND ND ND 

13.3 9.8 B 48.9 J 50.1 J 59.7 J 30.5 J 42.4 39.9 J 37.6 J 

57.7 J j 99.8 J 19.6 J 54.6 J 60.6 J 93.9 J 38.5 J 59.7 J 71 J 70.3 J 12SJ : 

71 ND 1 2600 1 ND t S3OJ 1 2.200 1 2600 I 250 1 IO3 1 2720 1 2820 

ND ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND ! ND 1 ND 

TCLP METALS (ppr) 

1 0.22 1 0.21 1 0.23 1 ND ND / 0.0087 1 0.0024 ND ND 1 0.0099 ( 0.0096 

Cadmium 

1 c I d II 



TABLE 4-25 (continued) 
AREA A WETLANDS 

SUMMARY OF SUBSURFACE SOIL AErALYTICAL DATA (INORGANICS) 

SAMPLEID: 1 2WTBl 1 2WTBl 1 2WTB2 ( 2WTB2 1 2WTB2 1 2WTB2 1 2WTB2 1 2wTB3 I 2WTB3 2WTB3 1 2Wl-B3 



PARAMETER 1 GROUNK 
1 BACK- I- SAMp ‘LE ID: 1 2WTB4 1 2Wl rB6 1 2WTB6 1 2WTB6 1 2WTB6 1 2WTB’l 2WTBl 

1 1 
1 1 2WTB7 I 2WTB8 

1 1 
1 2WTB8 1 2WTB8 

DEPTH fftl: O-2 O-2 4-6 15-17 1 20-22 1 O-2 1 4-6 1 lo-12 1 l-3 1 6-8 1 10-12 
TXL INO~GANICS (pp& 

Aluminum 272000 1 1 15300 J 1 16800 J 1 12500 J 
1 

12000 J 10.5 
&ntimony 2.95 1 1 ND 1 

1 I 
ND 1 ND 

I- 1 14700J 1 119OOJ 1 1 17900J 1 133OOJ 1 26000J 

TABLE 4-25 (continued) 
AREA A WETLANDS 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORG 4NICS) 

Beryllium 3.52 ND 
Cadmium 7 
Calcium 32300 1250 E 
Chromium 223 89 
Cobalt 39 
copper 102 
Iron 115000 
Lead 53.2 
Magnesium 26500 
Manganese 3790 

Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

76.7 
12000 
1.79 

F 

51800 
F 

16.7 
4320 

1.2 B 
ND 
232 JB 
ND 
50.5 J 
60.8 J 

22.6 
3590 
0.79 

3.7 
9010 

271 
118 

Boron - 
Ckanide 

I 109 I 1. 672 1 563 J i 244 

-- ’ YLLA --- - _ _- 

Chromium 

/ 3470 1 4040 J 1 3410J 1 

- 
267 310 233 300 _ 
ND ND 0.67 J ND 

16.8 21 21.2 26.9 23.5 L 

ND ND ND 1 0.93 BJ ND 
ND ND j 4.5 6.6 

BJ 5650 J 4920 J 3150 5250 
ND ND ND ND ND 

56.9 J 53 J 54 J 75 J 53.9 .J 

Lead 
Mercury 
Selenium 

Silver 

0.05 ND 0.018 J ND ND ND ND / 0.01 
0.002 ND ND ND ND ND ND 1 ND ND 1 
0.01 ND ND ND ND ND 0.c 

0.05 ND 0.07 J ND 0.067 ND ND 1 ND 1 ND ND J / 0.092 J 0.11 J / 

1 NOTES: 

G 
1) ARARw’TBC iodiutcsapplifsblc orrslcvaotaad appropriatcrcquiremenu; TBC indicata to bc coosidcrcd valuss(rcfcr to Scctionr4.2aod 4.3 la furtbcr cqlanation). Shaded oumbcrr cxcced TBC or backround MIUCS. 

2) Assigned letters adjacent to aumcrisal valuesare data qunlifh. R&r to Section 2.11 for twthcr explanation. 

3) ppb indicatesa concentration of parts per billion; ppm is parts per million. 

4) ND means not detected. less than detection limit. R&r to Section 22 for furrha explanation. NA indicates not roalyrcd. 



TABLE 4-26 
AREA A WETLANDS 

SUMMARY OF SEDIMENT ANALYTICAL DATA (ORGANICS) 

PARAMETER 1 TBC 1 SAMPLEID:/ 2WSDl j 2WSD2 1 2WSD3 1 2WSD4 I 2WSD5 1 2WSD6 1 2WSD7 1 2WSD8 I 2WSD9 
TCL VOLATILE ORGANICS fvpb) 

Methylene Chloride I 
Acetone 

1 ND 1 ND 1 ND 
/ 210 1 130 j 230 

it 10 J 
ND 

3J 
ND 
ND 
ND 

3J E 
ND 

720 
Carbon Disulfide -- 11 ( 16 1 18J 1 ND I 
2-Butanone lO!IO / 140 J 1 100 1 ND j ND [ 
Trichloroethene 5 / ND j ND 1 ND 11 J 

ND I 16 J Tetrachloroethene 5 1 ND I ND j 4J 
Total Volatile Orgaoics 1 361 1 246 ) 248 37 1 10 

TCL $Eh#-VOLATILE ORGANICS(ppbj 
Noncarcinogenic PAH 
Fhtorene -- / ND 1 ND 1 ND 1 ND 1 

ND 

ND 
ND 
ND 
720 

Phenanthrene 
Anthracene 

-- 
-- 

1 ND / ND 1 ND 1 ND 1 
/ ND / ND 1 ND 1 ND 1 

ND 
ND 
Nl-l _ .- , I.Y , 

390 J 1 410 J j ND 1 ND 1 
670 J 1 

ND 

ND 
wn t 

970 J ND 1 
1308 J ND j 
2270 

I.” , I.” , r&-r”” .I 

470 J 1 1300 J 1 80000 
460 J 1 ND 1 470 J 1 610 J j 1500 J 1 42000 J 

( 1060 1 870 1 ( 470 1 1080 ( 3240 / 161400 

Fluoranthene -- 
Pyrene -- 

Total Noncarcinogenic PAH 
Bobable Careinopenk PAH 
Beuzo(a)anthracene -- I 670J 1 ND 1 ND 

I -- l 1 630J ) ND 1 
~Benzo(b)fluoranthene -- 

Bcnzo(k)fluoranthene -- 

Benzofajpyrene -- 

Indeno(l,2,3-cd)pyene -- 

Benzo(g,h,i)perylene -- 

Total Probable Carcinogenic P, AH 
0th~ Semi-Volitile Orgaoics 
Benzoic Acid -- 

Dibenzofuran -- 

44’DDE -- 

44’DDD -- 

44’DDT 500 

ND ND ND ND ND 27000 
ND ND ND ND ND 610 J 42000 

ND---. ND ND ND ND 420 JY 55000 Y 380 JY ND 
480 JY ND ND ND ND ND ND 670 JY 45000 Y 
ND ND ND ND ND ND ND ND 35000 
ND ND ND ND ND ND ND ND 23000 
ND ND ND ND ND ND ND ND 23000 

1 2160 1 j 1700 ( 250000 

ND ND ) ND 1 ND 1 ND Ii% 1 780 J 1 ND 1 ND 
ND N 

TCL PESTfcIDESA’CBs (ppbj 
36 Xl 40 XJ NDJ NDJ NDJ NDJ NDJ NDJ NDJ 

140 XJ NDJ NDJ NDJ NDJ NDJ NDJ NDJ NDJ 
NDJ NDJ 57 XJ NDJ NDJ NDJ NDJ NDJ NDJ 

TCLP PESTICIDES (ppbj 

D 1 ND 1 ND 1 ND [ ND 1 ND 1 ND 1 lOOOJ- 

TCLP Pesticides -- I ND I ND I ND 1 ND 

NOTES: 
1) AEURs/TBC indkates applicable or relevant and appropriate requirements; TEK indicates tobe considaed values (refer to Section 4.2 fcr further expkration). Shaded numbers exceed TE!C alues. 

2) Assigned letters adjacent to numakalvalus arc data qualifiers. Refer to Section 2.11 fcr hrther acplarration. 

3) ppb indieta a cow&ration of parts pa billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Secticm 2.2 fcr further explanation NA indicates not analyzed. 

5) Only the parameters detected are listed above, all othas were not detected. 



TABLE 4-27 
ARE?AAWETLANDS 

SUMMARY OF SEDIMENT ANALYTICAL DATA (INORGANICS) 

PARAMETER 1 BACKGROUND 1 SAMPLE ID:/ 2WSDl 1 2WSD2 / 2WSD3 I 2WSD4 I 2WSD5 I 2WSD6 I 2WSD7 I 21 NSD8 1 2WSD9 

Aluminum 27tiO 
Antimony 2.95 NDR NDR r 
Arsenic 31.5 9.2 J 9.5 J 9.5 J 1 10 J 8.5 J 

Barium 1600 55.6 B 64.6 B 56.6 B p-I 56 B 53.6 B 
Beryllium 3.52 / 0.91 B j 
PnA..4...” I I 

1.1 B [ 0.88 B 1 0.44 B 0.39 B 

~“lalI”LII ! 
7 
I ! 

I 
I 

,* / 
4.‘ , 

In / 
4.6 , 

r^ 
3.5 

I 
I 3.8 3.7 

1 1 

TAL INORGANICS fppm) 

18900 22200 1 18xlo 1 16600 1 14200 19300 17800 18300 20800 
riDR 1 NDR 1 NDR NDR NDR NDR NDR 

10.5 J 13.9 J 8.1 J 11.8 J 
59.9 B 597 B 64 B 72.8 B 

B 0.51 
3.5 

1830 

s 
-F -i 

0.84 

5 
6800 

0.85 
6.1 

2160 32300 4670 I 4930 -1 4220 1 14811R _ .-_ _ 1 ;fMl Rl ivsv -- 

223 57.1 I 
-- 

48.9 -~-- I 
I 

92.6 
--.- 

I 719 1 71.7 69.3 95.7 63.7 
39 1.1 B .;:j B 6.8 B 8.4 B 7.6 B 10.2 B 8.6 B 

9.5 J 44.8 J 52.2 J 51.3 J 34.6 J 71.5 39.6 J 
29700 26700 28300 22900 24100 25500 44000 

‘7.8 69.2 -241 J _ 69 
6700 

3 
6060 

Calcium 
Chromium 
Cobalt 

5880 
210 
0.32 

1.6B I 1.2B I 1.3R 1 

34.8 

I 109 I 41Do I 1 
-- i 1 ND 1 N 

126 127 63.2 J j 58.1 J 57.6 J 
I 

1 51.5 J 124 109 

1ooo 44M) 1200 1300 I 730 I 450 3600 490 
D ND ND I - I wn ’ “9 ND 3.2 

TCL2 METD (jgm) 

Zinc 1 90.6 1 .78 
Boron 
Cyanide 

PARAMETER t 
Arsenic I ND I ND I ND 1 ND ND ND ND 1 ND 

I n.n27 I Mr29 I nfm I ni4 1 0.059 0.039 0.025 ND IE!L _._-_ -.--- -._ 
0.01 0.0023 0.0036 ND 0.0029 ND ND 0.0036 ND 0.011 
0.05 0.007 0.035 0.0073 0.01 0.0073 1 0.013 0.01 0.019 0.01 
0.05 ND ND ND ND _ .- 1 ND I NE I ND ND ND 
0.002 ND ND ND ND _ .- I ND ND ND ND ND 
0.01 ND ND No ND I ND 1 ND I ND 0.11 ND 

0.05 0.007 J 0.012 J NDR ND R 1 0.0081 J 1 ND R j 0.016 J I 0.013 J I ND R 1 

Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

Silver 

NOTES: 
1) ARARwTBC indicatesapplicable arelevant and appropriate requirements; TBCindicates to be considered values (refer to Secciono 4.2 and 4.3 for further explanation). Shaded numbers exceed TBC or backgourd values 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for furtier explanation. 

3) ppb indicates a concentration of parts per billion; ppm is partr per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NAindicates not analyzed. 
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were at or below the ground water table. The depth of the dredge sediment is fully described 
in Section 3.0, but generally are lo-15 feet at the northeast portion, extending deeper along the 
south near the landfill to 25-35 feet. All samples for analysis were collected from the dredged 
sediment materials. 

Volatile Organics 

VOC concentrations in the subsurface soil and sediment within Area A wetland are in 
the low to moderate range. Inspection of the bar graphs for the various sample reporting 
intervals indicates VOCs are generally spatially distributed throughout the wetland area and 
generally present at uniform concentrations with depth. This is consistent with the origin of the 
sediments from the Thames River dredge materials deposited in the wetland. Selected VOCs 
detected include methylene chloride (7 of 42 sample locations), trichloroethene (5 of 42), 2- 
butanone (methyl ethyl ketone 14 of 42), tetrachloroethene (7 of 42)) and benzene (1 of 42). 
VOC TBCs exceeded included 2WMW5S (benzene), 2WTBl (trichloroethene), 2WTB8 
(tetrachloroethene), 2WSD4 (tricbloroethene, tetrachloroethene), 2WSD6 (tetrachloroethene) and 
2WSD9 (trichloroethene, tetrachloroethene). 

The source of the VOCs in the wetlands subsurface soils (2WTBl (20-22’) and 
2WMW5S (13’)) would appear to be associated with sediments originally contained from the 
Thames River, and/or absorption of ground water chemicals onto the sediments. 

The source of the VOCs in the sediments could be from several sources including that 
mentioned above, runoff from the Weapons Center (2WSD9 and 2WSD6), and general urban 
runoff. The samples collected near the landfill (2WSD1, 2WSD2) did not contain any VOCs 
above TBC values. 

Semi-Volatile OrPanics 

SVOs, principally PAHs, were detected at generally low levels in most of the wetland 
sediment and subsurface samples. Overall SVO concentrations were slightly higher in the O-2 
and lo-22 feet reporting intervals, although this may be attributable to the smaller number of 
samples collected in the 2-10 foot interval. The highest concentration of SVOs was detected at 
2WSD9 (412,400 ppb). This sample was collected within a drainage swale at the stormwater 
discharge location of the Weapons Center. The Verification Study (Wehran, 1988) sediment 
sampling of another storm water culvert discharge location near the Weapons Center also 
indicated the presence of PAHs. Sediment samples recently collected from the Thames River 
also contain low levels of PAHs (Navy, 1991). 

PCBs/Pesticides 

PCBs (Arochlor 1260) were detected at only two sample locations, 2WTB2 (O-2’) and 
2WMW4S (O-2’), at respective concentrations of 370 ppb and 50 ppb, below the TBC value. 
The source of the PCBs at 2WTB2 appears related to transport of contaminated surface soils 
from Area A landfill. Sample 2WMW4S was collected from the Weapons Center. 
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Pesticides (DDT and residual compounds) were detected at five sample locations in the 
O-2 foot reporting interval. Based on detection in the O-2 foot interval, these appear to be 
related to past reported surface application of pesticides at the wetland area. As subsequently 
discussed, the pesticide detections were less frequent and the concentrations much less than for 
the samples from the Area A watercourses. This may be related to the potential for higher 
concentration of pesticides present at locations not sampled (pesticide bricks were reportedly 
applied at point locations), and/or due to compositing of the samples. This may be supported 
by previous sediment sampling (Wehran, 1988) conducted in the wetland reported in Section 1 .O. 
A sample location within the wetland near its outlet and at an upgradient location (east side), 
contained DDT in the 17,000 ppb range. Alternatively, it could indicate a more substantial 
application of pesticides in the downstream watercourse area. 

Figure 4-21 illustrates concentrations of pesticides in the surface soil and sediments in 
Area A. 

InorPanics 

In general, metal concentrations within the wetland subsurface soil and sediment samples 
were low. A total of 35 soil and sediment samples were collected within the wetland proper, 
with the remainder collected at adjacent locations. Several samples contained slightly elevated 
levels of lead (7), mercury (3), cadmium (l), and silver (2). Boron was consistently above 
established background levels, but this is attributable to the origin of the sediments from the 
Thames River; salt water contains high concentrations of boron. 

Several samples exceeded TBC values based on TCLP extraction analysis. These 
included arsenic, cadmium, chromium, lead, selenium, and silver. Only two samples 
(2WMW6S-lead, 2WTB3-silver) had metal values which exceeded both established background 
concentrations and TBC values based on TCLP analysis. Sample 2WMW6S (2-4’) is located 
adjacent to the Weapons Center, and the lead concentrations were high. Cyanide was detected 
at 2WSD9 (3.2 ppm), at the drainage outlet from the Weapons Center. The previous 
verification study also reported a cyanide value of 2.53 ppm, at another surface water discharge 
location from the Weapons Center. These detections of cyanide, and the elevated PAHs at 
2WSD9, suggest a possible source of contaminants at the Weapons Center. The elevated levels 
of cyanide and PAHs suggest that spent Otto fuel may be the cause of this contamination, 
however, the specific source is unknown. 

4.11.3 Area A Downstream/OBDA 

4.11.3.1 Subsurface Soil 

Sample locations are shown on Figure 4-22 and Plate 4-l. Five subsurface soil samples 
were collected from five monitoring well locations. The soil sampling was conducted at well 
locations which were in wooded undeveloped areas where no past disposal was reported or 
apparent. The exception was 3MW12S, which was located adjacent to the wetland at the Over 
Bank Disposal Area, where past disposal is evident, as previously discussed. The site subsurface 
analytical program is summarized in Section 2.0, Table 2-7. 
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-- Subsurface soil analytical results are summarized in Tables 4-28 (organics) and 4-29 
(inorganics) . 

Volatile Orvanics 

No VOCs were detected at 2DMWllS and 2DMW16S. Trichloroethene (24 ppb) and 
tetrachloroethene (58 ppb) were detected at 2DMW15S, both of which are above TBC values 
of 5 ppb. Low levels of toluene and 1 ,1-dichloroethene were also detected. The compound 2- 
butanone (methyl ethyl ketone) was detected at 2DMW12S (O-37, which is adjacent to the 
OBDA site. This compound was also detected at consistent concentrations at several sediment 
samples within OBDA. 

The source of the solvents detected at 2DMW15S, located near North Lake, is unknown. 
One possibility is an unconfiied report from a retired Navy employee who stated that there was 
a past disposal area in this general vicinity. This could not be confirmed based on reviews of 
aerial photographs and discussions with other Navy personnel. 

Semi-Volatile Organics 

E- 

No SVO compounds were detected at 2DMWlOS, 2DMWllS, 2DMW15S, or 
2DMW16S, except for low levels of phthalates at 2DMWllS. Low levels of SVOs (413 ppb), 
principally PAHs, were present at 3MW12S (O-3’). The detection of SVOs at 3MW12S (O-3’) 
correlates with SVOs detected in the sediment samples at OBDA, which are subsequently 
discussed. 

PCBs/Pesticides 

No PCBs were detected in the subsurface sample points. Pesticides, DDT and its 
derivatives, were detected at 3MW12S (O-37(1 12 ppb) and 2DMW16S (102 ppb). The detection 
of pesticides at these locations appears related to past pesticide application in Area A; the 
presence at the 2-4’ interval at 2DMW16 may indicate that this area (next to North Lake) was 
regraded at one time. -x 

Inorfzanics 

Arsenic and selenium were detected above TBC values based on TCLP analysis at 
2DMwllS and 3W12S, both of which are adjacent to OBDA. These values appear 
anomalous when compared to concentrations by mass analysis which were well below 
background levels for arsenic and for selenium, which was not detected. The arsenic TCLP 
results did not correlate with the mass weight analyses when the dilution constant is considered. 
Lead exceeded TBC values for sample 2DMW16S. Comparison with mass weight analysis 
indicated that the lead concentrations were below background concentrations. 
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TABLE 4-28 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLEID: 1 2DMWlOS 1 2DMWllS 1 3MW12S j 2DMW15S 1 2DMW16S 
PARAMETER TBC DEPTH (ftj: 1 3-5 2-4 o-3 2-4 2-4 

TCL SEMI- V0L.ATiL.E GRGANTCS (ppb) 
~pliq, PM 
Fluoranthene I -- ND ND 67 J ND ND 
Pyrene -- ND ND 54 J ND ND 

Total Noncarcinogenic PAH 121 
Proba bfe i2wcinogedc PAH 
Benm(k)fluoranthene -- ND ND 50 JY 1 ND ND 

Total Probable Carcinogenic PAH 50 
Phthalates 
bis(2-ethylhexyl)phthalate -- I ND 140 J 160 JX 1 ND 1 ND 
Other Semi- Voiatiie Urganics 
Benzoic Acid -- j ND 1 ND 82 J 1 ND ) ND 

TCL PESTICZDESSCBs (ppb) 
4,4’DDE -- ND ND 27 X ND 28 JX 
4,4’DDD -- ND ND 61 JX ND ND 
4,4’DDT 500 ND ND 24 JX ND 74 JX 

,TeJ’ PESIfIWJDES (pp+) 
TCLP Pesticides -- NA NA ND NA NA 

NOTES: 
1) ARARsKBC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 42 for further explanation). Shaded numbers exceed TBC values. 

2) AsGgned lettas adjacent to numerical values are data qualifiers. Refer to Section 2.11 fa furtha explanation. 

3) ppbindicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected,less than detection limit. Refer to Section 2.2 fcr further explanation. NAindicates not analyzed. 

5) Only the parameters detected fcr volatile organics and semi-volatile organics are listed above, all others were not detected. 

& II c ,I, (i I 



TABLE 4-29 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

PARAMETER 

PARAMETER 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

TBC 
0.05 

1 
0.01 
0.05 
0.05 

0.002 
0.01 
0.05 

TCLP METALS (ppm) 

ND 0.21 J 
0.21 0.35 
ND ND 
ND ND 
ND ND J 

ND1 ND 
ND 0.13 J 

0.0084 J NDJ 

0.19 J ND ND 
0.25 0.34 0.19 
ND ND ND 
ND ND ND 
ND J ND 0.1 
ND ND ND 

0.13 J ND ND 
NDJ ND J ND J 

NOTES: 

5 

1) ARARsD’BC indicates applicaMc cf relevant and appropriate requirements; TBC indicates to be considered valuer (refer ta Section 4.2 for further expanauon). Shaded numbers exceed TBC or background values. 

2) Assigned letters adjacent to numecical values are data qualifiers. Refer to Section 2.11 la further explanation. 

N 3) ppb indicates a concentration of part per billion; ppm is parts per million. 

4) ND means not detected, leer than detection limit. Refer to Section 2.2 fa further explanation. NAindicater not analyzed. 



4.11.3.2 Sediments -\ 

Twenty-three sediment samples were collected for analysis from the OBDA wetland, and 
the Area A downstream watercourses and associated ponds. Sediment sample locations are 
indicated on Figures 4-22 and 4-23 (OBDA), and Plate 4- 1. The samples were collected from 
18 sample locations; they included five sample locations at OBDA from which two sediment 
samples were collected at each location (O-6”) 12-18”). The purpose of the sediment sampling 
and analysis programs was to assess the extent of sediment contamination (principally pesticides) 
within this area, due to past application and sediment transport from potential source areas. 
Previous analysis of sediments in this area indicated the presence of pesticides and metals. The 
site analytical program for sediments is summarized in Section 2.0, Table 2-9. The sediment 
sample from the Torpedo Shop (7SDl) is included in the discussion in this section because it is 
part of the downstream watercourses system. 

Sediment analytical results are summarized in Tables 4-30 (organics) and 4-31 
(inorganics) . 

Volatile Organics 

No VOCs were detected above TBC values for samples collected from the downstream 
watercourse sediments. At sample locations 2DSD2 and 2DSD3, low levels of VOCs 
(methylene chloride, trichloroethene) were detected; these sample points are closest to the outlet 
of the Area A wetland discharge culverts. This indicates some limited migration of VOCs via 
sediment transport from Area A wetland. Within OBDA, all sediment samples contained low 
levels of VOCs, but below TBC values. VOCs detected include methylene chloride, 2-butanone 
(methyl ethyl ketone), tetrachloroethene, toluene, ethylbenzene, and xylene. This indicates that 
some past releases of solvents and petroleum hydrocarbons occurred at the OBDA site. 

Semi-Volatile OrPanics 

Low to moderate levels of SVOs were detected in most sediment samples. No PAHs 
were detected in the samples (2DSD1,2,3) directly downstream of the wetland discharge culvert. 
Nitroaniline was detected at 3100 ppb at 2DSD2. This compound is associated with dyes. 
PAHs were present in sediment samples on the north side of Triton Road, including 7SDl at the 
Torpedo Shop. PAHs were also present in some samples from OBDA and in the stream 
discharging from this wetland extending to the Thames River. The highest level of SVOs were 
detected at 2DSD11, collected adjacent to Shark Boulevard, which may be associated with road 
runoff. 

Pesticides/PCBs 

The only detection of PCBs was at 2DSD12, which is at the outlet of the downstream 
watercourse, at the Thames River, adjacent to DRMO. Based on the elevated levels of PCBs 
at the DRMO site, it appears likely that this is associated with the DRMO site and not Area A. 
This is further discussed in Section 4.12. , 
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TABLE 4- 30 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SEDIMENT ANALYTICAL DATA (ORGANICS) 

PARAMETER TBC 1 SAMPLE ID: 1 ZDSDl 1 2DSD2 1 2DSD3 1 2DSD4 1 2DSD5 1 2DSD7 j 2DSD8 
TCL VOLATILE ORGANICS (ppb) 

Methylene Chloride 25 ND SJ 35 ND ND J ND ND 
Carbon Disulfide -- ND 4J ND ND SJ 2J ND 
Trichloroethene 5 ND 3J ND ND ND ND ND 

Total Volatile Organics 12 3 5 2 



‘3 

TABLE 4-30 (continued) 

AREA A DOWNSTREAM AND OBDA 
SUMMARY OF SEDIMENT ANALYTICAL DATA (ORGANICS) 

PARAMETER TBC 1 SAMPLE ID: 1 2DSD9 1 2DSDlO 1 2DSDll 1 2DSD12 1 2DSD13 1 7SDl 

/ I 
TCL VOLATILE ORGANtCS (ppb) 

..- _-- I ..- I 



TABLE 4-30 (continued) 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SEDIMENT ANALYTICAL DATA (ORGANICS) 

SAMPLEID: I 3SDl j 3SDl 1 3SD2 1 3SD2 ) 3SD3 / 3SD3 1 3SD4 1 3SD4 1 3SD5 I 3SD5 
PARAMETER TBC DEPTH (in): 1 O-6 1 12-18 1 O-6 1 12-18 1 O-6 1 12- 18 1 O-6 1 12-18 1 O-6 1 12-18 

Othq $eqi- Volatile 
4-Methylphenol -- I 1x1 J 1 ND ) ND I ND I ND 1 ND j ND 1 ND / ND 1 ND 
Dibenzofulan -- I loo J ) ND 1 ND I ND 1 ND ) ND j ND 1 ND / ND 1 ND 

TCL PESTCIDES/PCB.s [ppb) 
4,4’ DDE -- 81 Jx 6OJX ND ND 15ooo JX 3oooJX 410 Jx 4800 Jx 11000 x 1500 x 
4,4’ DDD -- 89 J 140 JX 190 JX 59JX 3rJoooOX 73000x 3200 JX 84000 X 99oocl x 11000 x 
4,4’ DDT 500 57 J 69 Jx 85 JX ND 37000x 1 3800 Jx 3300 Jx 12ocHl x lloQ.IX 2701 

TCLP PESTICIDES (ppb) 
TCLP Pesticides -- ( ND 1 ND I ND I ND 1 ND I ND I ND I ND I ND 1 ND 

NOTE> A 
1) ARARsKBC indicates applicable or relewnf and approptiate reqtiirements; TBC indicates to be considered values (refer to Section 4.2 for further explaration). Shaded numbas exceed TBC value+ 

2) Asigned letters adjacent to numerical values arc data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concenaation of parts per billion; ppm is parb per million. 

4) ND means not detected. leu than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed abow, all others were not detected. 

- 
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TABLE 4-31 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SEDIMENT ANALYTICAL DATA (INORGANICS) 

272000 1 32100 [ 33100 I 11500 

1 Copper ! 102 1 94.3 ] 78.7 21.1 J : 

1 Magnesium 26500 I 

Zinc 178 617 291 
Boron 109 870 

Cyanide -- mmLpM,--F! ’ ND - 

PARAMETER 1 TBC I 
Arsenic 0.05 1 ND 

I 73 J 85.4 J ’ 44.1J ’ 118 
I I 

; 135 
660 320 4100 1700 530 I 840 

ND ND ND 1 ND 
lLm4Ls (ppin) 

1 Mercury 1 ND ND 



TABLE 4-31 (continued) 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SEDIMENT ANALYTICAL DATA (INORGANICS) 

PARAMETER 1 BACKGROUND 1 SAMPLE ID: / 2DSD9 1 2DSDlO 1 2DSDll 1 2DSD12 1 2DSD13 1 7SDl 

76.7 6.9 B 8.6 B 4.1 B 6.5 B 4.6 BJ 9.5 BJ 
12ooo 1320 B 1310 394 B 1090 B 486 BJ 767 BJ 

1.79 ND J ND 3 ND J ND J ND 0.28 B 

5 ND ND ND ND ND ND 
51800 182 BJ 375 BJ 230 BJ 3500 214 BJ 76 BJ 

Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 5 ND ND ND ND ND ND 
Vanadium 271 14.2 21.4 9.7 B 23.3 10.1 B 24.9 

Zinc 178 44.4 J 37.7 J 44.2 J 41.9 J 41 J 56.5 J 

Boron 109 ND 63 60 650 60 67 

Qanide -- ND ND ND ND ND J ND J 

Silver 0.05 0.032 J / 0.0078 J ND J 0.037 J ND J NA 



TABLE 4-31 (continued) 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF SEDIMENT ANALYTICAL DATA (INORGANICS) 

BACK- SAMPLE ID:1 3SDl f 
PARAMETER GROUND DEPTH (in):1 O-6 ( 12-18 I O-6 I 12-18 1 O- 

-._ _.--- 

3SDl 1 3SD2 1 3SD2 I 3SD3 j 3SD3 / 3SD4 1 3SD4 1 3SD5 1 3SD5 
-6 I 12-18 I O-6 I 12-18 1 i-6 [ 12-18 

I ‘.YJ , I 
A ..“-..:,. t 

--__-- - - - -  

Bcrvllium I 3.52 1 I 1 2 RT 1 

Cmhalt 
I ( LT.0 

19 I I 63. R t 

Manganese 
-.___ --.- 

I 3790 I I 166 i -G 
I “*,I / , N”.t , , N,, 

Niclwl 767 I I 17 / 1At; 

Selenium 
_--__ . - _ I  __.I - . . -  

I 1.79 I / 0.83 RT 1 1.1 F 

-.A...- I /I” , , I-2 , 1.J.J , *l*” 10.A J , 72.7 / v,., J , Ltl” , 7J.3 / “J.7 J , 0J.Y .I 

r&.-n” Ino I I r*n I 720 1 8300 1 ND 1 6200 1 3500 1 400 I 2900 I 2200 I 2600 
Qanide I -- l ND I ND I 34 I ND I 

TCLP METALS &pm) 
ND I ND 1 ND I ND I ND I ND 

PARAMETER 
Arsenic 
Barium 
Cadmium 
Chromium 
I,ead 
Mercury 
Selenium 
Silver 

TBC 
0.05 0.16 3 0.13 J ND ND ND ND ND ND ND ND 

1 029 J 0.12 J 02828 0.18 J 0.086 J 0.088 J 0.38 J 021 J 02 J 0.041 J 
0.01 0.0082 0.005 0.0066 ND 0.013 0.0097 0.045 0.031 0.0086 ND 
0.05 ND ND ND ND 0.05 ND ND ND ND ND 
0.05 Nl-l Nl-T ND ND ND NTl Nn hln NI-J Nn _ .- 

0.002 
ND ND ND ND ND ND ;. N. ;;. -.- 

0.0023 
0.01 0.006 J 0.0039 J 0.0026 J ND 0.0029 J ND ND ND 0.006 J ND 
0.05 ND R ND R ND R ND R ND R NDR NDR NDR 0.0083 J NDR 

NOTES: 
1) AFURGBC indicates applicable or relevant and approfxiate requirements; TBC indicates to be considered flues (refer to Sections 4.2 and 4.3 far fwtha exphation). Shded numbers exceed TEE or bxkground values 

2) Assigned letters adjacent to numerical flues are data qualifiers. Refer to Section 2.11 fu futhcr explanation. 

3) ppb indicates a conxntration of pdlzs pa billion: ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 fcr further explanation NA indicates not analyzed. 



Pesticides, DDT and its derivative compounds, were detected at moderate to high 
concentrations within the Area A downstream watercourses and ponds. The TBC value, which 
is based upon the tolerance level for DDT residues in fresh fruit, was exceeded at ten of the 23 
sample locations. Total pesticide concentrations are illustrated in Figure 4-24. The highest 
concentrations were detected in the two ponds below the Area A dike, and within the OBDA 
sediments. Lower concentrations downstream of these areas and extending to the Thames River 
are likely attributable to sediment transport from the higher concentration areas. The data 
indicate that some ongoing migrations of pesticides, due to sediment transport, to the Thames 
River is occurring from the pond source areas. 

f 

-e 

Inowanics 

Several metals were detected above established background levels. These occurred in 
samples closest to the Area A wetland area. They included beryllium, cadmium, lead, selenium, 
zinc and boron. The following samples exceeded both established background levels and TBC 
values based on TCLP analysis; 2DSDl-cadmium, 2DSD2-cadmium, and 2DSD7-lead. Further 
downstream samples (2DSD9-2DSD13) contained generally low concentrations of metals. 
Cadmium was not detected above background levels in the Area A wetland sediments, therefore, 
the cadmium source does not appear to be related to sediment transport from the wetland. 

Ten sediment samples were collected from the OBDA area. Sediment samples contained 
metals above established background levels for cadmium (3), iron (2), lead (4)) selenium (2), 
and zinc (2). Cadmium results based on TCLP analysis correlated with mass weight analysis 
for two samples. No lead was detected from TLCP analysis. The elevated iron concentration 
may partially explain the rust colored leachate that is visible in this wetland area. The lead and 
cadmium which had the highest concentrations of inorganics recorded throughout Area A, may 
suggest battery/battery acid disposal in this area. Alternately, it could be related to the cadmium 
present in the ground water at this location, and adsorption onto the sediments as it discharges 
to OBDA. 

4.11.4 Area A Ground Water 

Twenty-eight ground water monitoring wells were installed and sampled within Area A, 
which includes the landfill, wetland, and downstream areas. These well locations are shown on 
Figures 4-16, 4-22 and Plate 4-l. Eleven were water table overburden wells and 17 wells were 
installed and screened in the bedrock aquifer. The ground water analytical program is 
summarized in Section 2.0, Table 2- 12. Ground water hydrology for Area A is summarized in 
Section 3.0. 

Ground water analytical results for Area A wetlands and landfill are summarized in 
Tables 4-32 (organics) and 4-33 (inorganics and radiological). Results for Area A downstream 
and OBDA are summarized in Tables 4-34 (organics) and 4-35 (inorganics and radiological). 

VOCs were detected in only six of 28 monitoring wells within Area A. Of the six, only 
three locations exceeded TBC/ARAR values for drinking water. VOC ground water 
concentrations are summarized in Table 4-36 and are also illustrated on Plate 4-2. 
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TABLE 4-32 
AREA A WETLAND S AND LANDFILL 

SUMMARY OF GROUND WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER I ARARGBC I SAMPLE lD:( 2LMW7S 1 2LMW7D( ZLMW8S 1 2LMWSDI 2LMW9s 1 2LMW9D I2LMTk 
lCL VOLAllLE OROANRX @pb) 

1.2 Dichloroethene 70 ARAR MCL 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 IJ IND 1 ND 1 ND I 
1 Trichkwoethene I S-=-I MCL 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND I 10 1 ND 1 ND IND I 

Benzene sAFL4R MCL I ND I ND 1 ND 1 ND 1 ND 1 ND I 1 ND 1 ND 1 ND 1 ND 

1,1,22-Tetrachloroethane 0.17 TBC WGC 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 140 1 ND 1 ND 
I 

I ‘J I 
Chlorobenzene 488 TBC W-K. ND ND ND ND ND ND ND ND ND ND 

Ethylbenzene 1 700 ARAR MCL ND ND 25 ND ND ND ND ND ND ND 

Xyiene (total) loo00 ARAR MCL ND ND 2JY ND ND ND ND ND ND ND 

Total Vdatie Orgamics 4 151 1 

EL SEMI- VCRLA7lL.E ORCiANXX hmbf 

I Nauhthalene I 20 1 PMCL 1 ND 1 ND 13~ IND I 65 IND 1 ND 1 ND 1 ND IND I 

2-Methflaaphthalene -- 
To&l Nomcmw-mwemic PAH 

Pktka?ata 

I ND 1 ND 1 ND 1 ND 1 ND ND 

I 
1 ND 1 1 ND 1 ND 1 ND 

3 I 6 
I I I I I I 

I 

1,2,4-Ttichlorobexzene 
‘. 

9TBc 1 PMCL ( ND I ND I ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND ND 

lCL PlSTEID~@pb) 
1 Aroclor 1254 1 TBC 1 CTDOHS HAI ND 1 ND 1 ND 1 ND / ND 1 ND j ND 1 ND 1 ND / ND I 



TABLE 4-32 (continued) 

AREA A WETLANDS AND LANDFILL 
SUMMARY OF GROUND WATER ANALYTICAL DATA (ORGANICS) 

PARAME%ZR 1 m 1 SAMPLE ID:] 2LMW18SI 2LMW18Dj 2WMWlDI 2WMW2Dl 2WMW3S 2WMW3DI 2WMW4DI 2WMWSSI 2WMW6SI ZWMWBI 

Noacmimgenk PAH 
Naphthalene 1 20 1 PMCL 

2-Meth@aphthalene -- 

Total Nomcatimgeti PAH 

Pktkaiatcs 

TEL SEMI-VCK.ATlLE ORCANhZS @pb) 

15 J ND ND ND ND ND ND ND ND ND 

35 ND ND ND ND ND ND ND ND ND 

18 

lcx P=-fi (ppb) 
Ardor 1254 1 TBC 1 CTDOHSHAI 150 X 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 

NOTES: 
1) ARARVTBC indtatcs applicable orr~lcvant and appropriate rcquicmcot~TBC indicates to bccooridacd ~rdlucs (refer to Section 4.2 for fwdxr aplanatioo). Shaded numbers acccd ARAR/fBC MIUCI. 

2) Auigoed letters adjacent to numerical values arc data qualifiers. Rcfcr to Section 2.11 for twixt explanation. 

3) ppb indkatcs acoc-xntration of partspet billion; ppm b parts pa million. 

4) ND mcans not dctcfted, kss than dckctioo limit. Rcfa to Sstioo 2.2 for funha explanation. NA indtatcs not analyzed. 

5) Only ths paramctcrs dctectcd arc listed aboy all others were trot detected. 

6) The acronym adjacent to tbc ARARITBC MIUC indifatcs the sowe of the value. Refer toTable 4-2 or glossary for further aplaoation. 



TABLE 4-33 

AREA A WETLAND S AND LANDFILL 

SUMMARY OF GROUND WATER ANALYTICAL DATA (INORGANICS AND RADIOLOGICAL) 

P-RI W t SAMPLE ID:/ 2LMW7S 1 2LMW7D 1 2LMW8S 1 2LMW8D 1 2LMW9S 1 2JeMW9D 1 2L?dW13D / 2LMW14D 1 2L.MW17S 1 2LMW17D 

TAL INORGANES @pb) 
Aluminum 200 TBC SMCL ND ND ND ND ND ND ND 35.8 B 54.3 B ND 

AIttilIkXly 5TBc PMCL ND ND ND ND ND ND ND ND ND ND 

Arsenic 50 ARAR MCL ND ND ND ND ND ND ND ND ND ND 

Magnehm -- 36200 / 4040 B 2440 B / 2210 B 4040 B 29300 4510 B 2120 B / 2970B 3210 B 

Manganese 50 TBC SMCL 280 216 544 57.5 J 412 1030 408 59s 1 323 286 

Mercury 2ARAR MCL NDJ ND ND ND NDJ ND ND ND / NDJ ND 

Nickel 100 TBC PMCL 16.8 BJ 21.1 BJ ND ND 22.6 BJ 23.1 BJ 21.7 BJ ND 11.6 l3.l 18.4 BJ 

Potassium 

Selenium 

Silver 

Sodium 

16400 3290 B 3560 BJ 1420 BJ 4710 B 11800 1950 B 5830 J 1300 B 960B 

10 ARAR MCL 2.9 B ND 1BJ 1B.J 22 B 15 B ND ND ND ND 

50 ARAR MCL ND ND ND ND ND ND ND ND ND ND 

28000 TBC Noli f. Level 365000 89200 12600 11400 160000 287ooo 26500 26500 10700 10600 



TABLE 4-33 (continued) 

AREA A WETLANDS AND LANDFILL 
SUMMARY OF GROUND WATER ANALYTICAL DATA (INORGANICS AND RADIOLOGICAL) 

PARAMETER] A w 1 SAMPLE ID:1 2LMWl8SLT/ 2LMW18d 2WMWlDj 2WMW2DI 2WMW3S 1 2WMW3D 1 2WMW4D / 2WMWSS 1 2WMW6s 1 2WMW6D 

I TAL INQRGANES (ppb) 

Aluminum 

Antimony 

Arsenic 

Barium’ 

Belyilium 

Cadmium 

Calcium 

1 1 1 1 1 1 1 200lBC SMCL 51.18 ND ND 139 B 39.6 B 1 ND 1 ND ( ND I 20 

STBC ) PMCL 1 ND 1 ND ND ND ND ND ND ND ND ND 

50 ARAR 1 MCL 1 42B ) ND ND ND 7.6 B ND ND ND ND ND 

1OOOARAR MCL 711 66.3 B 16 B 39 B 396 613 70.1 B 167 B 38 B 26.2 B 
Nn 1st ND 1 TBC 

5 ARAR 

-- 

PMCL 

MCL 

ND ND ND ND ND ND ND A.- .Y 
I 

29.1 72 ND ND 10.6 7.7 I NDJ 6.4 ND 

54600 21000 9330 7530 67300 72200 28700 52300 18700 40500 I 
ND 

Chromium7 50 ARAR MCL ND ND ND ND ND ND ND ND ND ND 

Cobalt -- 11.4 B ND ND ND ND ND ND 12.1 B 14.3 B ND 

Copper’ 1000 ARAR MCL ND 5.4 B.J ND ND 62 BJ ND ND 7.9 BJ ND 5.5 BJ 

Iroll 3OOTBC SMCL 192000 36800 85.1 EiJ 256 J 75400 62600 652 BJ 44800 3140 2310 

Lead IS ARAR ActionLevel ND L ND 1 22WI 22.4s 1 ND / NDJ / NDR 1 ND 2SBJ 1 2B 

Magnesium 

Manganese 
Mercury 

Nickel 

-- 65900 1 4340 B 1400 B 1700 B 126000 108000 2850 B SO800 4350 B 8830 

50 mc SMCL $80 863 2.3 B 21.4 3200 3630 31.1 8130 648 673 

ZARAR MCL ND ND ND ND ND ND NDJ ND NDJ ND 

100 TBC PMCL 29.5 B ND 23.4 EIJ 20.6 BJ ND 18.9 BJ 18.6 B.J ND 39.1 Bs ND 

Potassium 

Selenium’ 

Silver7 

Sodium 

47100 4350 BJ 1120 B 715 B 37100 BJ 26400 1170 B 17300 J 5510 8330 J 

10 ARAR MCL 2.9 BJ ND ND ND 2.3 B.J 3.6 B NDJ 22 BJ ND ND 

50 ARAR MCL ND ND ND ND ND ND NDJ ND ND ND 

28000 TBc Notif. Level 777000 27400 28900 40500 136OOal 114O!xlO 9020 J 654OQO 31200 94700 

1 TBC j PMCL 1 ND 1 ND 1 ND 1 ND 1 

ZOTFJC I USEPAHA I ND I ND I ND I ND I 
ND 1 ND 1 NDR / ND 1 NDR 1 ND 

ND I ND 1 ND / ND / ND I ND I 

Zinc 

Boron 

Cyanide’ 

5000 TBC SMCL 600 12 BJ 202 J j 62.1 J 15.3 l3J 16.1 BJ 15 BJ 12.4 BJ 136 21.1 J 

6OOTBC USEPAHA 1000 1 2400 ,,,1300,, 1 1300 970 1500 1400 1600 7500 8100 

ZOOARAR MCL ND 1 ND NDJ 1 NDJ ND ND NDJ ND NDJ NDJ 

Gross Alpha’ ) 5 1 Screening Level 0 1 0 1 0 1 4.7 1 0 1 422 1 10.1 0 1 2.8 1 4.6 

Gross Beta 50 Screening Leve 1 56.3 1 3.7 1 2.5 ( 3.8 1 40.2 f 51 1 4.4 1 15.8 1 4.4 I 12.4 I 

NOTES 
1) ARARflBC indicates applicable wrclcvant and approptiatc rcquicmcntxTBC indicates to bc considered values (refer to Section 4.2 for fur&r explanation). Shaded numbar ucccd ARARrBC ydlucs 

2) Arrigocd letters adjacent to numerical nlues arc data qualifiers. Refer to Sactioo 2.11 for furdxr crplsnatioo. 

3) ppb indicates a concentration of parts per billion: ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further aplaoatian. NA indtatcr not snalyzcd. 

5) Radiological constituentvalues have an assigned +I- range due to sample ioterfaence. 

6) The acroaym adjacent to the ARARKBC value iodtstn the soutcc of the v&c. Rck to Table 4-2 or glouatyfor furlha apianation. 

7) There values are based on CTDOHS MCLr which are lowet than USBPA MCL+ CI’DOHS may at some furors time rsvix their MCLs to correspond to U.S. EPA’s 



TABLE 4-34 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF GROUND WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER ) ARARdTBC 1 SAMPLE ID:1 2DMWlODI 2DMWllS / 2DMWllDl 2DMW15DI 2DMW16S 1 2DMW16Dl 3MW12S / 3MW12D 

TCL VOLATILE ORGANICS Qyb) 

1,2-Dichloroethene(tota1) IO ARAR MCL ND ND ND ND ND 13 ND ND 

Trichloroethene SARAR MCL ND ND ND ND ND 17 ND ND 

1,1,2+Tetrachloroethane 0.17 TEE WQC ND ND ND ND ND 7 ND ND 

Total Volatile Orgaoics 37 

TCL SEMI-VOLATILE ORGANICS [ppb) 

Pittbqfates 

bis(2-ethylhexyl)phthalate - - 4J 1 ND ND ND ND ND ND ND 

TCL PESTXIDEWCBs Cppb) 

TCL Pesticides/PCBs -- 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 

NOTES: 
1) ARARwTBC indicates applicable oc relevant and appropriate requiements; TBC indicates to be considered vales (wfer to Section 4.2 foe flrther explanation). Shaded numbers exceed ARARITEK values 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for fwther explanation. 

3) ppb indicatesa concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, leu than detection limit. Refer to Section 2.2 for father explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 

6) The acronym adjacent to the ARARA’B C value indicates the source of the value. Refer to Table 4-2 or glossary fa futher explanation. 



, 
0 

TABLE 4-35 
AREA A DOWNSTREAM AND OBDA 

SUMMARY OF GROUND WATER ANALYTICAL DATA [INORGANICS AND RADIOLOGICAL1 \ 
PARAMETER/ ARARs/TBC 1 SAMPLE ID: 1 2DMWlODi 2DMWllS 1 2DMWllDi 2DMWlSDI 2DMW16S 1 2DMW16DI 3iIW12S / 3MW12D 

Aluminum 1 

TAL 1NORGANICS (ppb) 

200 TBC 1 SMCL 1 NDJ / ND 1 
1 1 ND 1 

ND 1 44.5 BJ 1 ND j ND 1 ND j ND 
Antimony 5TBc PMCl ND ) ND j ND 1 ND / ND 1 ND I A!P 
Arsenic SOARAR 1 MCL / ND 1 ND ( ND 1 ND 1 ND / -ND 1 ND ~-j 

Beryllium 
Cadmium 
Calcium 
Chromium7 
Cobalt 

Barium7 1 1OOOARAR / MCL / 39.6 B 1 29.4 B 1 104 B 1 31.6 B / 17.1 B 1 97.1 B 39.2 B 44.4 B 
1 ND 1 ND j ND 1 ND 1 ND 1 ND ND ND 

ND ND 16 J 
7340 2400 I 196000 64900 69400 

1TBc 
SARAR 

-- 

50 ARAR 
-- 

PMCL 
MCL 

MCL 1 ND 1 ND j ND / ND / ND 
ND 

ND 

lh R 

ND 6.3 B 1 ND ND 
1 287 J / 101 J 1 16900 1 83.4 BJ j 669 J 1 116W~ 1 1580 7090 

J / ND.J ND J 1 NDJ / ND / NDJ 
1 8960 J j 15600 / 11400 t 

ND 
340 

copper7 
Iron 
Lead 

1OOOARAR 

300 TBC 
15 ARAR 

MCL 

SMCL 
Action Level 

Magnesium 
Manganese 

-- 

5oTBc I SMCL 
IOB 5260 28800 50900 52000 

106 J I 1150 2390 49.7 339 2190 6010 6770 
ZARAR 1 MCL ND / NDJ ND ND NDJ ND NDJ ND 

100 TBC j PMCL 20.7 BJ 1 15.2 BJ 19.2 BJ 19.2 BJ 20.5 BJ 33.4 BJ 19.7 BJ 24.2 BJ 

Potassium 
Selenium7 
Silver7 

Sodium 
Thallium 
Vanadium 

-- 
10 ARAR 
50 ARAR 

28000 TBC 
1TBc 

20 TBC 

MCL 
MCL 

Notif. Level 
PMCI. 

USEPA HA 

5000 7210 7780 4440 B 2520 B 12600 14300 14900 

ND ND ND ND ND 1.8 B ND 2.5 B 
ND ND ND ND ND ND ND ND 

88800 190000 194000 57200 44500 319000 478000 560000 
ND NDR ND ND NDR ND pmmNp p ND 
ND ND ND N n I NJI 1 ND I Nn I Nn 

Zinc ) 5000 TBC 1 SMCL 1 8.1 BJ I 6.7 BJ 6.1 BJ 4 -.- -‘- -‘- -.- BJ 22.8 J / 23.3 J 14.4 BJ j 10.4 BJ 
Boron I 600TBC I USEPAHA 1 6900 J 1 7500 1600 3400 2200 I 11000 11000 I 11000 

Cyanide7 1 200ARAR 1 MCL 1 ND NDJ ND ND NDJ 1 NDJ NDJ 1 ND 

_.. -._ ,,JGICAL CONSTITUENTS @.3/L) RA l-tlf-ll / 

Gross Alpha7 I 5 I Screening Level 3.1 1 18.5 I 8.9 I 2.1 0.2 1.5 1 25.7 1 29.3 

NOTES: 
1) ARARs/TFK indicates applicable or relevant and appropriate requtements; TBC indicates to be considered values (refer to Section 4.2 for father explanation], Shaded numbers exceed AP.AR,TBC ~dlues 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 for father explanation. 

3) ppb indicates a conoencation of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for futher explanation. NA indicates not analyzed. 

5) Radiological constituent values have an assigned +/- range due to sample interference. 

6) The acronym adjamnt to the ARAR/TBC v&e indicates the source of the value. Refer to Table 4-2 a glossary for futher explanation. 

7) These values are base on CTDOHS MCLs which are lower than USEPA MCLs. CTDOHS may at some futrre time revi= their MCLs to cwrespond to U.S. EPA’s, 



AREAA 
SUMMARY OF VOCS DETECTED IN GROUND WATER 

WELL NO. I VOCS DETECTED/CONCEiNTRATION (ppb) 

lXf?L)FIu 
2LMw18S Benzene: 10* 

2LMW17D 

2LMW8S 

1,1,2,2 Tetrachloroethene: 1 
Ethyl Benzene: 2 
Xylene: 2 

2LhIW13D 
Trichloroethene: 
dichloroethene: 
tetrachloroethane: 

172 
1,1,2,2 

. WETLAND 
2WMwSS Xyiene: 

DOwNSTREAM/OBDA 
2DMW16D 1,2 dichloroethene: 

trichloroethene: 
1,1,2,2 tetrachloroethane: 

* Indicates drinking water AR4RITBC value exceeded. 

Chlorobenzene: 220 
Ethyl Benzene: 120 
Xylene: 840 

10” 
1 

140 

1 

13* 
17* 
7 

The solvent trichloroethene was detected above drinking water standards at 2LMW13D 
(10 ppb) at the west end of the landfill, and 2DhJW16D (17 ppb) upgradient of North Lake. 
This suggests a low concentration plume of solvents within the bedrock aquifer extending from 
the western portion of the former landfill downgradient to the North Lake area. As discussed 
in Section 3.0, the ground water in the bedrock aquifer does not appear to discharge to North 
Lake as there is no significant vertical head difference between wells 2DMW16S&D. The 
overburden aquifer which is expected to be discharging into North Lake did not contain any 
detectable levels of solvents. The plume appears to be fairly narrow, as no solvents were 
detected in the Area A downstream wells to the north (2DMWllS&D, 2DMWlOD, and 
2DMW15D). This is supported by review of the ground water specific conductivity data which 
is used as a landfii leachate indicator. Solvents were not detected in downgradient well 
3MW12D (OBDA), suggesting preferred fracture flow is occurring in the bedrock aquifer. 
However, this does not correlate with the cadmium data, which indicated elevated levels of 
cadmium at 2LMW13D and 3MW12D. The downgradient extent of the solvent plume, which 
is flowing in a westerly direction, is undefined. Section 8.0 includes recommendations for 
ground water elevation monitoring to further evaluate the ground water flow regime at 
North Lake. 

Benzene was detected at 10 ppb, above drinking water standards (5 ppb) at 2IMW18S, 
which may be related to the parked vehicles in this area; it was not detected in any other well 
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in Area A. 

Overall, the VOC concentrations for those wells where detected are low, given the 
historical use of Area A as a landfill. Although drinking water ARAR/TBC values are exceeded 
in three wells, the results do not indicate any significant ongoing release of VOC contaminants. 
As discussed in Section 4.11.1.3 (Soil Gas) and 4.11.1.4 (Subsurface Soil), low levels of 
petroleum hydrocarbons and solvents were detected throughout much of the Area A landfill area. 
This suggests a generally uniform low level area of soil contamination within the landfill, and 
no substantial source area. The deployed parking area and adjacent area to the east (also used 
for automobile storage/parking) exhibited the most uniform level of petroleum hydrocarbons, 
principally xylene and ethylbenzene. Benzene was not detected in any soil samples, but was 
present in soil gas samples in this area. The deployed parking area is likely the source of 
benzene detected in one well (2LMWl8S) at 10 ppb. 

PCB was detected at a concentration of 150 ppb at well 2LMW18S. This concentration 
far exceeds its solubility of 0.012 ppb. It is also Arochlor 1254 and not 1260, which was found 
near the concrete pad at Area A landfill. Further sampling of the well would be required for 
confirmation of the result. 

Cadmium was the only inorganic compound which exceeded primary drinking water 
standards within Area A. Lead was detected above the 15 ppb action level at 2WMW2D 
(22.4) ppb. Cadmium and lead concentrations above drinking water standards or action levels 
for lead are also detected in residential wells located east of Area A. The residential well 
sampling results are summarized in the subsequent report section. Cadmium was detected above 
the 5 ppb drinking water standards at 2WhXW3S (10.6 ppb), 2LMW18S (29.1 ppb), 2IMW13D 
(44.8 ppb), 2LMW18D (7.2 ppb), 2WMW3D (7.7 ppb), 2DMWl6D (5.1 ppb), 2WTMW5S 
(6.4 ppb) and 3MW12D (16 ppb). The source of these elevated levels of cadmium and lead 
in Area A would appear to be related to soils within the landfill and, possibly, OBDA. 
However, cadmium soil concentrations in the landfill only exceeded established background 
levels at one sample location (2IMWSS). It is possible that higher concentrations of cadmium 
exist in the landfill, at locations other than the sample points. Dissolved cadmium levels in Area 
A ground water may be partially attributable to low pH values for some wells. Values of pH 
were included as Table 2- 10 in Section 2.0. Low pH values may be partially attributable to 
landfill and wetland dredge spoil material. However, low pH values may also be partially 
attributable to natural conditions as evidenced by the lowest pH value (5.2) at upgradient 
background well 2WMW2D. At wells 2LMW3S and 2LMW18S, the upward vertical head 
gradient should minimize the transport of cadmium from the landffi into the bedrock aquifer. 
However, at bedrock well 2LMW13D, where there is a strong upward vertical head, the 
cadmium is present in the bedrock system due to a source, either upgradient within the landfii, 
or another unknown upgradient source. The former Weapons Center is upgradient of this area 
along Wahoo Avenue, however, the lack of high levels of cadmium in other nearby bedrock 
wells (2LMW9D, 2LMW17D, and 2LMW14D) does not strongly support an offsite source, but 
rather a landfill source. 

Cadmium concentrations in Area A monitoring wells are illustrated on Plate 4-2. 
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Based on ground water flow directions discussed in Section 3.0, overburden ground water 
flow along the central and eastern portion of the landfill is toward the wetland, and along the 
western portion of the landfill to the northwest, down the Area A downstream watercourse 
valley. Therefore, the cadmium ground water contamination appears confined to the landfill and 
the OBDA area. Cadmium was only detected in well 3MW2D in the OBDA, suggesting a 
potential confined plume to the northwest although, due to preferred bedrock flow patterns, other 
wells may not have intercepted the cadmium and, therefore, the cadmium plume is undefined. 
Bedrock fractures, as discussed in Section 3.0, are oriented along the axis of Area A 
Downstream, in the direction of ground water flow. 

Of importance to this investigation is the direction of bedrock ground water flow in this 
area, due to the detection of cadmium in several offsite residential wells to the east of Route 12. 
Inspection of the bedrock ground water contour map indicates that the residential wells along 
Route 12, Baldwin Hill Road and North Pleasant Valley Road are upgradient of Area A, and 
would not be affected by conditions at the site. Most of these wells had bedrock ground water 
elevations substantially higher than wells containing cadmium in Area A (2WMW3D, elevation 
76 feet). However, residential wells near the NSB-NLON east gate, southeast of Area A, had 
bedrock water elevations (7580’) in the same range as 2WMW3D, the closest bedrock well in 
Area A. Therefore, based on the available data, it is indeterminate if these wells are upgradient 
or downgradient of the western portion of the Area A Landfill. This issue is further discussed 
in Section 8.0. 

Iron and manganese exceeded secondary drinking water standards in many Area A wells. 
The results for 2WMWlD and 2WMW2D (upgradient wells) and the residential well analytical 
results (Section 4.10.5) were much lower for iron and manganese, which indicates a source of 
these inorganics within the Area A landffl material and wetland sediments. 

Radiological ARAR or screening parameters were exceeded in nine of the 20 samples. 
These occurred at 2LMW7S, 2LMW9D, 2WMW3D within the landfill area; 2WMW4D near 
the Weapons Center; and 2DMWllS, 2DMWllD, 3DMW3S, and 3DMW3D within the Area 
A downstream area. Gross alpha radiation in four wells, gross beta radiation in one well, and 
gross alpha and beta radiation in one well were detected. These elevated readings could be the 
result of naturally occurring radioisotopes which do not meet the gross screening criteria. 
Further sampling and analysis is required for confirmation. 

4.11.5 Residential Well SamDling 

A residential well sampling and analysis program was conducted to assess ground water 
quality in offsite areas near Area A. 

The locations of the residential wells are shown on Figure 4-25. 

The results of the analysis program (first round) are summarized on Tables 4-37 
(organics) and 4-38 (inorganics). The second and third rounds are summarized on Table 4-39 
(organics and inorganics). 
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TABLE 4 - 31 
OFFSITE RESIDENTIAL WELLS (FIRST ROUND) 

SUMMARY OF WELL WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER 
ARARS SAMPLE ID: 1 OSWl ) 0sw2 osw3 osws OSW6 osws 

TBC LOCATION: ) 
1 osw7 [ 

1488 Rte 12 7 Pinekck Dr 1053 Long cove Rd 1037 Long cog Rd 1458 R!c 12 40 Pinclcc k Dr 1292 Rtc 12 

l’CL V0LATYL.E ORGAUICS (ppb] 
Chloromethane 

Methylene Chloride 

Xylene (total) 

-- ND ND ND ND ND ND ND 
2.5 ARAR CTDOHS HA ND ND ND ND ND ND ND 

1OCQOARAFI MCL ND ND ND ND ND ND ND 
Total Volatile Organics 

TCL SEMI- VOLATlLE ORGANKS (ppb) 
PhthlatC~ 

bis(2-ethylhexyl) phthalate - - ND ND ND ND 35 1 ND ND 

‘ICL PestickWPCBs I I I ND 1 

TEL Pl.3.snclDm& {ppb) 

ND I 
ND 

I -- ND 
I 

ND 1 ND 
I 

ND 

PARAMETER 
ARABa SAMPLEID: 1 OSW9 j OSWlO 1 OSWll osw 12 1 osw13 1 osw14 

1 

) osw15 

TBC LOCATION: 1477 Rte 12 10 Skepy Hollow 18 Skcpy HoUmv 1444 Rtc 12 162 Military Hwy 4.8 Pinelock Dr 16 Sleepy Hollow 

I I 
lCL VU&AT&E ORGANICS (ppb) 

1 Chloromethane 

lloride 

-- ND ND ND ND ND ND 27 J 

25 TBC CTDOHSHA ND ND ND ND ND ND 45 

1oaaARAR MCL ND ND ND ND ND ND 2JY 

1) ARARslTBC indicates applicable or relevant nod appropriats rcquircmcots; TBC indicates to bc considered values (refer to Section 4.2 for further cxplaoatioo). Shaded numbers cxcccd ARAIUTBC values. 

2) Assigned lcttcra adjacclrt to numerical valuer arc data qualifiers. Refer to Stction 211 for further cxplanatioa 

3) ppb indicates a concentration of parts psr billion; ppm is parts pa million. 

4) ND means not detcctcd, less than detection limit Refer to Section 2.2 for fun&r information. NAindicates not analyxd. 

5) Only the paramctcn dctcstcd are listed above, all othcn were not detected. 

6) The acronym adjaocnt to the ARARJTBC value indicates tbc source of the value. Refer to Table 4-2 or glossary for further information. 

c II ,/ 4 il 
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TABLE 4-38 
OFFSITE RESIDENTIAL WELLS (FIRST ROUND) 

SUMMARY OF WELL WATER ANALYTICAL DATA (INORGANICS) 

SAMPLE ID: 1 OSWl 1 osw2 ) osw3 osw5 OSW6 1 osw7 OSW8 
PARAMETER ARARfTBC LOCATION: 1 1488 Rte 12 1 7 Pinelock Dr 1 1053 Lon~ Cove Rd 1037 Long Cove 1 1458 Rte 12 140 Pinelock Dr 1292 Rte 12 

A TAL. INORGANICS [ppb) 
Aluminum 200 TBC 1 SMCL 1 62.1 BJ I 9687 1 44.3 BJ 1 51.4 BJ 1 ND 1 ND 1 33.8 BJ 
Antimony 5 TBC ) 1 

1 
PMCL 1 

Arsenic 
Barium’ 

qD ND ND ND ND ND ND 
50 ARAR 1 MCL / ND ND ND ND ND ND ND 

1000 ARAR ( MCL 1 43.8 B ND 43.6 B 30.4 B ND ND 38.6 B 
\rn ND ND ND ND ND ND Beryllium 1 TBC ) PMCL 1 1 

Cadmium 5ARAR 1 MCL 1 ND 1 ND NDJ ND 1 26.3 1 ND I 
Calcium 

Chromium’ 
1 Cobalt 

-- 1 11200 j 5610 26200 1 10700 1 8590 I 12900 I 6410 
15ARAR 1 MCL j ND 1 ND ND ND j ND / ND 1 ND 

ND -- I ND 1 ND ND ND 1 ND / ND 
Copper’ 1000 ARAR ( MCI. ( 30.6 / 66.3 29.1 388 j 48.2 I 87.6 1 67.5 

j 203 1 204 198 603 1 128 / 128 1 75.3 B Iron 300 TBC SMCL 

Lead 15 ARAR ActionLevel 1 ND 8.4 2.4 B 4.6 B 11 / ND 8.6 I 
Magnesium -- ( 1900 B j 1040 B 3190 B 1820 B / 2200 B 1 1340 B 

I .-- / 
1280 B 

1 Manganese 50 TBC / SMCL / 11.1 B 1 14.4 B I 244 I 9.2 B 1 ND 1 ND I 3.5 B 
Mercury 2ARAR 1 MCL / 1 ND 0.4 ND ND I ND / ND 1 ND 
Nickel 100 TBC 1 PMCL 1 ND / ND ND ND I ND I ND ND 

1 Silver’ 50ARAR 1 MU 1 

Vanadium 
Zinc 
Boron 
Cyanide 

20 TBC USEPAHA 
5000 TBC SMCL 13.3 BJ 12.9 BJ 

600 TBC USEPAHA 21 
200 ARAR MCL 



TABLE 4-38 (continued) 
OFFSITE RESIDENTIAL WELLS (FIRST ROUND) 

SUMMARY OF WELL WATER ANALYTICAL DATA (INORGANICS) 

SAmruz 1”. , UJWJ 
PARAMETER ARAR/TBC LOCATION: I 1477 Rte 

.\‘O, c .n. , r\nrrrg OSWlO OSWll ) OS..-- , -- -- I I 
12 1 10 Sleepy Hollow 1 18 Sleepy Hollow I 1444 Rte 12 I 162 Militr 

INORGANICS &y - 

Manganese 
Mercury 
Nickel 
Potassium 
Se!eniumy 

50 TBC 
2 ARAR 

100 TBC 
-- 

10 ARAR 
ARAR Silver7 50 

SMCL 
MCL 

PMCL 

MCL 

11.2 B 226 15.7 4.5 B ND ND 8.6 B 
ND ND ND ND 1.3 ND ND 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND 

D ND ND ND 
Sodium 1 28000 TBC I NC 
Thallium 
Vanadium 

TBC 
TBC 

( ~~~~ MU ND 
btif. Level 4210 B 

1 PMCL ND 
1 USEPAHA ND 

SMCL 23.2 J 
1 USEPAHA 1000 

MCL NDJ 

Zinc / 5000 TBC 1 
Boron 1 600 TBC 

Cvanide 200ARAR 1 

ND ND 3 
7810 3530 B 11800 15100 5990 J 3330 BJ 

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

42 J 33 J 30 J 12.3 BJ 19.3 BJ 17.7 w 
1000 1000 1500 2@OO 2ooo 1000 
NDJ NDJ 1 N- - 

NOTES: 
1) ARAWIBC indicates applicable or rekvant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 for further explanation). Shaded numben exceed ARAWBCvalues 

2) Assigned letten adjacent to numericalvalues are data qualifiers. Refer to Section 2.11 for further explanation 

3) ppb indicates a concentration of pats per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for fuliher explanation. NA indicates not an$%d. 

5) Radiological constituent values hwe an assigned +I- range due to sample interference. 

6) The acronym adjacent to the ARARKK value indicates the source of the value. Refer toTable 4-2 orglossary for further explanation. 

7) These values are based on CTWHS MCL which are lower than USEPA MCLS. DTDOHS may at some future time. revise their MCLs to correspond to U.S. EPA?.. 



* TABLE 4-39 

is 
OFFSITE RESIDENTIAL WELLS (SECOND AND THIRD ROUND) 

n SUMMARY OF WELL WATER ANALYTICAL DATA (ORGANICS AND INORGANICS) 

e r 
G 

SAMPLE ID: 1 
LOCATION: 1 

1 OSW8 1 OSW9 1 
I I I 

I oswl5 I osw21 I osw22 
1140 N. Pleasad 1 1130 N. Pleasant 

Aluminum 

Antimony 

AWXliC 
Barium’ 

200 TBC 
5 TBC 

50 ARAR 
1000 ARAR 

SMCL 

PMCL 

MU 

MU 

NDJ 21.8 B ND ND 41.2 B ND 
ND ND ND ND ND ND NA j ND ,w 

ND ND ND ND ND ND j NA 1 ND 1 ND 

ND 13.4 B SO.1 B 15.8 B ND 

Cobalt 
Copper’ 

Iron 

-- ND ND ND ND I ND 
1000 ARAR MU 221 158 283 247 [ 19.5 BJ 1 27.5 
300 TBC SMCL 88.1 .I 46.8 Bl 60.7 BJ 142 

Lead 15 ARAR / ActionLevel ( 16.8 J 
Magnesium -- 1660 B 1670 B / 1310 

sodium 

Thallium 

Vanadium 
Zinc 

Silver’ SOARAR 1 MU 1 ND / 5.8 B ND I ND / ND 1 ND / NA ND ND ND 
B 8950 1 9170 1 NA 10200 8600 16200 

ND ND ND 
ND 

I 25.1 62 J 34.4 J 14.8 BJ 33.6 NA 16.3 BJ 28.2 15.7 J 

600 TBC / USEPAHA [ 1160 1100 1270 770 1180 1100 NA 1200 1200 1200 

ND ND ND ND ND NA 15.1 ND ND 

28000 TBC 

1 TBC 

20 TBC 
5000 TBC 

Notif. Level 

PMCL 
USEPA HA 

SMCL 

8740 8820 34600 3540 
ND ND ND ND I ND / 2.4 B I NA 

ND ND ND ND 1 ND 1 ND 1 NA I 33.1 B ] ND 

22.1 1 



TABLE 4-39 (contimed) 
OFFSITE RESIDENTIAL WELLS (FIRST ROUND) 

SUMMARY OF WELL WATER ANALYTICAL DATA (ORGANICS AND INORGANICS) 

Beryllium 1 TBC PMCL ND / ND 1 ND 
Cadmium 5 ARAR MU ND 1 2.8 B 1 N 

Calcium -- 5150 

D 1 3.1 B / ND 1 2.1 B 1 ND / ND I ND I ND I 

Chromium7 
Cobalt 

6650 8010 8500 7020 3560 B 4400 B 15500 4200 B 6280 
1 SOARAR 1 MU 1 ND ND ND ND ND ND ND ND ND ND 

-- ( ND ND ND ND ND ND ND ND ND 6B - 
Copper’ 1 1000 ARAR / MU 1 159 I 57.4 1 65 1 25 BJ 1 108 1 460 1 252 I 13s 12s 14.6 B 

IrOn 1 300 TBC 1 SMCL 1 606 ( 68.1 BJ 1 74.8 BJ 1 43.5 BJ 1 46.1 BJ 1 191 J 1 94.2 BJ 1 75 BJ 1 92.3 BJ 1 91.3 BJ 

Lead 15 ARAR Action Level 1 322 4.1 B 1 5.4 J 1 2.4 BJ 1 11.7 J [ 5.6 1 ND J 1 5.6 4.1 B 1 13.4 J 
Mamesium . --ci------ 

MatlgUl.22 

MWlUy 
Nickel 

Potassium -- 1 1520 BJ j 1750 BJ [ 2160 B 1 2130 BJ j 23’ 

SellXliUUl7 1 10ARAR / MU 1 ND 1 ND 1 ND 1 ND / N 

I -- I I I I 177” R _..- - 1 1480 B 1 1780 B 1 1960 B 1 1640 B 1 893 B 1 1090 B 1 2420 B 1020 B 752 B 

1 SO TBC ( SMCL 1 56.7 / 12.4 B / 17.2 1 134 / 32 ( ND ( 3.3 B 1 3.1 B 9.9 B 37 

SARAR 1 MU 1 ND 1 ND 1 ND 1 ND / ND 1 ND 1 ND r Nt 1 ND ND 

1 100 TBC ( PMCL / ND / ND / ND 1 ND / 8.9 BJ 1 ND 1 N D ND ND 8.2 BJ 

10 B 1 621 BJ 1 1340 B 2140 BJ ND 474 B 

D I ND 1 ND ND ND ND 
Silver7 

Sodium 
Thallirrm 
Vanadium 

SO AtiR MU ND ND ND ND ND 1 ND ND ND ND ND 

28000 TBC Notif. Level 11800 28000 24900 9260 11000 1 11100 8740 11600 19400 8190 

1 TBC PMCL ND ND ND ND 2.4 B 1 ND ND ND ND 26 B 
I 20 TBC I USEPAHA I ND / ND 1 ND 1 ND / ND i G tN . .~ ..D ND ND ND 

Zinc 1 So00 TBC 1 SMCL 1 30.5 J 44 J 1 37 19 BJ 64 42.9 J 57.1 31.5 J 18.7 BJ 41.3 

( 600 TBC ( USEPAHA ( 1300 1 1080 1 l300 1 1850 1 1800 960 8.50 1560 960 1300 
r-l him hln 
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The first round of sampling indicated low levels of chloromethane, methylene chloride, 
and xylene at OSW15 (16 Sleepy Hollow), but below drinking water standards. This well was 
resampled for VOCs in the second round and none were detected. The first sampling round 
indicated the presence of cadmium at OSW6 (1458 Route 12) above primary drinking water 
standards (5 ppb) at a concentration of 26.3 ppb. Lead was present above its action level of 
15 ppb in wells OSW6 (16.8 ppb, 2nd round), OSWlO (38.8 ppb, 1st round), OSW23 (32.2 
ppb, 2nd round), and OSW21(18.1 ppb, 2nd round). The lead levels measured during the 
second round in residential wells OSW6 and OSW21 were only slightly above the 15 ppb 
action level (16.8 ppb and 18.1, respectively) and were below the action level in the 
subsequent sampimg round. The lead levels measured in residential wells OSWlO and 
OSW23 are higher than levels in Area A ground water and these wells are located in 
opposite directions from Area A, i.e., OSWlO is northwest of Area A and OSW23 is 
southeast of Area A, indicating that Area A ground water does not appear to be the source 
of this contamination. A common cause of lead contamination in residential water supplies 
is corrosion of lead from pipes, solder, and other plumbing fiiures. The action level is the 
level that, if exceeded at the tap, would require a public water utility to implement 
corrosion control procedures and, if necessary, source water treatment and lead service line 
replacement as necessary to reduce lead concentrations below 15 ppb. The MCL or 
drinking water standard for lead is 50 ppb, however, EPA has indicated that they plan to 
lower this level in the future. Other compounds (iron, manganese, aluminum and sodium) 
were detected in other wells which exceeded secondary drinking water standards, and are 
attributable to natural ground water conditions. 

Due to the presence of cadmium, the second sampling round was conducted to expand 
the sampling program to areas east of Area A on Route 12, North Pleasant Valley Road, and 
Baldwin Hill Road. The second sampling round did not detect any metals above primary 
drinking water standards. Also, cadmium was not detected at 1458 Route 12, where it was 
previously present. Cadmium was detected at low levels at five of 13 wells sampled in the 2. l- 
3.1 ppb range, below the 10 ppb standard. As previously discussed, an assessment of the 
ground water hydrogeology of this area indicates that the presence of cadmium in the offsite 
residential wells is not attributable to the detection of cadmium within Area A at NSB-NLON, 
with the possible exception of well OSW25 to the southeast, which contained cadmium below 
standards but could be downgradient of Area A Landfill. 

The cadmium level within the residential sample area appears to be a natural background 
concentration in the ground water. Another round of residential well sampling is planned to 
further confii the analytical results. 

. 

The cadmium concentrations are summarized on Figure 4-25. 

Boron was found in all residential wells above the TBC value of 600 ppb, which is 
based on an EPA health advisory. Concentrations of boron detected ranged from 770 to 
2000 ppb. The source of this boron is unknown. Section 8.0 contains a recommendation 
to determine the source of boron in the residential wells. 
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4.11.6 Area A Surface Water 

Fifteen surface water samples were collected within Area A, which includes the landfill, 
wetland, downstream areas and Thames River. These samples were collected to assess the 
surface water quality. Sample locations are shown in Figures 4-16 and 4-22, and Plate 4-l. The 
site analytical program for surface water sampling is summarized in Section 2.0, Table 2-12. 

Surface water analytical results are summarized in Tables 4-40 (organics) and 4-41 
(inorganics and radiological). 

Low levels of VOCs were detected at sampling points 2DSW5, 2DSW7, 2DSW8, 
2DSW12, and 2DSW13. Except for 2DSW8, constituents detected are in petroleum 
hydrocarbons and could be associated with runoff. Sample 2DSW8 (near Triton Avenue) 
contained 3 ppb of tetrachlorethene and 2 ppb of styrene. No ARARs or TBCs were exceeded 
for the VOCs. 

No SVOs were detected at any of the sampling locations. 

No pesticides or PCBs were detected at any of the sampling points except for 2DSW4, 
which contained 1.9 ppb of DDD. This sample is in the area where high levels of DDT and 
related compounds, including DDD, were detected in sediments. It is likely that the origin of 
DDD in the surface water is from the sediments. 

ARARs/TBCs for inorganics were exceeded at several sample locations for cadmium (3 
of 15), copper (15 of 15), iron (11 of 15), lead (11 of 15), manganese (13 of 15), zinc (14 of 
15), and mercury (1 of 15). These ARAF& are based upon in-stream water quality criteria and 
standards to protect aquatic life and may not be appropriate to the wetlands and small drainage 
streams. The presence of iron and manganese in surface water may be a result of the low pH 
and reduced conditions created by the Area A Landfill. The stream beds within Area A 
Downstream were heavily stained, which supports the elevated iron and manganese levels. 
Natural surface waters seldom contain concentrations above those measured at NSB-NLON. 
Some of the iron and manganese may originate from wastes, however, the majority of what is 
detected in surface water is probably being leached from native soils. Of note are the ARAR 
exceedances in the Thames River at sample locations 2DSW12 for manganese and iron, and at 
2DWS13 for manganese. These samples were collected approximately ten feet away from 
the outfalls of the Area A downstream watercourses. Area A upstream surface water samples 
also contained elevated levels of iron and manganese, whereas surface water samples in the 
Thames River at DRMO and Goss Cove did not contain levels above ARARs. The iron 
standard of 1000 ppb is based upon chronic aquatic toxicity WQC and the manganese standard 
is based upon WQC for human health risks from fish consumption. 

Copper and zinc were detected in concentrations above background in soils at the Area 
A Landfill. Copper and zinc are found naturally in surface waters, and concentrations above 
water quality standards have been measured at several sampling locations in Connecticut 
(USGS, 1991) and in the upgradient sample location (2WSWl). However, until an 
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TABLE 4-40 
AREA A WETLANDS AND DOWNSTREAM 

SUMMARY OF SURFACE WATER ANALYTICAL DATA (ORGANICS) 

NOTES: 
1) ARARwTBC indicates applicable oc relevant and appropriare requirements; TBC indicates to be considered values (refer LO Section 4.2 for further explanation). Shaded numbers exceed ARARA’BC values. 

2) Assigned letters adjacent to numerical valuer are data qualifiers. Refer to Secfion 2.11 far further explanation. 

3) ppb indicates B concentration of parts per billion: ppm is parta per million. 

4) ND mealy not detected, less than detection limit. Refer to Section 2.2 for further explanation. NAindicates not analyzed. 

5) Only the parametersdetected are listed above, all others were not detected. 



P 
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TABLE 4-41 
AREA A WETLANDS AND DOWNSTREAM 

SUMMARY OF SURFACE WATER ANALYTICAL DATA (INORGANICS AND RADIOLOGICAL) 

c /I/ 



TABLE 4-41 (continued) 

AREA A WETLANDS AND DOWNSTREAM 
SUMMARY OF SURFACE WATER ANALYTICAL DATA (INORGANICS AND RADIOLOGICALS) 

NOTES: 
1) ARARvTBC indicaes applicable cr relevant and appropriate requirements; TEC indicatesto be considered values (refer to Section 4.2 fcr further explanaion) Shaded numbers exceed ARARA%Cvalues 

2) Assigned laters adjacent to numaicalvalun are data qualifier Refer to Section 211 la funha aplanatiar 

3) ppb indicaer a cmemtation d parts per billion; ppm is parts per million 

4) ND meana na detested, less than ddection limt. Referto Section 22 fcr futther explanation. NA indican nd analyzed 

5) Radidagical consituen values have an asigned cl- range due to sample irretference 

6) Ihe acronym adjacent totheARAR/I’BCvalue indicaes the source olthevalue. Refer to Table 4-2 ccglmsay fcr further explanation. 



upgradient source can be verified, it is assumed that the elevated concentrations originate from 
the Area A Landfill. 

/ 

-d 

Cadmium and lead are present above levels normally seen in natural surface waters and 
are present both in the Area A wetlands and landffi soils and sediments. The presence may be 
the result of historical disposal activities. However, cadmium and lead were detected in the 
upgradient sample location (2WSWl) above ARARs. 

Mercury was only detected in one surface water sample (2DSW9). This location 
(adjacent to Triton Road) is immediately downgradient of two sediment sampling locations where 
mercury was found. Although these two sediment mercury concentrations were below 
background, mercury was not detected in all other sediment samples. There was one occurrence 
of mercury above background concentrations in Area A Landfill soils. Mercury is rarely found 
in natural surface waters above 1 ppb. The source of the mercury in sediments is not apparent, 
however, historical disposal in Area A Landfill is possible. It is more likely that past spillage 
upgradient of sample locations 2DSD7 and 2DSD8 along Triton Road occurred. It is noted that 
sediment sample 7SD1, within a runoff swale from the Torpedo Shop, contained no mercury, 
nor did any other soil or ground water sample at the Torpedo Shop. 

All of the radiological results were below ARAR screening values. 

4.11.7 Perimeter Securitv Road Sediment and Surface Water Saumling 

A total of three surface and sediment samples each were collected at locations as shown 
on Figure 4-25. These samples were collected to determine if there has been any offsite 
migration by sediment or surface water transport at this stream location. The analytical program 
for offsite sampling is summarized in Section 2.0, Table 2-9 (sediment) and Table 2- 12 (surface 
water). 

,.; 

4.11.7.1 Sediment 

Sediment analytical results are summarized in Tables 4-42 (organics) and 4-43 
(inorganics) . 

VOCs were not detected in any of the sediment samples. 

PAHs (phenanthrene, fluoranthene and pyrene) were detected at low levels in the three 
samples. Concentrations decreased as sample locations moved downstream. 

Pesticides (DDD and DDE) were detected in the two upstream samples with 
concentrations decreasing as sample locations moved downstream. These concentrations are 
probably due to historical pesticide application at NSB-NLON. 

Metals were only present above background concentrations at the upstream sample 
(OSSD3). This sample contained concentrations slightly above background of beryllium, 
selenium, and boron. There is no known apparent source of these materials. 
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TABLE 4-42 
OFFSITE STREAM 

SUMMARY OF SEDIMENT ANALYTICAL DATA (ORGANICS) 

PARAMETER I I-UC 1 SAMYLE Ml: I USSIJI I UbblJL I UJJlJ3 

TCL VOLATILE ORGANICS (ppb) 
TCL Volatile Organics ND ND ND 

TCL SEMI- VOLATILE QRGANICS (wb) 
Nonearcina~enic PAH 
Phenanthrene ND ND 89 J 

Fluoranthene 57 J 80 J 120 J 

Pyrene NDJ ND 120 J 

Total Noncarcinogenic PAH 57 80 329 

TQ PESTKIDESffC3s {ppb) 

4,4’ DDE 500 TBC ND 17 JX ND 

4,4’ DDD 500 TBC ND 28 JX 510 x 

NOTES: 
1) ARARs/l”BC indicates applicable or relevant and appropriate requirements; ‘IlKindicates to be contidered values (refer to Sections 42 and 4.3 la further explanation). Shaded numbers exceed TBC values 

2) Assignedletters adjacent to numerical values are data qualifiers. Refer to Section 2.11 far further explanation. 

3) ppbindicates a concenration of parts per biion; ppm is parts per million. 

4) ND means not detected,less than detection limit. Refer toSection 22 far further information. NA indicates not analyzed. 

5) Only the parameters detected far volatile organics and semi-volatile organics are listed above, all others were not detected. 



TABLE 4-43 
OFFSITE STREAM 

SUMMARY OF SEDIMENT ANALYTICAL DATA (INORGANICS) 

NOTES: 
1) Background values are discussed in Section 4.3. Shaded numbers exceed background values. 

2) Assignedlettas adjacent to numerical values are data qualifiers. Refer to Section 2.11 fcr furtha explanation. 

3) ppbindicates a concen+ation of parts per billion; ppm is parts per million. 

4) ND means not detected,less than detectionlimit. Refer to Section 22 for further explanation. NAindicates not analyzed. 



4.11.7.2 Surface Water 

Surface water analytical results are presented in Table 4-44 (organics) and 4-45 
(inorganics) . 

Other than 4 ppb of chloromethane in OSSW2, no VOCs were detected. It is of interest 
to note that chloromethane was noted in the first residential well sampling round at OSWl, 
however, it was not detected in the second sampling round. 

No SVOs, PCBs, or pesticides were detected in surface water samples. 

ARARs/TBCs were slightly exceeded for lead at OSSWl, OSSW2, and OSSW3, for 
cadmium at OSSW2, for zinc at OSSWl and OSW3 and for manganese at OSSW3. There is 
no correlation between upstream and downstream concentrations. The ARARs exceeded are 
based on in-stream water quality criteria or standards to protect aquatic life. 

4.12 DRMO 

The Step II field investigation at this site consisted of radiation, geophysical, and soil gas 
surveys. Test borings, ground water monitoring wells, and soil, surface water, and ground 
water sampling and analysis were also conducted. 

4.12.1 Radiation 

At this site, 372 measurements were made. All were well within what is considered 
normal background radiation for this region. No measurement in this area exceeded 17 @/hr. 
The complete Radiological Assessment Report is provided in a separate bound report. 

Grid survey points for radiation, geophysics, and soil gas surveys are shown on Figure 
4-26. 

4.12.2 Geophvsics 

GPR, magnetometry, and EM conductivity data were obtained to characterize subsurface 
conditions at the DRMO area. Extensive surface metal (buildings, objects awaiting auction, 
utilities) were present at this site, thus limiting the applicability of EM and magnetic methods. 

Background magnetic values at this area should be in the vicinity of 55,000 to 56,000 
gammas. Values at this site vary considerably from background even in areas relatively free of 
surface metal. Consequently, buried metal objects are likely throughout large portions of the 
DRMO area. 

Based on a combination of GPR, magnetometry, and EM conductivity data, potential 
locations of significant buried metal objects are at the following grid points as shown on Figure 
4-26: 16A, 19B (lo& feet south along line B) and 21C. 
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TABLE 4-44 
OFFSITE STREAM 

SUMMARY OF SURFACE WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER 1 ARARs/l’BC 1 SAMPLE ID: 1 OSSwl 
TCL VOLATLQ? GRGAJWCS (ppb) 

Chloromethane ND 
Total Volatile Organi& 

TCL SEMI- VOL TlLE QRGANICS (ppb) 
TCL Semi-Volatile Organics ND 

1 0.00059 ARAR 1 
TCL PBSTICIDES..CBs (ppb) 

4,4’ DDE 1 ND 

osSw2 osSw3 

4J ND 
4 

ND ND 

[ ND [ ND 

NOTES: 
1) ARARs/IBCindicates applicable or relevant and appropriate requirements; TE?C indicates to be conidered values (refer to Section 4.2 for further explanation). Shaded numbers exceed ARARKBC values 

2) Assignedletters adjacent to numerical values are data qualifiers. Refer to Section 2.11 fcr furthm explanation. 

3) ppbindicates a concentation of parts per biiion; ppm is parts per million. 

4) ND means not deteeted,less than detection limit. Refer to Section 2.2 fcr further explanation. NAindicates not analyzed. 

5) Only the parameters detected arelisted above, all others were not detected. 



TABLE 4-45 
OFFSITE STREAM 

SUMMARY OF SURFACE WATER ANALYTICAL DATA (INORGANICS) 

PARAMETER 1 ARARs/rBC 1 SAMPLEID: 1 OSswl 
TAL INORGA.lUCS fppb) 

osSW2 osSw3 

Uuminum -- 688 143 BJ 103 BJ 
4ntimony 1600 ARAR WQC ND ND ND 
4rsenic 0.14 ARAR WQS ND ND ND 
Barium’ -- 17 B 19.1 B 20.2 B 
Beryllium 0.013 ARAR WQS ND ND ND 
Cadmium 0.66 ARAR WQS NDJ 3.2 BJ NDJ 

NOTES: 
1) ARARs/lBC indicates applicable or relevant and appropriate requirements; TEIC indicates to be considered values (refer to Section 4.2 for further explanation). Shaded numbers exceed ARARflBC values 

2) AsQwdletters adjacent to numerical values are data qualifiers. Refer to Section 2.11 fcr further explanation. 

3) ppbindicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected,less than detection limit. Refer to Section 2.2 fa further explanation. NAindicates not analyzed. 

5) Radidogical constituent values have an assigned t/- range due to sample interference. 

6) The acronym adjacent to the ARARABC value indicates the source of the value. Refer to Table 4-2 or glossary for further explanation. 

7) These values are based on Cl’DOHS MCLs which are lower than USEPA MCLs. CTDOHS may at some future time revise their MCLs to correspond to U.S. EPA%.. 
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The complete geophysical report is provided in a separate bound report. 

4.12.3 Soil Gas 

A total of 53 soil gas samples were analyzed, approximately half of which were under 
pavement. 

High to moderate levels of VOCs were detected at SG23 and SG28. Benzene, toluene 
and trichloroethene were detected. These results correlate well with the soil analytical data for 
6TB4, which was located near SG23. As subsequently reported in this section, high levels of 
trichloroethene were detected in the soil samples at this location, including other solvents and 
petroleum hydrocarbons. 

Moderate levels of trichloroethene, and trace levels of tetrachlorethene were detected at 
SG2, located approximately 50 feet north of Building 49 1. Although no test boring was drilled 
at this location, other sampling points in the vicinity (6TB6, 6TB7, 6SSlC) did not detect 
significant concentrations of VOCs. 

There was also many trace to low levels of benzene, toluene, and tetrachloroethene 
scattered about the site. 

A review of the soil gas and geophysical data does not suggest that the detection of any 
significant buried metal objects correlate with any high soil gas measurements. 

Figure 4-27 depicts relative concentrations of total soil gas VOC concentration for the 
site. Complete soil gas data tables for this site are provided in Appendix A. 

4X.4 Subsurface and Surface Soil 

Twenty-four soil samples were collected from 12 test boring/monitoring well locations 
at this site. Four surface soil samples were also collected and analyzed. The goal of the soil 
sampling program was to further define the extent of soil contamination at this site, as a follow- 
up to the previous Step I study. Sample locations are shown on Figure 4-28. The site analytical 
program for the soil samples is summarized in Section 2.0, Table 2-7. 

Some evidence of the former landfii was encountered during the drilling, including wood 
fragments, brick, metal, but predominantly earth fill material. The depth of fill varied from five 
to 20 feet. Field measured organic vapor (HNu) levels above background were detected in about 
half of the borings. 

Analytical results are summarized for subsurface soils in Tables 4-46 (organics) and 4-47 
(inorganics) and for surface soils in Tables 4-48 (organics) and 4-49 (inorganics). Figures 4-29 
and 4-30 provide bar graphs of total VOC/SVO, and pesticide/PCB concentrations, respectively, 
in soil at O-2 feet, 2-6 feet, and 6-10 feet intervals, respectively. The bar graphs are oriented 
generally from the north to the south on the site to illustrate spatial distribution of chemical 

PHASE I RI NSB-NLON 4-129 AUGUST 1992 
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TABLE 4-46 
DRMO 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 
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TABLE 4-46 (continued) 

DRMO 
SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLE ID:/ CMWlS I6MWlS 16MW2S (6MW2S 16MW3S 16MW3S j6MW4S I6MW4S 16MW5S (6MWSS 1 6TBl ( 6TBl 

PARAMETER TBC DEPTH(ft):l O-2 1 4-6 1 O-2 1 2-4 1 O-2 ] 2-4 ( O-2 1 2-4 1 O-2 1 S-10 1 O-2 1 2-4 

ProbrWa clnir~c~ic PAM 

190 J 110 J 240 J 710 ND 4On 1 I wnn - _ ---- I onn T I Nn xyv - A.- I Nn I.y I tnn 1 
IYV ., 

110 1 
I.” ., 

I 19n J I 1 tn .I I 35n 1 I 7x11 I tm I AA 

1 BenzolaLmthracene 1 -- 1 

1 Chrvsene -- 1 93 J 1 210 J 1 _._ _ -  -  -  -  - -  _ -  . - -  . . I  -JO J 3000 1400 J ND ND 

Benzo(b)fluoranthene -- 210 JY 160 JY 380 JY 1000 Y ND 520 JY 2700 Y 1400 JY ND ND 1.50 JY 600 Y 

Benzo(k)fluoranthene -- 88 JY 65 JY 240 JY 300 JY ND 390 JY 4000Y 1300 JY ND ND 47 JY 100 JY 

Benzo(a)pyrene -- ND ND ND 780 ND 480 J 4000 1800 J ND ND ND 320 J 

Indeno(l,2,3-cd)pyrene -- ND ND ND 680 ND 410 J 3600 NDJ ND ND ND 300 J 

Dibenz(a,h)anthracene -- ND ND ND 130 J ND ND ND ND ND ND ND ND 

1 Benzo(g,h,i)pervlene -- I ND 1 ND 1 ND I 610 3.40 J I innn r I Nl-l 1~ Nn Nn- 1711 I 

I Total Probable Carcinoremic PAH 1 678 I 485 I lllll I dwn I I mnn / ?AllM 
, --- I ---- I 

._ ._ -"-- -.___ j 390 ( 2010 

PkBdxtes .‘...’ 

bis(2-ethyihexyI)phthalate - - ND ND I ND 1 ND 1 ND 1 460 J I ND 1 7700 J I ND / ND 1 ND / ND J 

Otkcr Semi- Vola titc Orgsrks I 
I-Methylphend -- 

Dibenzofuran -- 

N-Nitrosodiphenylamine -- 

ND 

ND 

ND 

ND ND ND ND ND ND ND ND ND ND NDJ 

ND ND ND ND ND ND ND ND ND ND NDJ 

ND ND ND ND ND ND ND ND ND ND NDJ 

TCL PESTICIIM~CB (ppb) 

I44’-DDT 

10000 ND ND ND ND ND J 2200 XJ 2400 X 2900 X ND ND ND 450 XI 

-- ND ND ND ND NDJ NDJ ND ND ND ND ND ND 
-- ND ND ND ND NDJ NDJ ND ND ND ND ND ND 

ml Nl? Nil ND Nn Nl-l I Nn I Nn Nn Nn Nn Nn Nn 
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TABLE 4-46 (continued) 
DRMO 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLEID: 1 6TB2 / 6TB2 1 6TB3 1 6TB3 1 6TB4 1 6TB4 ( 6TB5 1 6TB5 ) 6TB6 1 6TB6 ( 6TB7 1 6TB7 1 

Vinyi Chloride 

Methykne Chloride 

2 ND ND ND ND ND 1 1300 EYJ 1 ND ND ND ND ND ND 

2s ND ND ND ND ND ND ND ND 1.J 3 ND ND 

Acetone -- I ND / ND 1 ND 1 ND 1 ND j 350 J 1 ND j 71 1 ND / ND 1 ND ) ND 

Carbon Disulfide -- I ND j ND / ND 1 ND 1 ND 1 48 J 1 2 J / 6 1 ND / 4 ( ND 1 ND 

l.l- Dichloroethanc -- ND ND ND 1 ND ND 13 .I ND ND ND ND ND ND 

1,2-Dichloroethene (total) 

Chloroform 

1.2 Dichlorcethane 

Trichlorocthene 

1,1,2-Trichlor~ti-an 

Benzene 

-- ND ND ND ND ND 32000 DY 6 1J ND ND ND 65 

100 ND ND ND ND ND 14 J ND ND ND ND ND ND 

1 ND ND ND ND ND 1900 w ND ND ND ND ND ND 

5 1J 1J 33 SJ 2J 2ooooD ND 23 ND ND ND 255 
-- ND ND ND ND ND 590 EJ ND ND ND ND ND ND 

1 ND ND r ND ND a ND 7 J , ND ND 2 J 2 J , ND ND 

Tetrachloroethene 1 5 1 1 8 j 8 1 ND 

1.1.2,2-Tetrachloroethane 

TdW”f. 

-- 

I 1m-m I 

i 
ND. 19 210 J 16 J 6 32 23 33 53 

1 ND I ND / ND ND ND 34000 D ND ND ND ND ND ND 

/ ND 1 ND 1 ND ND ND 43 SJ 23 13 14 ND ND 

I Ethvlbcnvne I -- I I ND 1 ND 1 ND I ND I ND 1 44 I ND 1 ND 1 4Jj 10 I ND I ND 1 

Xykxle (total) -- 

Total Volatile Organics 

Nnacmcinoeeaic PAH 

/ ND 1 ND 1 ND 1 ND 1 ND 1 760 DYJ 1 ND 1 ND 1 33 X 1 74 Y 1 ND / ND 

9 9 3 5 21 91279 29 88 85 130 3 36 

TCL SEMI- VOLATILE ORGANICS (#) 

-- ND ND ND ND ND J 6500 ND J ND ND ND ND 130 J 

-- ND ND ND ND ND 3 1700 J ND J ND 250 J 480 J ND ND 

-- ND ND ND ND ND J ND ND J 370 J ND ND ND 130 J 

-- ND ND ND ND ND J 330 J ND J 650 J ND 190 J ND 180 J 

Naphthakne 

‘2-Methylnaphthalene 

Acenaphthylene 

Acenaphthene 

Fluorene -- ND ND ND ND NDJ ND ND J 1000 J ND 200 J ND 240 J 

Phenanthrene -- ND ND 440 J 290 J ND J 840 J 980 J 5700 J 210 J 1100 J ND 2800 

AIlthraWK -- ND ND ND ND ND J ND 180 J 1600 J ND 230 J ND 740 J 

Fluoranthene -- ND ND 1100 J 690 J 1100 J 810 J 1300 J 8300 J 330 J 1500 J 330 J 4500 

Pvrrnr -- ND ND 1100 J 660 J ND J 850 J 800 J 6200 480 J 1600 J 270 J 6500 

Total Noncanino~enic PAH 1 2640 1 1640 1 1100 ( 11030 1 3260 1 23820 ( 1270 ( 5300 1 600 ( 15220 



TABLE 4-46 (continued) 
DRMO 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

N-Nitroscdiphenylamim -- 

Arc&r- 1260 10000 

44’-DDE -- 

44’-DDD -- 

44’-DDT 500 

) ND 1 ND j ND j ND \ ND 1 ND j ND J 1 ND j 400 j 280 j ND 1 ND 

TCL PESTICIDEWPCB (ppb) 

1lOOa XJ 12ow Xl 3200 XJ NDJ 2100 XJ ND J 5100 XJ ND J 250 x 2200 X ND 52 Jx 

ND J ND J ND J ND J ND J ND J ND J 8800 X3 ND ND ND ND 

ND J ND 3 ND J ND J NDJ ND J ND J 16000 XJ ND ND ND ND 

ND J ND J , ND J ND J ND J ND J ND J , 33000 XJ ND ND ND ND 

NOTES: 
1) ARARwTE?C indicrtes applicable OT relevant and appropriate requirements; TBC indicaesto be conddered values (referto Section 4.2 for further explanation). Shaded numbers exceed TEiC ydiues. 
2) Assigned letters adjacent to numerical values are data qualitias. Refa to Seaion 211 for futha explanaion 
3) ppb indicaes pat-0 per billion; ppm is patu pa million 
4) ND memu net detected, lea&n detection limit. Refer to S&ion 2.2 for further explanation. NA indicaes nor analyzed. 
5) Only the parameters detected are Ii&d above, all ahar were nd detected. 
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PARAMETER 

Aluminum 
Antimony 

SAMPLE ID: 
DEPTH (ft): I o-2 

TABLE 4-47 
DRMO 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

Cadmium 7 2.4 3.1 4 2.2 10.e.!,,,E ,1 
Calcium 32300 1820 2480 1490 2070 3850 J 9f 
Chromium 223 15.2 19.4 12.9 J 14.5 J 36.9 J 110 J 55 J 1: 

Cobalt 39 5.4 B 9.1 B 5.3 B 8.4 B 19 J 106 J 9.3 B 6.1 B / 12.8 ] 3.5 B j 12.9 1 14.6 Copper 102 33.9 J 32 J 22.6 J 33.5 J 599 3020 513 380 1 32.8 J j 10.6 J / 59.7 1 227 I 

69.8 28 B 141 111 
0.3 B ND 0.39 B 1.8 
2.9 1B 4.1 3.9 

1770 981 B 2760 2030 
20.7 6.2 35 29.6 

Iron I 115ooo I 1 10600 / 18000 1 11600 / 16600 1 22000 J 1 64200 J j 13400 1 12400 1 17000 j 6480 1 17800 
1 1 1 / j 1 j j 1 / 1 j 

j 16800 
Lead 53.2 91.3 37.3 459 8.8 J 715 8130 ] 390 245 2.9 J 2.3 J 27.6 J / 168 J 
Magnesium 26500 2280 4660 2470 5630 3090 5670 2750 2450 6990 J 2070 7010 5000 
Manganese 3790 199 J 312 J 132 J 360 J 272 J 736 J 220 268 237 J 155 J 270 J 272 J 
Mercury 0.51 0.15 J ND 0.14 ND 0.74 J 0.4 J 0.35 0.31 ND ND 0.14 J 0.19 J 

5.3 30.8 15.3 7.5 B 22.9 30 
30 2650 1730 5150 3770 

Vanadium 
Zinc 
Boron 
Cyanide 

271 
178 
109 

-- 

22.6 31.7 22.4 37.9 56.4 44 39.9 63.8 35.5 9B 45.6 33.6 
133 J 117 J 51.7 J 101 J 1640 J 174OC1 J 839 J 573 J 34.2 J 25.6 J 59.1 J 676 
ND 141 44 46 43 121 112 73 ND ND 48 ND 
ND ND ND ND ND 1 ND 1 ND ND ND ND ND ND 

TCLP METALS (ppm) 

1 Barium 1 I 1 0.25 1 0.27 1 0.36 1 0.28 1 0.7 1 0.29 [ 1.4 ( t.3 1 0.2 1 0.26 1 0.3 [ 0.39 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium -- 

j Sikr 

0.01 ND ND ND ND 0.026 0.026 0.25 WI87 ND ND 0.031 0.02 
0.05 ND ND ND ND ND ND ND ND 0.062 0.11 ND ND 
0.05 ND ND ND J ND 0.21, ,, sz, : 2.6 J 0,87 J ND ND ND 0.2 

0.002 ND ND 0.008 J ND ND ND ND ND ND ND ND ND 
0.01 ND ND ND ND ND ND ND ND ND ND ND ND 

I 0.05 I 1 0.011 J / ND [ ND 1 ND I ND I ND 1 ND J 1 ND J 1 0.01 J j 0.029 J / 0.012 J I ND 



TABLE 4-47 (continued) 
DRMO 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

Aluminum 1 272000 1 7050 1 5840 1 6430 1 5470 1 5190 11700 1 3870 1 6840 1 7190 1 8730 1 12100 ] 7730 
Antimony 1 2.95 ( ND R ND R ND R 

2.4 1 3.3 2 B 
ND 
1.1 

Cobalt 39 

copper 102 
iron 115ooo 

2.4 J 

1830 1040 J 

15.2 11 13.1 
8.4 B 5B SB 

65.6 J 26.3 J 67.5 J 

16.1 

6.3 

39.2 

wooo 
16.6 

3350 

291 

ND 

29 

7.8 

20.4 

21400 

8.4 

6360 

213 

ND 

8.3 3 j 6.2 [ 14.6 6.6 6.6 

9 118 
B 5.4 B 13.1 8.8 

J 105 J 12800 J 312 

8090 35400 12200 

J 514 J 811 .I 30.3 

4280 

204 

0.12 

67.4 J 
18.7 

2730 

30500 

563 

3960 

281 

0.31 

61.6 

72.1 

1230 

39700 

f54 

7180 
488 

0.32 

36.5 J 
19.7 

1040 

25700 

54s 

4600 

331 
0.31 

Potassium 
Selenium 
Silver 
Sodium 

12.4 8.8 B 15.4 19.4 19.1 566 18.1 122 158 69.2 

12000 1920 1050 1720 2920 1240 3060 916 B 1120 1830 1540 3430 1850 
1.79 ND ND ND ND ND 1B ND ND ND J 1.5 J 0.58 BJ ND J 

5 NDJ NDJ ND J ND J 2.4 J ND J ND J ND J ND J 7J NDJ NDJ 
51800 171 BJ 146 BJ 151 BJ 1640 J 173 BJ 5860 98.9 BJ 382 BJ 307 BJ 790 BJ 559 BJ 793 BJ 

Selenium 
Silver 

1 ND 1 

0.08 1 0.05 0.093 ND ND ND ND ND / ND ND ND 
ND ND 0.65 ND 2.2 J, 32 l 1.4 J, 1 3.1 J 2.6 J 1.4 J 

ND ND ND ND ND ND 
j ND 

m ND ND ND 

ND ND ND ND ND ND ND ND ND ND 
ND 1 ND ND ND ND ND 0.074 J ND J NI D J 1 ND J 1 0.025 J 

NOTES- - 
1) ARARs/IBC indicates applicable oc relevant and apprqxiate requirements; TBC indicaesro be considered values (referto Section 4.2 for further explanation). Background wlues are discussed in Section 4.3. Shaded numbers 

axed TBC or background values. 
2) Assigned letters adjacent to numerical ~Iues are data qualifiers. Refer to Section 2.11 for further aplanaion 
3) ppb indices a conceriration of parts per billim; ppm is parts per million. 
4) ND means nat detected, less than d&&ion limit. Refer to Section 22 for further explanation. NA indicates ncc anaiyzed. 
5) ’ indicaes RCRA charactairic hazardcw w&e level of 5 ppm exceeded. 



TABLE 4-48 
DRMO 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLEID: 1 6SSlC 6SS2C 
PARAMETER TBC DEPTH (ft): 1 O-OS o-o.5 

TCL VOLAl2L.E ORGANICS fppb) 
Methylene Chloride 25 ND 25 
Richloroethene 5 75 1J 
retrachloroethene 5 7J 25 

Total Volatile Organ& 14 5 
in SEMI-VOLATILE ORGANICS (ppb) 

lj&qyr~i~og~pi~ &@ 
Phenanthrene -- ND 840 J 
Fluoranthene -- ND 1200 J 
Pyrene -- ND 940 J 

Total Noncarcinogenic PAH 2980 
Probable Carcinogenic PM 
Benzo(a)anthracene -- ND 570 J 
Chrysene -- ND 560 J 
Benzo(b)fluoranthene -- ND ND 
Benzo(k)fluoranthene -- ND ND 

Total Probable Carcinogenic PAH 1130 

6SS3 6SS4 
O-OS o-o.5 

25 ND 
ND ND 
ND ND 

2 

250 J ND 
410 J 260 J 
410 J 180 JX 

1070 440 

240 J ND 
270 J ND 
ND 440JY 
ND 310 JY 
510 750 

Aroclor 1260 10000 I 
TCL PEST.ICIDES/pcBs @pb) 

550 XJ 1300 XJ 1400 XJ 3100 XJ 

NOTES: 
1) ARAREJTBC indicates applicable or relevant and appropriate requirements; TBC indicates to be conidered values (refer to Section 4.2 for further explanation). Shaded numbers exceed TJX values. 

2) AsGgnedlettas adjacent to numerical values are data qualifiers. Refer to Section 2.11 far fwtha explanation. 

3) ppbindicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 22 fcr further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above. all others were not detected. 



TABLE 4-49 
DRMO 

SUMMARY OF SURFACE SOIL ANALYTICAL DATA (INORGANICS) 

Lead 53.2 181 20.7 

Magnesium 26.500 4680 
Manganese 3790 
Mercuty 

Nickel 

0.51 NDJ 

Potassium 
Selenium 
Silver 
Sodium 

Thallium 
Vanadium 
Zinc 

1J 0.22 J 0.68 J 

-1 76.7 I 23.6 123 30.2 13.2 

12000 1790 1960 4780 1890 

ND ND 0.23 B ND 1.79 
S 

s1800 
S 

271 
178 

Cvanide 

PARAMETER 
Arsenic 

NDJ NDJ NDJ ~- I NUJ 

292 BJ 821 BJ 219 BJ 109 BJ 
/ _-- 

ND ND ND NU 
7 25.9 10s 47.7 15.9 

123 413 41s 83.3 J 

98 80 59 41 

I -- l ND I ND ND ND 

I TBC I 
TCLP METALS (ppm) 

0.05 ND ND ND ND 

Barium 

Cadmium 
Chromium 
Lead 
Mercury 
Selenium 

Silver 

1 0.51 0.7 0.48 I 0.18 

0.01 0.03 0.052 0.094 J 1 0.027 

0.05 0.064 0.021 0.065 J 1 0.013 

0.05 1.3 0.6 6.2 J” 0.17 

0.002 ND ND ND ND 
0.01 ND ND ND ND _ - 
0.05 NDR 0.0072 .I 0.0082 J 0.01 J 

NOTES: 
1) ARAROBC indicates applicable w relevant and appropriate requirements; TBC indicates to be considered ~Iue4 (refer to Section 4.2 for further explanation). Background values are disxssed in Secrion 

43. Shaded numbers exceed TEE w background values. 
2) Assigned letters adjacent to numerical values arc data qualifias. Refer to Section 2.11 fa further aplanation. 
3) ppb indicates aconcentration of parts per billion; ppm is parts per million. 
4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicate not analyzed. 
5) l indicates RCRAcharactairtic hazardouswaste level of 5 ppm exceeded. 
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- concentrations. Samples collected below the three to four foot depth are below the water table, 
except for 6MW5S (background). 

Volatile Orpanics 

VOC concentrations in soil at DRMO are generally low. However, based on the low 
TBC values used by CTDEP, many soil samples exceed TBC values for VOCs as highlighted 
on Table 4-46. Based on inspection of the bar graphs on Figure 4-29, total VOC concentrations 
tend to be higher in the O-2’ and 2-6’ depth intervals in the northern portion of the site, which 
is not paved. A diesel odor was noted in 6MSVl (4-6’) in the southwest portion of the site, 
however, no significant VOCs were detected. The highest VOC levels were detected at 6TB4 
(6-g’)) where the following was found: vinyl chloride (1300 ppb), trichloroethene (20,000 ppb), 
and tetrachloroethene (210 ppb). The contamination appears to be generally isolated at the site 
based on results of the soil gas survey and other soil samples collected in this area (6TB2 and 
6TB3). Based on elevated field measured organic vapor readings at 6TB4 (2-4’), which was not 
sampled for laboratory analysis, the elevated VOCs at this location may also be present at this 
shallower depth. An oil sheen was noted at 6TB4 (6-8’) and 6TB4 (10-12’). 

Semi-Volatile Orpanics 

SVOs were present in most samples collected in the former landffl area. The SVOs 
were predominantly comprised of PAH compounds. In general, concentrations were slightly 
higher in the northern portion of the site for the O-2’ and 2-6’ intervals (Figure 4-29). Also, 
concentrations were generally higher in the 2-6’ interval compared to the O-2’ interval. Based 
on two soil samples collected in the landfii at the 6-10’ interval, PAH compounds are also 
present at that depth. Based on the spatial density of the sample locations, PAHs are likely 
present throughout the DRMO site limits. Based on the former use of the site as a landfill, and 
an area where material was burned, the PAHs are likely a result from incomplete combustion 
and, perhaps to a lesser degree, due to petroleum releases. The PAH results are generally 
consistent with the results from the previous verification study. 

PCBs/Pesticides 

Total PCB and pesticide results are shown for the various reporting intervals on Figure 
4-30. PCB concentrations are also illustrated on Figure 4-31. 

PCB Arochlor 1260 is present at almost all sample locations except 6MW5S (background) 
and 6MWlS and 6MW2S (rear of office and storage building). Concentrations range from 52 
ppb to 12,000 ppb. It is generally present in both the O-2’ and 2-6’ sample reporting interval. 
At 6TB2 (O-2’) and 6TB2 (2-6’), it is present at 11,000 ppb and 12,000 ppb respectively, both 
above the TBC value of 10,000 ppb. The presence of PCBs at this site is most likely associated 
with scrap metal storage (e.g., white goods) and associated capacitor leaks, and past storage of 
transformers. PCB (Arochlor-1260) was detected at sediment sample location 2DSD12, at the 
outfall of the storm drainage system from Area A, and to the rear of Building 397 at DRMO. 
It was not present in other upgradient sample points along the Area A downstream watercourses, 
and may be a result of particulate transport from DRMO. 

PHASE I RI NSB-NLON 4-142 AUGUST 1992 
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Pesticides were detected at 6TB5 (2-6’) at elevated concentrations; no other pesticides 
were detected at other sample locations. Total pesticide concentration was 57,800 ppb, 
consisting of DDT, DDD, and DDE. The DDT concentration was detected above the TBC 
value. Due to pesticide detection at only one sample location and at a depth of 2-6 feet, it was 
likely associated with past landfilling rather than application. 

Inowanics 

Out of 24 samples analyzed for TCLP metals, 2 1 contained one or more metals exceeding 
TBC values. This included two samples at 6MW5S (background) for chromium. Metals 
exceeding TBC values included barium, cadmium, chromium, lead, mercury and silver. TCLP 
hazardous waste characteristic values were exceeded for lead (5 ppm) at 6MW3S (2-4’) 52 ppm, 
6TB5 (2-6’) 32 ppm, and OSS3 (o-0.5’) 62 ppm. Lead values were generally elevated around 
Building 491 (former battery acid handling facilities): 6MW4S, 6TB5, 6TB6, and 6TB7. This 
substantiates that battery acid releases occurred in this area. 

Many inorganic constituents exceeded established background levels based on mass 
weight analysis. These included antimony, beryllium , cadmium, cobalt, copper, lead, mercury, 
nickel, zinc, and boron. The majority of these elevated metals are likely related to a 
combination of past landfill disposal and scrap metal storage. Lead levels correlate with the 
TCLP results. Detected metals and concentrations were generally consistent with what was 
found at the Goss Cove Landffl site. 

A summary of areas of soil contamination are shown on Figure 4-32. 

4.12.5 Ground Water and Surface Water 

The ground water analytical program is summarized in Section 2.0, Table 2- 13. Ground 
water and surface water analytical data is summarized in Table 4-50 (organics) and 4-51 
(inorganics) . No petroleum hydrocarbons were detected in the ground water samples. 
Trichloroethene and 1,2 dichloroethene were present in three downgradient wells (6MW2S, 
6MW3S, and 6MW4S). The chemical 1,2 dichloroethene was only present at concentrations less 
than 2 ppb and, therefore, did not exceed TBC values (70 ppb) in these wells. Trichloroethene 
exceeded the ARAB value (5 ppb) with a concentration of 8 ppb at well 6MW4S. The primary 
source of the solvents in the ground water, based on the soil analytical results and the soil gas 
data, is projected to be in the area of 6TB4, 6MW4S, 6TB6 and 6TB7. 

No SVOs, PAHs, pesticides or PCBs were detected in any wells at the DRMO site. Low 
levels of phthalates and benzoic acid were detected in the upgradient well 6MW5D. 

The inorganic ground water analysis results indicate that selenium exceeds the primary 
drinking water standard at wells 6MW2S, 6MW3S, and 6MW4S. Selenium is at the highest 
levels at 6MW4S where it is present at 23.5 ppb compared to the drinking water standard of 10 
ppb. The cause of the elevated selenium levels in the ground water is unclear but, based on its 
absence in the upgradient wells, appears to be site related. Selenium was not present in soils 
above background values, and also was not detected in soils based on the TCLP procedure. 

PHASE I RI NSB-NLON 4-144 AUGUST 1992 



ME ONLY lJTlUTlES SHOWN ARE 
STORM DRAINAGE. 
LOCATIONS ARE APPROXIMATE 

‘5 
/----’ 

fl-------, 

L 
.--- 

---- 
,; --g--(----‘I 

------- _/c-----\--__ 

_---L -- 

J. 

‘. 

-- 

6P 
GRAPHIC SCALE IN FEET 



,.,, 
‘1 “9 

! 

TABLE 4-50 
DRMO 

SUMMARY OF GROUND WATER AND SURFACE! WATER ANALYTICAL DATA (ORGANICS) 

PARAMETER 1 ARARs/TBCj SAMPLEID: 1 6MWlS 1 6MW2S 1 6MW3S ) 6h+fW4!Ti 1 6MW5S 1 6h4W5D 1 6SWl 

TCL VOLATILE ORGANIC3 (ppb) 
l,l-Dichloroethane -- ND ND ND 25 ND ND ND 
1,2-Dichloroethene (total) 7oARAR MCL ND 1J 2J 2J ND ND ND 
Trichloroethene SARAR MCL ND 45 1J 8 ND ND ND 

Total Volatile Organics 5 3 12 
TCL. SEMI-VOLATUE ORGANIC3 (ppb) 

Phthafates 

bis(2-ethyhexyl)phthalate ) ND 1 ND 1 ND 1 ND 1 ND 10 1 ND 
Other Semi- Volatile Organ&s 
Benzoic Acid 1 ND 1 ND 1 ND 1 ND 1 ND 21 J 1 ND 

TCL PESTlCIDESQ’CBs (ppb) 
TCL Pesticides/IQ& ( ND ( ND ( ND ( ND 1 ND 1 ND 1 ND 

NOTES: 
1) ARARUTBC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered valrrs (refer to Section 4.2 for further explanation). Shaded numbers exceed ARAWBC values. 

2) Assigned letters adjacent to numerical values ate data qualifiers. Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-51 
DRMO 

SUMMARY OF GROUND WATER AND SURFACE WATER ANALYTICAL DATA (INORGANICS AND RADIOLOGICAL) 

I JGROUNDWATE~ I I I I I I kA1.T WATER I 

Aluminum 

Antimony 

Arsenic 

200 TBC 

5 TBC 

50 AR4R 

SMCL 

PMCL 

MCL 

ND 

ND 

ND 

TCL METALS @pb) 

ND ND ND ND ND 83.2 BJ 

ND ND ND ND ND 4300 ARAR ND 

5.4 B 5.2 BJ 18.6 ND ND 0.14 ARAR ND 

Barium7 

Beryllium 

Cadmium 

1000 ARAR 

1 TBC 

SARAR 

MCL 

PMCL 

MCL 

ND 21.9 B 61 B 86.2 B 32.3 B 33.9 B --- ND 

ND ND ND ND ND ND 0.13 ARAR ND 

ND ND NDJ 4 BJ 2.1 BJ ND 9.3 ARAR ND 

Calcium -- 85200 125000 129000 170000 6970 10600 --- 70800 

Chromium7 50 ARAR MCL ND ND ND ND ND ND 50 ARAR ND 

Cobalt -- ND ND ND ND ND ND --- ND 

Copper? 

IWII 

Lead 

1000 ARAR MCL 12.5 BJ 10.8 BJ j 10.5 BJ 355 J 8 BJ 9.4 BJ 1 2.9 ARAR 1 13.7 BJ 

300 TBC SMCL 102 J 280 I 954 117 J 4880 ND --- 304 J 

15 ARAR Action Level ND ND ND ND 3.4 B ND 8.5 ARAR NDJ 

Magnesium -- 1 246000 1 350000 1 299000 / 396000 1270 B j 1OOOB --- 204000 

801 moo I 84.5 J 100 ARAR 30.8 J Manganese 50 TBC SMCL 20.1 J 35.4 J 101 J / 

Mercury 2ARAR MCL ND ND ND ND ND 0.3 / 0.025 ARAR 1 ND 

Nickel 100 TBC PMCL ND ND ND 23.2 B 1 11.7 B 1 ND / 8.3 ARAR 1 ND 

Potassium 

Selenium7 

Silver7 

Sodium 

Thallium 

Vanadium 

ZiIlC 

-- 76800 112000 94800 123000 3230 BJ 3460 BJ --- 63100 

10 ARAR MCL 9.9 J 15.4 J 10.6 J 23.5 ND ND 71 ARAR 4.8 B 

50 ARAR MCL ND ND ND ND ND ND 2.3 ARAR ND 

28000 TBC Notif. Level 2030000 3010000 3010000 3350000 7470 14600 --- 1820000 

1 TBC 

20 TBC 

5000 TBC 

PMCL 

USEPA HA 

SMCL 

ND 

ND 

13.5 BJ 

ND ND ND ND ND j 6.3 ARAR 1 NDJ 

ND ND ND ND ND --- ND 

13.1 BJ 1 9.4 BJ 356 J 13.3 BJ 13.8 BJ 86 ARAR 16.5 BJ 

5700 8100 1400 1700 --- 34000 

NDJ 1 NDJ NDJ NDJ NDJ 1.0 ARAR NDJ 

RADIOLOGICAL CONSIYTUENTS (pCX) 

0.0 0.0 0.0 0.0 0.0 --- 0.0 

Boron 600 TBC ( USEPAHA 1 5500 I 8800 t 
Cyanide’ 

Gross Alpha7 

200 AFUR 1 MCL NDJ 1 

5 Screening Level 0.0 I: 
Gross Beta 1 50 1 Screening Level 1 81.1 18.6 7.1 88.3 1 6.3 3.1 --- 23.3 

NOTES: 
1) ARARwTBC indicatcrapplicablc or rclwam sod appropriats rcquirsmcots; TBC indicates to bc cooridcrcd valucs(rcfcr to Scctioo 4.2 for furtbcr explanation). Shaded numbers exceed ARARTTBC valuer. 

2) Assigned kttcrs adjacent to sumsriul values arc data qualifiers Refer to Section 2.11 for futbcr clglanatioo. 

3) ppb indicatesa concenrration of parts per billion;ppm is parts pm million. 

4) ND mca~s not dctcctcd, less than dstcction limit. Rcfcr to Section 2.2 for further explanation. NA indicates not aoalyxd. 

5) Radiological wartitucntnlucr have ao assigned +\- range due to sample intcrfcrcnce; these raogcr xc reported in the labaatory analytical data Appcodix. 

6) The acronym adjacent to the ARARITBC value iodkatcs the X)UTEC of ths value. Rcfcr to Table 4-2 or glossay far furtba explanation. 

7) Thox values ac bax oo CTDOHS MCLs which are Iowa thaD USEPA MCL+ CTDOHS may at some future time rcvisc thci MCLs to corrcrpond to U.S. EPA’%. 



5-x There is a strong correlation between ground water sodium concentrations and elevated selenium 
concentrations. This occurs at DRMO and Goss Cove and may be related to a geochemical 
process. 

Secondary drinking water standards were exceeded for several wells for iron and 
manganese. Elevated sodium levels appear associated with the proximity of the site to the 
Thames River, based on comparison of the results with surface water sample 6SWl. The water 
quality standard for copper of 2.9 ppb was slightly exceeded at 6SW1(13.7). As previously 
discussed, the elevated boron levels appear to be elevated due to general background levels, and 
in wells close to the Thames River, due to elevated surface water concentrations. 

Radiological ARARs, which are screening values, were exceeded in two of the ground 
water sample locations (6MWlS and 6MW4S) for gross beta. The elevated readings could be 
the result of naturally occurring radioisotopes which do not meet the gross screening criteria. 
These samples, however, have non-detectable gross alpha readings, but significant beta activity. 
There could be several reasons for this, one of which is that by-product material might be 
present. Further laboratory analysis is required to determine if these levels are associated with 
naturally occurring radioisotopes. 

One surface water sample was collected in the Thames River to be representative of 
upstream water quality at NSB-NLON. No VOCs, SVOs, pesticides or PCBs were detected in 
this sample. Another sample was located just downstream of Goss Cove. Of the 12 inorganic 
constituents detected in each of these surface water samples, five had lower or equal levels 
downstream, and seven had higher concentrations downstream. The only two constituents 
located in higher concentrations downstream that are not major constituents of salt water (boron, 
salt, potassium, calcium, and magnesium) are manganese and gross beta radiation. The 
manganese and gross beta radiation downstream levels were 43 % and 93 % higher, respectively, 
than upstream levels. However, the downstream gross beta values did not exceed the regulatory 
screening level. 

4.13 Lower Subase 

The Lower Subase field investigation consisted of a utility manhole inspection and 
waterfront bulkhead inspection for evidence of contamination sources/residuals. Also included 
was a soil gas survey, test borings, ground water monitoring wells, and soil and ground water 
sampling and analysis. 

4.13.1 Utilitv Manhole Inspection 

,- 

A total of 212 utility manholes were inspected on two days in December 1990, and two 
days in April 1991. The Lower Subase study area is depicted on Figure 4-33. The utilities 
observed consisted of storm sewer, sanitary sewer, steam, electric, telephone, and sand 
manholes. Utilities numbers (e.g., 1009, C657) were used based on numbers assigned on Navy 
plans. Manholes that did not appear on the plans were numbered consecutively. The pipe 
trench for the #6 and #Q fuel oil lines was also inspected along Corvina Road. There was no 
evidence of petroleum contamination along this segment of pipe trench. All accessible manholes 
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in the study area were opened and inspected. The study area consisted of the following roads 
from north of Building 29 to the south of Building 85, and from the west of Buildings 345, 37, 
2, 17, 27, and 105 to the Thames River: Darter, Albacore, Argonaut, Corvina, Amberjack 
(small segment), Cisco, Capelin, Bullhead, and Bonefish. The inspection consisted of removing 
manhole covers and noting manhole type, if possible, and any visual evidence of oil 
contamination such as an oil sheen on water or discolored sediments, or any petroleum odors. 
A wooden stick was used to probe the sediments. Observations were noted in a field log book, 
and a video recording of each manhole was made. 

Observations of significance are summarized in Table 4-52. Four areas of significant 
accumulation of petroleum were observed. These areas are listed below. 

,- 

TABLE 4-52 
LOWER SUBASE MANHOLE INSPECTION OBSERVATIONS 

Location Description Oil Odor in Visible 
Sheen Sediments Oil Comments 

MH-12 Storm sewer . . 

MH-13 Concrete electrical vault . . . thick black oil 
m-17 Concrete electrical vault . . . thick black oil 

h4H-18 Concrete electrical vault . . . thick black oil 

MIT-21 steam . 

Ml-I-28 Telephone . 

Ml-l-29 Brick construction . 

C655 Storm sewer . 

C657 Storm sewer . 

MH-34 Storm sewer . apparent oil globules 

h4H-38 steam . 

MH-39 Telephone . 

MH41 Telephone . 

MH404 Brick construction . 

MH-44 Stefim . 

MH-50 Concrete vault . 

MIT-53 storm . . 

MH-58 Conduits . 

c520- 1 Storm sewer . . 

MH-73 Conduits in concrete vault . very heavily contaminated 
c479- 1 storm . . . heavy thick oil 
MIT-81 Telephone . 

h4H-83 Concrete block . . . l/16” floating light brown milky oil 

h4H-87 Conduits . 

MI-I-88 Telephone . 

C978 storm . . 

MH-110 Pipes in manhole . . small clear floating oil globules 
MT-I-139 steam . thin oil 
MH-141 Concrete conduit . visible evidence of black oil seep 

on west side manhole where 
conduits enter 

Zorvina Road #6 Oil trench no evidence petroleum contamination 
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l MH-13, 17, 18 - West of Building 29 - thick black oil 
l MH- 141 - North of Building 16 - thick black oil 
l MI+73, C479- 1 - West of Building 80 - thick black oil 
l MH-83 - West of Building 79 - brown milky oil 

The contamination sources in all but MH-83 appear to be from product releases. The 
exact source of these product releases is not readily apparent and appears to be from 
underground fuel line or storage tank leaks following a preferential flow path (e.g., utility pipe 
or trench). There was no evidence of an ongoing release and appears related to previous 
releases. No areas of free product in the subsurface were identified by this inspection. 

The oil in MH-83 possibly originated from the former waste oil pits in Building 79. An 
old drawing shows the outlet from the waste oil pit 29 feet south of the north side of Building 
79. MH-83 is located adjacent to the west side of Building 79. 

The oil observed in the manholes has not changed substantially since the previous 
inspection (Wehran, 1987), with the possible exception of MH-83. 

4.13.2 Waterfront Insaection 

An inspection of the bulkhead along the waterfront of the Lower Subase was conducted 
during the last hour of the tidal cycle prior to low tide on May 8, 1991. The purpose of this 
inspection was to see if any oil seeps or sheens were visible. Historically, such seeps or sheens 
have been observed at the waterfront near the Power House and Building 79. The inspection 
was conducted from a small boat and started at the bulkhead near the Navy Marina and 
continued southerly to Pier 2. A typical cross-section of the bulkhead is shown in Figure 4-34. 
The inspection was concentrated on the water area beneath the concrete slab. The entire 
waterfront was inspected with the exception of small segments that were not accessible due to 
docked vessels. The areas that were not accessible were between the following piers: 6 and 8, 
12 and 13, 13 and 15, and 17 and 3 1. These areas were inspected from shore to the extent 
possible. 

No oil seeps or sheens or evidence of such were observed anywhere along the waterfront 
at the Lower Subase. 

4.13.3 Soil Gas 

/L- 

The soil gas survey of the Lower Subase was performed at various times between 
September 27 and October 16, 1990. A total of 127 soil gas points were sampled and analyzed, 
most of which were under pavement. The sampling depth was limited to only 12 to 18 inches 
due to significant numbers of underground utilities. The limited depth of this survey may have 
reduced the detection of deeper VOCs. Soil gas sample locations are shown on Figure 4-35. 
Three soil gas points (SG125, 126 and 127) do not appear on figure 4-35 and were located to 
the north of Building 107. 
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VOCs were detected in fewer than one-half of the samples analyzed. Of the remaining 
sample analyses, the majority showed trace to low level concentrations of benzene, toluene, 
xylenes, ethyl benzene, trichloroethene, and/or unknowns. The most elevated soil gas 
measurements are described below. Soil gas concentrations are depicted on Figure 4-36. Only 
low levels of trichloroethene are shown on Figure 4-36 due to delineation of a plume in the 
vicinity of Building 79; other low concentrations are not shown. The remainder of the soil gas 
sample locations depicted are moderate or high levels. 

l Soil gas sample points SG-16, 107, 109, and 110 were all located near the 
Power House storage tanks and into Amberjack Road. These soil gas points 
contained trace to moderate concentrations of benzene, toluene, xylenes, and 
pre-benzenes suggestive of petroleum products. 

l Soil gas sample point SG-26, on the river side of the Power House, showed 
a moderate concentration suggestive of a petroleum product, possibly diesel 
fuel. 

l Soil gas sample point SG-2, located south of the power plant (Building 29), 
showed high concentrations of primarily pre-benzenes, unknowns and toluene. 
This was in a parking lot area and may be due to surface rather than 
subsurface petroleum product contamination. 

l Soil gas sample point SG-100, located southwest of Building 18, showed a 
moderate concentration of toluene, pre-benzenes, and other early unknown 
peaks. This may be due to surface contamination. Several buses were parked 
approximately 20 feet upgradient of this sample point. 

l All the soil gas points to the river side (west) of Building 79, extending 
approximately 100 feet to each side of the building, contained trace to low 
levels of trichloroethene and low levels of a petroleum product. 

These areas were further characterized by subsurface investigations discussed below. 

4.13.4 Subsurface Soil 

Seventeen borings from which split-spoon soil samples were collected for analysis were 
made from November 5 through November 13, 1990. The purpose of these borings was to 
identify the extent and degree of soil contamination. The sample from each boring selected for 
analysis was chosen based upon a consideration of visual evidence of contamination, field 
measured organic vapor readings, and location relative to the elevation of ground water. Only 
one sample was collected in the O-6’ depth interval. In addition to the 17 samples described 
above, five test borings were made near Building 79 to better define the extent of soil 
contamination. Soils from these borings were screened in the field for organic vapors and 
examined visually, but were not chemically analyzed. Based upon historical drawings of the 
bulkhead and the soil borings, the site has been extensively ftied. Depths of fill near the 
Thames River approach 20 feet. It is difficult to estimate the amount of fill, if any, at the 
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--- -= eastern limit of the Lower Subase. The fill consists primarily of sand and gravel and did not 
contain any refuse such as bricks, metal, ash, etc. Visual indication of petroleum hydrocarbons 
was evident in 14 of the 22 borings (17 wells and five borings). Sample locations are depicted 
on Figure 4-33. The soil sampling and analytical program is summarized in Section 2.0, Table 
2-8. 

Subsurface soil analytical results are summarized in Table 4-53 (organics), 4-54 
(fluorescence), and 4-55 (inorganics), and an explanation of the results follows below. Figure 
4-37 is a bar graph showing key constituents orientated from north to south. 

Volatile Organics 

Seven different volatile organic compounds were detected. The VOCs detected include 
toluene, ethylbenzene, and xylene (all of which are found in petroleum products), methylene 
chloride, trichloroethene, and tetrachloroethene (all of which are cleaning solvents), and carbon 
disulfide. Only at sample 13Mw13 did tetrachloroethene (6 ppb) slightly exceed the TBC value 
of 5 ppb. VOCs were found in soils from sampling locations 13Mw13, 13MW14, 13MW15, 
13MW16 and 13MW17. These locations define an area of VOCs in soils principally adjacent 
to Building 79. The former pit in Building 79 contained petroleum products and solvents which 
contain the VOCs detected. 

.+A- The total petroleum hydrocarbons (TPH) and fluorescence spectroscopy analysis defined 
the extent of petroleum hydrocarbons in three areas. The three areas, each of which is discussed 
below, were identified as follows: 

l Building 29 (Power House) and Building 107 (Firehouse) tanks, #2 oil and 
lubricating oil; 

l Building 79 former waste oil pit, #6 and waste oil; and 

l Bullhead Road east end, #2 oil. 

Buildinm 29 and 107 

Based upon the TPH and fluorescence soils analysis, it appears that both #2 oil and 
lubricating oil have leaked from the underground storage tanks near Buildings 29 and 107. 
MWl, MW5, and MW7 soils were all identified as containing lubricating oil, indicating lube 
oil contamination extending from the tanks to the Thames River. Adjacent to and coincident 
with the lube oil is an area of #2 oil contamination as indicated by the results from MW2, MW3, 
and MW9. This area also extends from the tanks to the Thames River. It is noted, however, 
that no VOCs (petroleum constituents) were detected in the soil samples from this area. Plate 
4-3 provides a summary of fluorescence, TPH and VOC data. The limits of soil containing 
petroleum constituents are also shown on this plate. 
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TABLE 4-53 
LOWER SUBASE 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

SAMPLE ID: 13MWl 13MW2 13MW3 13MW4 13MW5 13MW6 13Mw71 13MW8 13MW9 

PARAMETER TBC DEPTH (ft): 12-14 10-12 12-14 6-8 10-12 14-16 8-10 1 8-10 6-8 

Carbon Disulfide 

Ethylbenzene -- 

Xylene (total) -- 

Total Volatile Organics 

Total Petroleum Hvdrocarbons 1 - - 1 

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

5 
TOTAL PETROLEUM HyDROiXRI#zNS &pm) ., 

1 1200 1 14XKl 1 11000 1 450 1 7OCN3 1 ND 1 830 1 4900 1 ND 



TABLE 4-53 (continued) 
LOTHER SUBASEZ 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (ORGANICS) 

PARAMETER TBC 

SAMPLE ID: 1 13MWlO 1 13MWll 1 13MW12) 13MW13 1 13hiW14 1 13MW15 1 13MW16 1 13MW17 

DEPTH (ftt): 1 6-8 1 2-4 1 8-10 1 8-10 1 12-14 1 12-14 1 lo-12 1 8-10 

TCL VOLA TEE OR GtlNK9 (ppb) 

Methylene Chloride 25 ND ND ND 12 1J 25 35 2J 
Carbon Disulfide -- ND ND ND ND ND ND SJ ND 

Trichloroethene 5 ND ND ND SJ 45 25 45 1J 

Tetrachloroethene 5 ND ND ND 6 45 35 5J ND 
Toluene 1000 ND ND ND ND ND ND ND ND 
Ethvlbenzene I -- 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND l6J IND 
Xylene (total) 1 -- ND ND ND ND ND ND 20 YJ ND 

Total Volatile Organ& 23 9 7 43 3 
TOTAL PEZROLEVMRYDROGARBONS (pp) 

Total Petroleum Hydrocarbons - - 1 130 1 150 ( 3400 J ( 310 1 110 1 170 !a60 1 ND 

NOTES: 
1) ARARsmBC indicates applicable or relevant and appropriate requirements; TBC indicates to be considered values (refer to Section 4.2 for further explanation). Shaded numbers exceed TBC values 

2) Assigned letters adjacent to numerical values ate data qualitietx Refer to Section 2.11 for further explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed above, all others were not detected. 



TABLE 4-54 
LOWER SUBASE 

SUMMARY OF SUBSURFACE SOIL FLUORESCENCE SPECTROSCOPY DATA 

SAMPLE SAMPLE DEPTH (ft) OBSERVATIONS 

13Mwl 12-14 Spectra is typical of waste lubricating oils. 

Spectra is typical of No. 2 fuel/diesel oil. 

Spectra is typical of No. 2 fuel/diesel oil. 

Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification impractical. 

Spectra is typical of waste lubricating oils. 

Spectra is similar to asphalt/tar. 

Spectra is typical of waste lubricating oils. 

Spectra is typical of No. 2 fuel/diesel oil. 

Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification impractical. 

Soectra is unresolved. Trace concentrations of oetroleum hvdrocarbons make oil identification imoractical. 

13Mwll 

13MW12 

13Mw13 

13Mw14 

2-4 Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification impractical. 

8-10 Spectra is typical of No. 2 fuel/diesel oil. 

S-10 Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification impractical. 

12-14 Soectra is similar to waste oil/ heaw residual fuel oil Le. No. 6 fuel oil) mixture. 

13Mw15 

13MW16 

12-14 Spectra is similar to waste oil/ heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 

10-12 Spectra is similar to waste oil/ heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 

ti 
’ I 

/ c /I II 



TABLE 4-55 
LOWER SUBASE 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

BACK- SAMPLEID: ) 13MWl 1 13MW2 1 13MW3 13MW4 j 13MW5 13MW6( 13MW7 13MW8 13MW9 
PARAMETER GROUND DEPTH (ft): 1 12-14 1 lo-12 [ 12-14 6-8 I 10-12 14-16 1 8-10 8-10 6-8 

:. TCL METALS (ppm; 

Aluminum 272000 5470 4480 4310 6490 6980 4720 3250 3490 3370 
Antimony 2.95 NDJ NDJ NDJ NDJ NDJ ND J NDJ NDJ ND J 
Arsenic 31.5 0.59 B 1.3 B 4.3 1.9 B 2B ND 0.75 B 0.53 B ND 

ND 0.25 B 1 ND 0.4 B j 0.28 B 1 ND ND ND ND 

Silver 5 ND ND ND 2.2 J ND ND ND ND ND 

Sodium 51800 140 BJ 74 BJ 117 BJ 365 BJ 114 BJ 123 B 184 BJ 444 BJ 821 BJ 
Thallium 5 ND ND ND ND ND ND ND ND ND 
Vanadium 271 12 10.6 B 11.1 27.1 16.9 13.5 5.7 B 13.6 14.9 
Zinc 178 37.4 24.6 20.7 70.4 j 29.1 24.5 J 20.3 1 28.5 32.7 
Boron 109 45 68 349 48 I 75 ND 48 1 338 53 
Cvanide -- ND ND ND ND 1 ND ND ND 1 ND ND 

TCLP METALS (ppm) 

PARAMETER 1 TBC I 
Arsenic 0.05 / ND 1 ND 1 ND 1 ND 1 ND j ND ) ND 1 ND ND 
Barium 1 0.14 0.22 0.092 1 0.19 0.33 0.16 1 

h Cadmium Chromium 0.05 0.01 0.016 ND J 0.0084 ND ND 1 ND ND ND 1 J 

Lead 0.05 ND 0.13 ND 1 1.7 ND ND 1 
Mercury 0.002 ND ND ND 1 ND ND ND 1 

ND J 1 0.0052 J 1 0.0085 J 1 ND 1 0.0077 J 0.007 J 1 0.0061 J 

I/ 
c3 ND ( ND 1 ND ND ND 1 ND ND 1 ND ND 

G 

s 



BACK- 
PARAMETER GROUND 

Aluknum 272000 
Antimony 2.95 

TABLE 4-55 (continued) 
LOWER SUBASE 

SUMMARY OF SUBSURFACE SOIL ANALYTICAL DATA (INORGANICS) 

SAMPLE ID: 
DEPTH (ft): 

13MWl0 1 13MWll 1 13MW12 ( 13MW13 
I 1 

1 13MW14 1 13MW15 1 13MW16 ( 13MW17 
6-8 2-4 S-10 1 S-10 1 12-14 1 12-14 1 lo-12 1 S-10 

TAL fNORGANK3 ippm) 

4590 1 7210 1 8120 1 6510 1 6280 1 5510 [ 10600 2670 
NDJ 1 

1 
NDJ 1 NDJ 1 NDJ 1 NDJ 1 NDJ [ NDJ 

_- - 

DO I ND 
ND 1 ND 1 ND 1 ND I ND 1 ND I ND 1 ND 

TCLP METALS (ppm) 

PARAMETER 1 TBC 1 
) 1 ND ( NDJ 1 ND 1 0.36 1 ND 

^_ ’ --z< 1 fInA 
Arsenic 0.05 j ND 1 ND 1 NE 
Barium 1 1 0.16 1 0.26 1 0.21 1 0.24 1 0.072 ) 0.01 1 0.0 

-. 
I -  - . - .  

Lead 0.05 0.2 1 8.6 l NT 

Mercury 0.002 ND 1 ND ND 
Selenium 0.01 ND j ND ND j ND 1 ND 1 ND 1 ND 
P;k,.%r n I\< .- - __- - 

Cadmium 
Chromium 

0.01 I ND 1 0.0024 j ND ND ND ND ND ND 

0.05 1 / 0.01 J 1 0.014 J 1 0.071 J ND ND ND ND ND 
) NDJ 0.56 J ND 1.4 * ND 

ND ND ND ND ND 
ND _ .- 

UII”CL I “.“_I ( I NDJ 1 NDJ 1 NDJ 1 NDR 1 NDR 1 NLIK I NUK I 0.008J 

NOTES: 
1) ARARsAK indicates applicable arelevant and appropriate requiements; TBC indicates to be considered values (refer to Section 4.2 for flrther explanation). Background values are discuswd in Section 43. Shaded 

numbersexceed TBC or background valuea. 
2) Assigned letters adjacent to numrical ~Iues are data qualifiers. Refer to Section 2.11 for fuiher explanation. 
3) ppb indicatesa concenCation of parts per billion; ppm is parts pa million. 
4) ND means not detected, less than detection limit. Refer to Section 2.2 for futher explanation. NA indicates not analyzed. 
5) l indicates RCRA characteristic hazardous waste level of 5 ppm exceeded. 

c III c Ii 
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BuiIdiw 79 

The following soil samples, all adjacent to Building 79, were identified to contain a 
mixture of #6 and waste oil: 13MWl4, 13MW15, and 13Mw16. This indicates an area of 
petroleum hydrocarbons from Building 79 to the Thames River. Also near Building 79, five soil 
borings were made to define the extent of subsurface oil contamination. While some evidence 
of oil was apparent in each boring except 13TB1, two borings, 13TB3 and 13TB2, had heavier 
concentrations of oil present as indicated by the presence of oil globules. As discussed above, 
several soil samples analyzed from this area contained low levels of VOCs. Plate 4-3 provides 
a summary of fluorescence, TPH and VOC data in this area. The highest concentration of TPH 
was at 13MWl6 (960 ppm). Based on the evaluation of the soil analytical data and the utility 
inspection, an area of oil contamination northwest of Building 79 is also shown on Plate 4-3. 

Bullhead Road (East) 

Petroleum hydrocarbons were also detected at 13MW12 where #2 oil was identified with 
a TPH concentration of 3400 ppm. The most likely source of contamination in this area is from 
the adjacent underground oil pipeline. The full extent of contamination here is unknown, 
however it appears to be limited based upon the lack of total petroleum hydrocarbons in ground 
water from this sampling location. It is further noted that no VOCs were present in the soil 
sample at this location. 

Inowanics 

The total metals analyses were compared to the established background levels. 
4 

Two 
constituents, lead and boron, are present in concentrations above typical background ranges, lead 
at three of 17 locations (13MW4S, 13MWllS, 13MW14S) and boron at four of 17 locations 
(13MW3S, 13MW8S, 13MW15S, 13MW16S). Boron is a constituerrt of salt water and its 
concentration in the Thames River at Goss Cove was measured at 38,000 ppb. 

There does not appear to be any consistent pattern regarding the distribution of lead in 
the subsurface. It is possible that the lead was a contaminant mixed in with the fill materials 
deposited in this area. More likely, based upon a knowledge of the history of the Lower Subase, 
the lead is from battery acid spillage or disposal. Building 31 was once used for battery storage 
and maintenance. In addition, the proportions between total lead and TCLP lead are similar to 
those observed in areas of known battery acid storage and disposal. If the source of lead 
contamination was the result of surface spills, concentrations would most likely be higher in soils 
closer to the surface. Only one sample 13MWll was collected near the surface at a depth of 
two to four feet. All other samples are from below 6 feet. 

TCLP analysis results were compared to CTDEP cleanup standards which are TBC 
values. Arsenic (13MW16), chromium (13MW12) and lead (seven locations) were measured 
above the TBC values. For the arsenic, there is no correlation between the total amount of 
arsenic in the soil and the leachate concentrations. Several other soil samples had similar or 
higher concentrations of total arsenic and did not leach detectable levels of arsenic. Mass 
analyses produce more reproducible results than TCLP extracted analyses and the higher TCLP 4 
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level was only measured at one location. For these reasons, this arsenic result is considered 
anomalous. For similar reasons to those above for arsenic, the one exceedance of TCLP 
chromium above TBC is also considered anomalous. 

For lead, there is a correlation between total mass analysis and TCLP concentrations. 
Two of the TCLP lead results are above 5 ppm which is the threshold level defining a RCRA 
characteristic hazardous waste. In comparing leachate values to total values, it is evident that 
all or nearly all of the lead is leaching from the soil during the TCLP. The two sample locations 
with lead above the hazardous waste level are 13MWll and 13MWl6. 

The Lower Subase has been active since the 1800s. Underground storage and subgrade 
oil transfer lines extend throughout the study area. The results of this investigation indicate that 
petroleum hydrocarbon constituents are ubiquitous in this area, with several higher 
concentrations of oil defmed. Based on recent underground storage tank and fuel transfer line 
replacements, ongoing releases of oil are believed to have been predominantly corrected 

4.13.5 Ground Water 

Samples were collected from 24 ground water monitoring wells to determine the extent 
and degree of ground water contamination at the Lower Subase. The ground water sampling 
program is summarized in Section 2.0, Table 2-14. The analytical results for the ground water 
are summarized in Table 4-56 (organics), 4-57 (fluorescence), and 4-58 (inorganics). 

Volatile Orpanics 

Volatile organic compounds (VOCs) were only detected at low levels in six of the 24 
monitoring locations. The only exceedance of ARAR/TBCs were at two monitoring wells, 
13MW2S (near Building 107) for benzene, and 13MW13S (east of Building 79) for vinyl 
chloride and l,l,-dicliloroethene. Wells 13MW13S, NESOMWlO, and NESOMWll all contain 
chlorinated VOCs and are located near Building 79. Wells 13MW2S and 13MW8 both contain 
aromatic VOCs which are typical components of oil and are located near the Power House. 

Total petroleum hydrocarbons were only present in detectable concentrations west of 
Building 79 (13MW16S - 5,400 ppm). 

The fluorescence spectroscopy data showed oil to be present at all but five locations: 
13MW6, 13MW13, WEMWl, WEMW4, and WEMWS. Trace concentrations from which 
identification of oil type cannot be made existed at six locations: 13MW8, 13MW9, 13MW11, 
13MW12, NESOlO, and NESOll. Oils identified consisted of waste oil/residual #6 fuel oil, 
lubricating oil and No. 2 diesel fuel. The types of oils identified differed from those identified 
in soils at the same location. The major discrepancy is that ground water near the power plant 
contained #6 oil, and soils did not, based upon the fluorescence analyses. 

Measurable levels of free product was only detected in 13MW5 at a thickness of less than 
l/16 of an inch. The oil was bailed from this well and an oil layer was not evident three hours 
later. 
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TABLE 4-56 (continued) 
LOWER SUBASE 

PARAMETER 

SUMMARY OF GROUND WATER ANALYTICAL DATA (ORGANICS) 

1 ARARs/TBC / SAMPLE ID:1 13MW17Sl WEBAWlS/ WEMW4SI WEMWSS/ NESOMW4SI NESOMW6SbESOMWlOS 1 NESOll 

Total Petroleum Hydrocarbons 

TOTAL PETROLEUM HYDROCARBONS (ppbf 

1 ND ( ND 1 ND 1 ND 1 ND 1 ND ) ND 1 ND 

NOTES: 
1) ARARwTBC indicates applicable m rele~dnt and appropriate requiements; TBC indicates to be considered valuer (refer to Section 4.2 frrtber explanation). Shaded numbers exceed ARARTI’BC values. 

2) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.11 la ftrther explanation. 

3) ppb indicates a concentration of parts per billion; ppm ir parts per million. 

4) ND nzeans not detected, less than detection limit. Refer to Section 2.2 for further explanation. NA indicates not analyzed. 

5) Only the parameters detected are listed abox, all others were not detected. 



‘SAMPLE ::. 
13MWlS 
13MW2S 
13MW3s 
13MW4s 
13MWss 
13MW6S 
13MW7s 
13MW8 

13MW9s 
13MWlOS 
13MWllS 
13MW12S 
13MW13s 
13MW14s 
13MWlSS 
13MW16S 
13MW17s 
WEMWlS 
WEMW4S 
WEMWSS 

NESOMW4S 
NESOMW6S 
NESOMWlOS 

NESOll 

TABLE 4-57 
LOWER SUBASE 

SUMMARY OF GROUND WATER FLUORESCENCE SPECTROSCOPY DATA 

:, OBSERVATIONS 
Spectra is similar to waste oil/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
Spectra is similar to waste oil/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
Spectra is similar to waste oil/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
Spectra is typical of No. 2 diesel oil. 
Spectra is typical of waste lubricating oils. 
No detection of these compounds was observed. 
Spectra is similar to diesel fuel/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification by fluorescence impractical. 
Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification by fluorescence impractical. 
Spectra is typical of heavy residual fuel oil. 
Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification by fluorescence impractical. 
Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification by fluorescence impractical. 
No detection of these compounds was observed. 
Spectra is similar to waste oil/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
Spectra is similar to waste oil/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
Spectra is typical of heavy residual fuel oil. 
Spectra is similar to waste oil/heavy residual fuel oil (i.e. No. 6 fuel oil) mixture. 
No detection of these compounds was observed. 
No detection of these compounds was observed. 
No detection of these compounds was observed. 
Spectra is typical of residual fuel oil. 
Spectra is typical of heavy residual fuel oil. 
Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification by fluorescence impractical. 
Spectra is unresolved. Trace concentrations of petroleum hydrocarbons make oil identification by fluorescence impractical. 



a 
z TABLE 4-58 
M LOWER SUBASE 
H SUMMARY OF GROUND WATER ANALYTICAL DATA (INORGANICS) 

PARAMETER1 ARARs/TBC 1 SAMPLE ID:1 13MWlS 1 13MW2S 1 13MW3S 1 13MW4S 1 13MWSS 1 13MW6S 1 13MW7S 1 13MWS 

TXL IIVORCXhWS (pph) 

Aluminum 200 TBC SMCL ND ND 31 B 1 lci600 178 B ND 625 89.3 B 

Antimony STBC PMCL ND ND ND ND ND ND ND ND 

Arsenic 50 ARAR MCL ND 5B 3.7 B 8.5 B ND ND ND ND 

. z 

Iron 300 TBC SMCL 5650 1 11600 1 5860 984 1 3260 46.7 BJ 697 1230 

Lead 15 ARAR 1 Action Level 1 NDJ 1 2.2 BJ 1 ND J 1 9.4J ( NDJ 1 4.2 BJ j 2BJ 1 15.3 

Magnesium 

Manganese 

Mercurv 

-- 2930 B 3150 B j 4770 B 129 B 17200 5390 3260 B 10700 

50 TBC SMCL 1090 697 472 10.2 B 344 ND 58.3 433 

2ARAR MCL 1 ND ND I ND ND ND ND ND ND 

Nickel 

Potassium 

Selenium’ 

Silver’ 

Sodium 

Thallium 

Vanadium 

100 TBC PMCL 27.2 BJ 19.7 BJ 23.2 BJ 23.5 BJ 22 BJ 18.7 BJ 19.6 BJ NDJ 

-- 3070 B 4700 B 4810 B 2090 B 12700 5450 5130 8720 J 

10 ARAR MCL ND ND ND ND ND 1.2 B ND 1B 

50 ARAR MCL ND ND ND ND ND ND ND 7.4 BJ 

28000 TBC Notif. Level 18200 14800 J 39200 354000 177000 53400 J 260000 192000 

1TBc PMCL ND ND ND ND ND ND ND ND 

20 TBC USEPA HA ND ND ND 22.6 B ND ND ND ND 

Zinc 

Boron 

Cyanide’ 

5000 TBC SMCL 28 J j 13.4 BJ 18.3 BJ 1 26.5 J 12.9 BJ 11.4 BJ 11.7 BJ 14.8 B 

600 TBC USEPA HA 1800 1 700 4100 t 18000 1800 3600 4300 6790 

200 ARAR MCL NDJ 1 NDJ NDJ 1 NDJ NDJ NDJ NDJ ND 



TABLE 4-58 (continued) 

LOWER SUBASE 
SUMMARY OF GROUND WATER ANALYTICAL DATA (INORGANICS) 

PARAMETER/ ARAR4TBC 1 SAMPLE ID:1 13MW9S 1 13MWlOS 1 13MWllS ( 13MW12S / 13MW13S 1 13MW14S ) 13MW15S / 13MW16S 

Cyanide’ ( 200ARAR 1 MCL NDJ 1 NDJ NDJ NDJ NDJ ( NDJ 1 NDJ 1 NDJ 



‘I 
,I ) 

TABLE 4-58 (continued) 
LOWER SUBASE 

SUMMARY OF GROUND WATER ANALYTICAL DATA (INORGANICS) 

PARAMETER1 ARARs/TFK 1 SAMPLE ID:1 13MW17S 1 WEMWlS 1 WEMW4S 1 WEMWSS 1 NESOMW4j NESOMW6S ) NESOMWlOS ( NESOll 

TAL INORGANICS (ppb) 

Aluminum 200 TBC 

Antimony 5TBC 

Arsenic 50 ARAR 

Barium’ 1000 ARAR 

Bervllium 1TBc 

SMCL 

PMCL 

MCL 

MCL 

PMCL 

ND ND ND ND ND ND ND ND 

ND ND ND ND ND ND ND ND 

ND 4.8 B ND 5.2 B ND ND ND ND 

ND ND 17.1 B 32.2 B ND ND 51.3 B 25.8 B 

ND ND ND ND ND ND ND ND 

Cadmium 

Calcium 

Chromium’ 

SARAR MCL ND NDJ NDJ NDJ ND NDJ 25.5 J 6.9 J 

-- 28600 23500 23600 22400 19600 20800 51800 36100 

50 ARAR MCL ND ND ND ND 10.7 J ND ND ND 

Cobalt 

CoPP=’ 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium’ 

Silver’ 

Sodium 

Thallium 

Vanadium 

Zinc 

Boron 

Cyanide’ 

-- ND ND ND ND 5.4 B ND ND ND 

1000 ARAR MCL ND ND ND ND ND 6.8 B 5.2 B 9.2 B 

300 TBC SMCL 225 J 1080 J 1020 J 10200 J 862 112 J 4560 J : 384J 

15 ARAR Action Level 2.5 BJ 2.1 BJ 2.9 BJ 2 BJ 2.3 BJ 2 BJ NDR 22.2 J 

-- 15000 7570 3630 B 3950 B 14200 5980 116000 2530 B 

50 TBC SMCL 18.6 95.2 68.9 673 : 351 ND 403 234 

2ARAR MCL ND NDJ NDJ NDJ ND NDJ NDJ NDJ 

100 TBC PMCL 21.8 BJ 17.3 BJ 14.9 B 17.1 BJ 19.5 BJ 23.9 BJ 18.9 BJ 20.9 BJ 

-- 7780 6410 4490 B 6380 10000 3990 B 37600 6700 

10 ARAR MCL ND NDJ NDJ NDJ ND NDJ NDJ NDJ 

50 ARAR MCL ND NDJ NDJ NDJ ND NDJ NDJ NDJ 

28000 TBC Notif. Level 112000 48900 J 50900 J 48900 J 169000 48100 .I 1440000 J 40800 J 

1TBc PMCL ND NDR ND R ND R ND ND R ND R ND R 

20 TBC USEPA HA ND ND ND ND ND ND ND ND 

5000 TBC SMCL 19.8 BJ 8.2 BJ 11 BJ 9.6 BJ 12.6 BJ 345 63.4 55.6 J 

600 TBC USEPAHA 1 5700 1400 1800 400 4200 2400 19000 1200 

200 ARAR MCL 1 NDJ 1 NDJ NDJ 1 NDJ NDJ NDJ NDJ NDJ 

NOTES: 
1) ARARsflBC indicates applicable or relevant and appropriate requiements; TBC indicates to be considered ~dlues (refer to Section 4.2 fw fu-rberexplanation). Shaded numbers exceed ARARITBC values 

2) Assigned letters adjacent to numerical valuer are data qualifiers. Refer to Section 2.11 for flrthcr explanation. 

3) ppb indicates a concentration of parts per billion; ppm is parts per million. 

4) ND, means not detected, less than detection limit. Refer to Section 2.2 for futher explanation. NA indicates not analyzed. 

5) Radiological constituent values have an assigned +I- range due to sample interference. 

6) The acronym adjacent to the ARARITEK value indicates the source of the value. Refer to Table 4-2 oc glcasafy for father explanation. 
7) ‘here valuer are based on CTDOHS MCLs which are lower than IJSEPA MCLs. CTDOHS may at some future time revise their MCLs to correspond to U.S. EPA’s, 



Generally speaking, low level oil contamination is ubiquitous at the Lower Subase. Two 
areas of higher concentration oil contamination are evident, one downgradient of the tanks near 
the Power House and Fire Station, and one downgradient of Building 79. This finding is 
generally consistent with those from two previous studies (NEOS, 1979 and Wehran, 1987). 
The primary difference is that the previous studies indicated the presence of substantial amounts 
of free product. It is likely that the free product previously identified was not as extensive as 
estimated, and that what free product existed is non residual oil contained in the soil or it has 
seeped to the Thames River. Active seepage to the Thames River is not presently evident. 
Early estimates of free product were based upon the thickness of the oil layer in monitoring 
wells. The thickness of oil in a monitoring well is typically greater than in the adjacent aquifer. 

_ _ 

--is 

Inowanics 

Several findings regarding the inorganic analyses are evident. MCLs or action levels 
for lead are exceeded at four locations, NESOll for cadmium and lead, 13MW8 for 
cadmium and lead, NESOMWlO (adjacent to Building 20) for cadmium and 13MW9 (foot of 
Corvina Road) for selenium. USEPA health advisories are exceeded at three locations, 
13MW4S for vanadium and 13MW15 and 13MW16 for thallium. No thallium was detected in 
any subsurface soil samples. No cadmium, thallium or selenium was detected above background 
levels in soils. Secondary MCLs for iron or manganese are exceeded at 20 of the 24 wells. The 
four wells without exceedance of secondary MCLs are 13MW6, 13MW10, 13MW17 and 
NESOMW6. Sodium and boron, both present at high concentrations in salt water, are present 
above notification levels for sodium or the USEPA health advisory for boron at all monitoring 
wells except for wells 13MWlS, 13MW2S, and 13MWlOS, which have acceptable sodium 
levels. The only other result of note is the high aluminum concentrations in wells 13MW4 and 
13MW7 near the power plant. 

The range of pH levels at the Lower Subase was between six and seven, except for at 
three locations. Values between six and seven are considered normal for ground waters. The 
three locations where values were not measured in this normal range are 13MW4S at 11.11, 
13MW7S at 9.09, and 13MW9S at 7.34. Field notes also indicate elevated temperature at 
13MW4S. These high values indicate the subsurface release of an alkaline material near 
Building 29. Ground water from wells 13MW4S and 13MW7S both show elevated levels of 
aluminum which is probably due to this release. Navy personnel indicated that they have been 
trying to find the outlet for boiler blowdown from the Power Plant. Previous dye tests did not 
indicate the outlet of the boiler blowdown in adjacent storm or sanitary sewers. Boiler 
blowdown has a high temperature and PH. It is likely that the high pH values observed in 
ground water are due to a subsurface release of boiler blowdown. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

This section addresses the behavior of chemicals in the environment and the properties 
that determine their fate. 

5.1 Fate and Transuort Data 

Contaminants detected in environmental media at NSB-NLON include volatile organic 
compounds (VOCs), semi-volatile organic compounds (SVOs), polychlorinated biphenyls 
(PCBs), organochlorine pesticides, total petroleum hydrocarbons, and inorganics. 

The chemical properties for the organic compounds are listed on Table 5-1. These 
chemical properties are molecular weight, water solubility, vapor pressure, Henry’s Law 
constant (II), the organic carbon partition coefficient (&,J, and the octanol/water partition 
coefficient (I&,). 

Water solubility is the maximum amount of a compound that will dissolve per unit 
measure of water at a given temperature. Solubilities listed on Table 5-l are for temperatures 
of 20 to 3OoC. Compounds with higher solubilities will tend to be more mobile in the 
environment as they will be more likely to dissolve in precipitation or infiltration and leach to 
groundwater or surface water. 

The vapor pressure of a compound is the pressure exerted by its vapor phase in 
equilibrium with its liquid or solid phase at a given temperature. Table 5-l lists vapor pressures 
for organic compounds at temperatures from 20 to 3OoC. Compounds with higher vapor 
pressures are more likely to be volatile and partition to the air. 

The Henry’s Law constant (II) can be thought of as an air/water partition coefficient with 
larger H values indicating a greater tendency to volatilize. It relates the concentration of the 
compound in the gas phase to its concentration in the liquid phase and can be calculated as the 
compound’s vapor pressure over its solubility. The Henry’s Law constant is temperature 
dependent. According to Lyman et al. (1982), compounds with H less than 3 x lo7 atm- 
m3/mo1e are less volatile than water and can be considered essentially non-volatile. Some of the 
semi-volatile compounds are in this category. For H between 107 and 10s5 (most of the semi- 
volatile compounds), the compound slowly volatilizes at a rate controlled by molecular diffusion 
through air. Below an H of 2 x 105, the compound partitions to water at a rate controlled by 
the gas phase. For H between 10” and 10” atm-m3/mole, both liquid phase and gas phase 
resistances are important and, although slower than for compounds with higher H values, 
volatilization is an important environmental process. For compounds with H greater than lo3 
atm-m3/mole, the resistance of the water film is the controlling factor to volatilization. Most 
of the volatile organic compounds are in this category. Soluble compounds in this category will 
have a high volatility. However, for compounds with low solubilities, and high values of the 
Henry’s Law coefficient, resistance in the liquid phase controls volatilization. 

The organic carbon partition coefficient (K,) is a measure of the tendency of a compound 
to adsorb to the organic matter in soils or sediments. It is the ratio of the amount of chemical 
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TABLE 5-l 
CHEMICAL PROPERTIES OF COMPOUNDS 

romethane i 50.5 i 6.4 

11.2-Dichloroethane i 99 / 8.5 

doroethene / 97 I 3.51 

Il,l,l-Trichloroethane 1 133 1.5OE+O3 ) 1.23E+O2 

kenauhthvlene 
Anthracene 
Nuoranthene 
Huorene 
2-Meti 

1 178 
I 152 

j 202 
i 116 - 4 

.,93E+!IO 1 2.9OE-02j 1.48E-03 / 2.5OE+O3j 3.70 1 a 1 

1 1.95E-04/ 1.02E-03 j 1.4OE+o4[ 4.45 j a 1 / 4.50E-02 
j 2.061 

1 1.69E+OO~ 

I 3. 

3-01 1 5.00E-061 6.46E-06 / 3.80E+O4! 4.90 ! a 1 

1 7.10&04/ 6.42E-05 / 7.3OE+o3 i4.10/] 
lE-02 i 1 4.08E+O3! 3.86 1 e.c 

uoranthene I 252 j 1.40E-02 
Benzo(g,h,i)PeIyiene 1 276 i 7.OOE-04 1 l.O3E-101 5.34E-08 f lAOE+O6j 6.51 1 a 
BenzofkFluoranthene i 252 i 4.30E-03 1 5.1OE-07I 3.94E-05 i 5.5OE+O51 6.06 I a 
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TABLE 5-l (CONTINUED) 
CHEMICAL PROPERTIES OF COMPOUNDS 

!Molecuh . d Aaueous I Vapor iHenry’s Law I I 

i Weight, iSolubility, Pressure,1 Constant, 1 Koc, / Log j 
Hg Iatm-m3/mold ml/g / Kowi 1 Ref. 

/ 228 1.80E-03 I 6.30: E-09 ! 1 .OSE-O6 2.OOE-H)5i 5.61 ! a 
Dibenz(a,h)Anthracene j 278 ] 5.OOE-04 ) l.OOE-101 7.33E-08 3.3OE+Ofj 6.80 ) a 

Di-n-ButylphthaIate ’ i 278 i 1.3OE+Ol l.OOE-05) 2.82E-07 j 1.7OE+O5) 5.60 1 a 
2,4-Dimethylphenol ) 122 j 5.9OE+O2 2.60E-021 1.75E-05 1 9.6OE+Ol) 2.81 ! a 
4,6-Dinitro-2-methylphenol j 198 j 2.9OE+O2 _ 5.OOE-O2/ 4.49E-05 / 2.40E+O21 2.70 ) a 
2-Methylphenol 1 108.2 j 3.08E+O4 3.1OE-011 1.6OE-06 j 6.62E-W) 1.95 j b,c 
4-Methylphenol 

h’henni 

1 108.1 , j 2.26E+O4 1.3OE-01 I 9.6OE-07 ) 6.48E+olj 1.94 1 b,c 
I 

94 i 9 WE+04 3.41Ea 4.54E-07 i 1.42E+Oli 1.46 ! a 
lzoic Acid I 122.4 I 2.70E+O3 I 4.50E-03; 7.OOE-08 j 5.57E+Ol I 1.87 I b.c I 
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nvlamine(1) i 198.2 1 3.50E+Ol 6.69E-041 5.OOE-06 / 8.45EM2i 3.13 1 d,c 

Beta-BHC 
Endrin 

1 355 / 5.OOE-03 5.50E-061 5.13E-04 i 2.43E+O5i 6.19 / a 
1 290.9 / 1 5.OOE+OO 5.0OE-031 1 5.12E+O3/ 3.78 j e,c 
1 380 1 2.40E-01 2.70E-071 4.OOE-07 1 1.70E+O3/ 5.34 ! a 

i 318 1 4.OOE-02 t 6.50E-06! 6.80E-05 j 7.7OE+O5j 7.00 / 
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TABLE 5-l (CONTINUED) 
CHEMICAL PROPERTIES OF COMPOUTVDS 

Key to references: 
a: Supetfhnd Public Health Evaluation Model (1986) 
b: Howard (1989) 
c: Estimated Koc fi-om Lyman et al. (1982) 
d: ATSDR (1988) 
e: TOXNETdatabase 

NOTE: The reported temperature at which solubility, vapor pressure, Henry’s Law constant, K, and K, were 
measured was in the range of 20” to 30°C. 
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adsorbed per unit weight of organic carbon in the soil or sediment to its concentration in solution 
at equilibrium (Lyman et al., 1982). If a measured K, value is not available for a particular 
compound, it can be estimated from the compound’s solubility or octanol water partition 
coefficient. 

The octanol water partition coefficient, KW, is a measure of how an organic compound 
will partition between an organic phase (octanol) and water. It is dimensionless and is usually 
reported as Log K,. It can be used to assess how a compound will partition to organic 
environmental media such as organic soils or sediments or into biota. Higher values of K, 
indicate that a compound is more likely to partition to an organic phase, such as soils or 
sediment that contain organic carbon. 

Physical, chemical, and microbial processes governing the environmental fate of 
contaminants include volatilization, biodegradation, photolysis, hydrolysis, oxidation, and 
adsorption to soils, sediments, or suspended particulate matter. 

Volatilization is the transfer of a compound from the solid or liquid phase into the vapor 
phase. It is controlled by the compound’s solubility, molecular weight, and vapor pressure, and 
by physical properties of the air-water interface (Lyman et al., 1982). In general, the less 
soluble compounds with lower molecular weights and higher vapor pressures are more volatile. 
For volatilization from water, properties of the water body that control the rate of volatilization 
are depth, flow rate, waves, sediment content, and atmospheric conditions such as wind speed. 
Volatilization from soil is affected by environmental factors such as humidity and by the soil 
moisture content, organic matter content, porosity, density, and clay content. 

Biodegradation is the environmental process by which organic contaminants are broken 
down by microbial action to simpler compounds, eventually to water and either carbon dioxide 
or methane. It can occur in either an aerobic or anaerobic environment in soil, sediment, 
surface water, and groundwater. Factors influencing biodegradation rates are the chemical 
characteristics of the compound and the concentrations present, the types of microbes present 
and their previous exposure to the contaminant, and environmental parameters. The types of 
microorganisms present and the rate at which they can use organic contaminants as a source of 
carbon depends on environmental factors such as pH, soil moisture content, temperature, 
salinity, and the presence of oxygen. Generally, certain types of microorganisms will be active 
in a given range of these parameters. 

Bioaccumulation is the accumulation and transport of a chemical via the water and 
through the food chain. The potential for bioaccumulation is quantified by bioconcentration 
factors (BCFs) which define the ratio of a pollutant concentration in animal or plant tissue to the 
concentrations of the same chemical in the environmental media of contact (air, water or soil). 

Contaminants are transformed to smaller, less complex compounds via the chemical 
processes of hydrolysis, photolysis, and oxidation. Hydrolysis is due to the reaction of hydrogen 
bonds in water with the compound. In general, hydrolysis is only important in determining the 
fate of organic acids or bases. Photolysis is the transformation of an organic compound caused 
by absorbing energy from sunlight. It can be an important process in the attenuation of organic 
contaminant concentrations in surface water. Some organic compounds may be oxidized by 
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exposure to oxidizing agents such as atmospheric oxygen. However, for many of the organic 
compounds detected at NSB-NLON, the oxidation rate is too slow to substantially affect 
contaminant concentrations. 

The adsorption of organic compounds onto soils, sediments, and suspended sediments 
plays an important role in determining the compound’s environmental fate. The degree to which 
a compound will adsorb onto soils or sediments depends on its chemical properties and physical 
and chemical properties of the soils or sediments. The organic carbon partition coefftcient (K,,J 
or octanol/water partition coefficient (K,) is a measure of how a particular compound will 
adsorb to soil. Higher coefficients indicate a greater tendency for the compound to adsorb to 
organic matter in soil. Soil characteristics influencing adsorption are organic carbon content, 
clay content, cation exchange capacity, pH, and particle size. In general, the soil characteristic 
that most influences the adsorption of organic compounds to soils is its organic carbon content. 
Compounds with higher K, or I&,, values have a higher tendency to partition to other organic 
media such as organic soils. 

The way in which a chemical is released into the environment and the quantity of 
the chemical released also governs its environmental fate. A spill of a relatively insoluble 
organic chemical onto soil can remain in a non-aqueous phase (known as a non-aqueous 
phase liquid of NAPL). If the spill is of enough volume that the liquid reaches ground 
water in bulk (small spills will remain adsorbed to soil), liquids that are less dense than 
water will tend to float on top of the water table (light non-aqueous phase liquids or 
LNAPL), while liquids that are denser than water (dense non-aqueous phase liquids or 
DNAPL) can sink through the aquifer. Products that behave as LNAPL are petroleum 
hydrocarbons such as gasoline and fuel oil and their constituents. High density, low 
viscosity materials comprise DNAPL. Materials with these characteristics include 
chlorinated hydrocarbons such as trichloroethene and tetrachloroethene. LNAPL and 
DNAPL have not been detected at NSB-NLON. 

A spill of sufficient volume will descend through the pore spaces of the unsaturated 
soil iu the vadose zone. Some of the product will remain adsorbed to vadose zone soil. 
Once in the vadose zone, the chemical is dissolved in infiltrating precipitation and is acted 
upon by environmental processes such as volatilization, biodegradation, etc. 

If a spill of LNAPL is of large enough volume, it can reach the capillary fringe on 
top. of the water table. As more product reaches this area, the capillary fringe becomes 
compressed, the water table becomes depressed, and LNAPL accumulates in the depression. 
Seasonal fluctuations of the water table can raise and lower the non-aqueous layer and 
carry contaminants to the area of soil between the seasonal high and low water tables. 

Because of its density and low viscosity, DNAPL travels through the vadose zone and 
continues migrating downward through the capillary fringe and the water table. As it 
comes into contact with infiltration and ground water, it begins to dissolve, and can 
volatilize or be biodegraded. If sufficient DNAPL is present, it can sink through the 
aquifer to a confining layer or bedrock. If DNAPL reaches bedrock, its movement is 
governed by the bedrock surface. Therefore, under certain situations, the bulk movement 
of the DNAPL can differ in direction from ground water flow. 
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--= - 5.1.1 Volatile Organic ComDounds 

The types of volatile organic compounds (VOCs) detected in samples of environmental 
media from NSB-NYLON include aromatics, chlorinated aliphatics, ketones, and one sulfur 
compound, carbon disulfide. In general, because these compounds are partially soluble in water 
and have a relatively high vapor pressure, they are mobile in the environment and tend to 
partition between water and the atmosphere. Most VOCs can undergo biodegradation or 
biotransformation in soil or water under certain conditions. 

5.1.1.1 Nonchlorinated Aromatic Volatile OrPanic Compounds 

The nonchlorinated aromatic VOCs detected include benzene, toluene, ethylbenzene, and 
xylenes. These compounds are commonly used as solvents and are found in gasoline and other 
light fraction petroleum distillate products. Benzene is the basic molecule in this series and the 
other members of this class have methyl or ethyl groups substituted on the benzene ring. These 
compounds will have a similar environmental fate as they have similar solubilities, vapor 
pressures, and K, values. 

5.1.1.2 Chlorinated Volatile Orpanic Compounds 

---- 

The chlorinated VOCs detected at NSB-NLON include chloromethanes, chloroethanes, 
and chloroethenes. These compounds are commonly used as solvents and degreasers. Soil 
bacteria are capable of biotransforming the larger, more complex compounds in this group such 
as 1 ,l ,I-trichloroethane and trichloroethene to smaller and/or less chlorinated compounds. 
These transformation pathways are shown in Figure 5-1. The presence of some of these 
compounds :in environmental media at the site may be due to microbial degradation of parent 
compounds rather than a loss or spill of the compound itself. 

The chloromethanes detected (chloromethane and methylene chloride) are the smaller 
molecules of this class. Chloromethane and methylene chloride are more water soluble than the 
other compounds in this class and hence are more mobile in the environment. The solubilities 
and vapor pressures, and hence the Henry’s Law constant of the chloroethanes and chloroethenes 
are similar. However, their K, values tend to increase with increasing chlorination indicating 
that the more chlorinated compounds of this class will tend to partition to organic soil or 
sediment. 

5.1.l.3 Other Volatile OrPanic ComDounds 

The ketones detected include acetone, 2-butanone, and 4-methyl-2-butanone. Ketones 
are also commonly used as solvents. These compounds tend to be more soluble and have lower 
Henry’s Law constants than the other VOCs. They are, therefore, more likely to remain in 
solution and less likely to volatilize. They also tend to have lower I& values than the other 
VOCs indicating that they are less likely to partition to organic media. 

--. The only sulfur-containing VOC detected was carbon disulfide. Carbon disulfide is a 
naturally occ:urring product of anaerobic biodegradation (Howard, 1990). It is also a waste by- 
product of v:iscose rayon and cellulose manufacturing and is used as a grain fumigant. Its 
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It. chemical properties indicate that its behavior in the environment will be similar to the 
chlorinated VOCs. 

51.2 Semi-Volatile Organic Comuounds 

The semi-volatile organic compounds detected include polynuclear aromatic hydrocarbons 
(PAHs), two phthalate esters, five phenolic compounds, two aniline derivatives, benzoic acid, 
dibenzofuran, and N-nitrosodiphenylamine. As their name implies, the compounds in this class 
are less volatile and less likely to migrate or volatilize than the VOCs. 

5.1.2.1 Polvnuclear Aromatic Hvdrocarbons 

Polynuclear aromatic hydrocarbons (PAHs) are composed of multiple aromatic or 
benzene-like rings. Naphthalene, the smallest molecule of the PAHs, is composed of two rings. 
PAHs detected at NSB-NLON range in size from naphthalene (molecular weight of 128 g/mole) 
to 6 ring structures such as benzo(g,h,i)perylene (molecular weight of 276 g/mole). 

Sources of PAHs are petroleum and coal and formation during the combustion of organic 
matter. The widespread burning of fossil fuels has resulted in aerial deposition of PAHs to 
surface soils and sediments. 

The smaller PAHs (molecular weights less than 200 g/mole) such as naphthalene are 

/1 slightly soluble, have Henry’s Law constants in the range of 103 to 105 and hence are relatively 
mobile in the environment. They will tend to volatilize from soil, sediment, or water. The 
larger PAHs have lower solubilities, low Henry’s Law constants, and large K, values. They 
will not volatilize to a great extent and will remain adsorbed to soils or sediments. Photolysis, 
chemical oxidation, and biodegradation are important degradative processes controlling the fate 
of PAHs in the aquatic environment (Neff, 1979). 

5.1.2.2 Other Semi-Volatile OrPanic ComDounds 

Phth‘alate esters are dispersed throughout the environment due to their common use as 
plasticizers. Di-n-butylphthalate and bis(2-ethylhexyl)phthalate were detected in environmental 
media at NSB-NLON. Phthalate esters have relatively low Henry’s Law constants (low5 to lo-’ 
atm-m3/mole) and high Q values indicating that, although they may volatilize, it is at a slow 
rate and they will tend to partition to organic soils and sediments. Phthalate esters will undergo 
biodegradation in soil and sediment. Photolysis and oxidation do not appear to be important 
processes in governing the fate of these compounds (Clement Associates, 1985). 

Phenolic compounds detected onsite include phenol, 2-methyphenol, 4-methylphenol, 2,4- 
dimethylphenol, and 4,6-dinitro-2-methylphenol. Phenol, the parent compound of this class, 
consists of a. hydroxyl group attached to a benzene ring. These compounds are weak acids due 
to the hydroxyl group and they dissociate slightly in water. This characteristic also makes them 
more soluble in water than most of the other classes of compounds discussed in this section 
(solubilities of 290 to 93,000 mg/l). Based on their Henry’s Law constants, phenols volatilize 
in the environment at a slow rate. Their K, and K, values indicate a moderate ability to adsorb 
to soil, similar to that of VOCs. The process governing the environmental fate of phenols is 
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biodegradation; they are biodegraded rapidly in both soil and water. Photolysis of phenols also 
occurs rapidly in the environment, but biodegradation has a greater effect on their fate since it 
can occur in the subsurface as well as in environmental media exposed to sunlight. 

Benzoic acid can be naturally occurring; it has several uses in industry, including as a 
food preservative. The acid dissociation constant (PK,) for benzoic acid is 4.205 and, therefore, 
it will be found in the dissociated form at typical environmental pH values. Benzoic acid is 
relatively soluble in water but has a low Henry’s Law constant indicating that it will tend to 
remain dissolved rather than to volatilize. It is readily biodegraded in soil and water (Howard, 
1990). 

The aniline compounds are composed of an amine group attached to a benzene ring. The 
amine group causes them to be weak bases and to be more soluble in water than similar organic 
compounds. The compounds 4-chloroaniline and 2nitroaniline were detected in environmental 
media at NSB-NLON. Volatilization is an important process governing the environmental fate 
of these compounds; a half-life of 6.4 hours in the water column has been measured for 4- 
chloroaniline (Howard, 1989). The aniline compounds biodegrade rapidly in soil and water. 
In surface water and soils, photolysis also occurs rapidly. 

There is little available literature on the behavior of dibenzofuran in the environment. 
The structure of dibenzofuran is similar to a three ring PAH molecule with oxygen substituted 
for a carbon atom. Its chemical properties are also similar to those of the smaller PAH 
compounds. It is moderately soluble in water (solubility of 10 mg/l) and its Henry’s Law 
constant (9.8 x 10e5 atm-m3/mole) indicates that volatilization will be an important process in 
determining its environmental fate. It also has a relatively high K, value and is likely to adsorb 
to soils and sediments. 

The use of N-nitrosodiphenylamine has been discontinued in the United States. It was 
formerly used as a retarder in the manufacture of rubber to prevent premature vulcanization. 
N-nitrosodiphenylamine will volatilize from water at a slow rate (H = 5 x 106 atm-m3/mole). 
Reported organic carbon partition coefficients (IQ for this compound are in the range of 830 
to 1830, indicating a tendency to adsorb to organic soils and sediments (ATSDR,1988). The 
main process affecting the fate of N-nitrosodiphenylamine in the environment is biodegradation, 
although photolysis is also likely to be a significant process in surface water and surficial soils. 

5.1.3 Pesticides/PCBs 

The organochlorine pesticides beta-BHC, endrin, endrin ketone, methoxychlor, and DDT 
and its breakdown products DDD and DDE were detected in environmental media at NSB- 
NLON. 

Beta-BHC is an isomer of hexachlorocyclohexane produced during the manufacture of 
gamma-BHC or lindane. Of the organochlorine pesticides detected, it is the most mobile in the 
environment based on its higher aqueous solubility and lower K, and K,, values. These indicate 
that it tends to remain dissolved and that it adsorbs to soil to a lesser degree than the other 
organochlorine pesticides. It volatilizes slowly from soil and water. Biomagnification of 
hexachlorocyclohexane isomers occurs in the terrestrial food chain. However, they tend not to 
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accumulate in fish (ATSDR, 1989). The beta isomer is fairly resistant to biodegradation in soil 
or water. 

Due to former uses, low levels of DDT and its breakdown products are widespread in 
the environment. They are only slightly soluble in water and have relatively low Henry’s Law 
constants indicating that they are unlikely to be present in the dissolved form in the environment 
and are unlikely to partition to the atmosphere. They have high Log K, values (6.2 to 7) and 
hence adsorb strongly to organic soils and sediments. They are also taken up by biota and 
bioaccumulated. 

Endrin and methoxychlor have similar chemical properties to DDT and hence behave in 
a similar manner in the environment. They tend to adsorb strongly to soils and sediments. 
Although they are taken up by biota, they do not bioaccumulate or biomagnify in the food chain 
to the degree that DDT does. 

Polychlorinated biphenyls (PCBs) detected in environmental media at NSB-NLON include 
Arochlor 1254 and Arochlor 1260. The Arochlor formulations are composed of complex 
mixtures of chlorinated biphenyls. Arochlor 1254 and Arochlor 1260 contain 54 % and 60 % 
chlorine, respectively. Arochlor 1254 is composed mainly of tetrachloro-, pentachloro-, and 
hexachlorobiphenyls with smaller amounts of the mono-, di-, tri- and heptachloro- congener 
groups while Arochlor 1260 is composed mainly of the pentachloro-, hexachloro-, and hepta- 
chlorobiphenyls with lesser amounts of the other congeners (ATSDR,1989). 

Up until the 197Os, PCBs were used widely as dielectric fluids in electrical capacitors 
and transformers because of their resistance to thermal degradation. Although the manufacture 
and use of PCBs for this purpose was discontinued in the United States in the 197Os, older 
equipment may still contain PCBs. 

PCBs in general have a relatively high Henry’s Law constant and dissolved PCBs will 
tend to partition to the atmosphere. However, since PCBs are only slightly soluble in water, 
their rate of partitioning to the atmosphere is controlled by their low solubility. PCBs are 
strongly adsorbed onto organic soils and sediments. Log K, values for the PCB congeners in 
Arochlor 1254 and 1260 range up to 9.35 (Shaw and Connell, 1982). (An average value is in 
Table 5-l.) PCBs are also likely to be taken up by biota and stored in lipids. 

Biodegradation of PCBs in the environment depends on their degree of chlorination. The 
highly chlorinated congeners of Arochlors 1254 and 1260 are fairly resistant to biodegradation. 
Photolysis may be an important process for the environmental degradation of dissolved PCBs. 

5.1.4 Inorpanics 

Inorganic contaminants detected in environmental media NSB-NLON include metals and 
cyanide. 

:- 5.1.4.1 Metals 

Unlike most of the other contaminants detected in environmental media at NSB-NLON, 
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metals occur naturally in the environment in addition to resulting from anthropogenic sources. 
Section 4.0 discussed the distribution of metals in the environment and assessed whether the 
metals detected at NSB-NLON occur at concentrations in excess of their naturally occurring 
levels. 

The fate and transport of metals in the environment depends on chemical properties of 
the metal as well as chemical and physical characteristics of the environment. The solubility of 
metals and metal salts controls the amount of metal available to ground water or surface water, 
although other physical and chemical processes control the observed concentrations of those 
metals in water. Environmental factors influencing the mobility of metals in the environment 
include pH, Eh, the presence or lack of oxygen, the presence of other metal compounds such 
as iron oxides, and the presence of anions and complexing agents. 

In general, metals are more soluble and more mobile in the environment at lower pH 
values. Higher pH values tend to cause metals to precipitate from solution. 

The oxidation/reduction potential of the aquatic system being assessed (surface water, 
ground water, or interstitial pore water in sediments) determines the equilibrium valence state 
of the metal. The more oxidized form of the metal will be favored under aerobic conditions; 
the reduced form is favored under anaerobic conditions. Many metals, including lead and 
cadmium, are less mobile in anoxic environments because they form nearly insoluble sulfide 
salts. However, some metals such as iron are more soluble in their reduced (Fe II or ferrous) 
form. When dissolved iron moves from a reducing to an oxidizing environment, the iron is 
oxidized to its ferric (Fe III) form and precipitates out of solution forming orange floe generally 
observed downgradient of landfills. 

The presence of dissolved salts and gases (e.g., carbon dioxide and hydrogen sulfide) and 
the system pH determine the mineral form controlling the metal’s solubility. For example, the 
presence of sulfur in the form of sulfide in a reducing environment will cause precipitation with 
many metals cations (e.g., cadmium and lead) to form the metal sulfide. In addition, metals 
solubility can be enhanced in the presence of complexing agents such as humic acids formed 
from organic materials such as rotting leaves. 

Metals have a high affinity to adsorb to soils and sediments. The degree to which metals 
adsorb to soils depends on the environmental factors discussed above and on characteristics of 
the soil or sediment including organic content, cation exchange capacity, clay content, and the 
presence of iron oxides in the soil. 

5.1.4.2 Cvanide 

The behavior of cyanide in the environment depends on the form of cyanide present. 
Factors influencing cyanide include pH, the presence or lack of oxygen, and the presence of iron 
which forms complexes with cyanide. Hydrogen cyanide is a weak acid with a pK, of 9.21. 
At most environmental pH values, hydrogen cyanide is in its associated form (HCN). In this 
form, cyanide is very mobile in the ground water and volatilizes as cyanide gas. However, 
cyanide forms hexacyanoferrate complexes with the ferrous (Fe II) and ferric (Fe III) forms of 
iron which are abundant in soil. Cyanide in these forms is much less toxic than free cyanide. 
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The hexacyanoferrate complexes can bind to ferrous or ferric ions to form ferroferro- or 
ferriferrocyanide compounds that are much less soluble than free cyanide and have a much 
greater tendency to bind to soil or sediment. 

5.2 Contaminant Mhation 

This section of the report evaluates potential migration pathways of chemicals in the 
environment. 

5.2.1 Potential Routes of Mipration 

Chemicals will migrate within a specific media, and will also undergo interphase 
transport between media such as evaporation of chemicals from water to air. Plants and animals 
can also take up chemicals from soils and water which can cause transport of contaminants in 
the food ch,ain. This pathway is of particular concern for chemicals that bio-accumulate as 
described in the previous section. The following sections will discuss potential migration routes 
for each media. For purposes of this section, the media, or primary migration routes, are air, 
ground water and soils, and surface water and sediments. 

5.2.1.1 & 

Airborne transport of chemicals occurs via two primary routes. These are volatilization 
and adsorption to small soil particles that become airborne as fugitive dust. Volatile chemicals 
were not de&ted at NSB-WON in high enough concentrations to have a measurable effect on 
ambient air quality. The only pathways of concern for VOCs is the possible migration to indoor 
air in buildings from contaminated subsurface soils and ground water. Transport of fugitive 
dusts is a concern in areas with contaminated surface soils that have an erodible surface. The 
rate and extent of contaminant migration of airborne materials will be primarily determined by 
modelling air transport. Subsurface migration of volatiles is governed primarily by preferential 
flow pathways such as sand lenses, or gravel bedding for subsurface utilities. Dispersion for 
VOCs and particle size for fugitive dusts are physical parameters that will affect the rate and 
extent of migration. Airborne contaminants from this site will migrate in the direction of wind 
currents. The prevailing winds are southwesterly in the summer and northwesterly in the winter. 
The average wind speed is around ten miles per hour. Transport in any direction is possible at 
certain times. The chemicals once airborne will either degrade, settle on land or the Thames 
River. As concentrations are low for VOCs and other contaminants in surface soils, effects on 
water quality in the Thames River are considered negligible. Fugitive dusts could have 
measurable nnpacts on soils within a short distance of a contaminated site and could have 
temporary adverse impacts on ambient air quality. 

In the following sections, airborne contaminant migration will be addressed by identifying 
areas with contaminated surficial soils that are erodible, and sites with VOC subsurface 
contamination that has a potential to migrate to confined spaces. 

5.2.1.2 Ground Water and Soils 

Contaminated soils can release contaminants to both air and ground water. The release 
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to air by evaporation or fugitive dust is discussed above. Water percolating through soils will 
mobilize chemicals from soils to infiltrating water by dissolution and desorption. Chemicals are 
also leached from soils below the water table by the same mechanism. Due to the shallow depth 
to ground water and relatively permeable overburden at NSB-NLON, this infiltrating water will 
migrate to and mix with the ground water. The mobility of a chemical is its rate of transport 
relative to ground water velocity. Contaminants will not migrate faster than ground water. 
Ground water at the NSB-NLON eventually migrates and discharges to the Thames River. In 
Area A, the ground water may first discharge to wetlands areas and small streams that flow to 
the Thames River. There are no wells located hydraulically downgmdient of any of the 
contamination sources. In discharge areas, ground water could be close enough to the ground 
surface whereby direct uptake by biota is possible. 

In the site specific sections, where possible, estimates are made of ground water flow rate 
and direction, and the specific discharge points of ground water. 

5.2.1.3 Surface Water and Sediments 

Contaminants enter surface water primarily by runoff and ground water infiltration. 
Runoff becomes contaminated by contact with surlkial soils and atmospheric chemicals. Runoff 
and ground water can contain dissolved chemicals and contaminated suspended particles. Once 
introduced to the stream, contaminants will migrate with the surface water or be incorporated 
into river sediments by partitioning or sedimentation. The more volatile compounds can also 
evaporate to the air. The sediment bedload will also migrate downstream, although at a much 
slower rate than surface water. Sediments accumulate at dams and other obstructions. 
Contaminants can also enter surface water via air releases, however, this is not considered a 
significant pathway at this site due to the relatively low surface soil contaminant concentrations 
and limited amount of erodible surfaces. The exchange of surface water to ground water is also 
considered negligible in that the small streams tributary to the Thames River are normally 
recharged by ground water. The Thames River during high tide does recharge small areas of 
ground water up to 200 feet inland, however, the Thames River is the ultimate discharge point 
for contaminants from NSB-NLON. Due to the large flow of the Thames River, contaminant 
concentrations are only potentially a concern in the mixing zone within the Thames River 
adjacent to NSB-NLON and adjacent sediments. The section of the Thames River near NSB- 
NLON is an estuary. Within an estuary, the changing of the river from fresh to salt water 
conditions has substantial effects on suspended and dissolved material in the river. 
Destabilization of colloids, alternation of adsorption equilibrium and precipitation of 
cationic species are among the commonly observed changes. There is a general tendency 
for trace metals, and potentially hydrophobic organic compounds, to be trapped in 
estuarine sediments as a result of these processes. Contaminants once in the surface 
water/sediment system are available for uptake by biota. The Thames River does support a 
significant sport fish population. 

The following site specific sections, to the extent possible, will estimate flow rates and 
directions, and discharge points for sediments and surface water. 
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_: 5.2.2 Site Specific Potential Routes of Mipration 

Site and chemical specific potential migration routes for each of the investigation sites 
is discussed below. 

5.2.2.1 CBU Drum Storave Area 

Based upon the chemical analyses performed, no significant release was identified at this 
site. As such, an assessment of contaminant migration potential is not necessary. 

5.2.2.2 Rubble Fill at Bunker A 

Documented releases of concern at this site consist of surface soils with moderate levels 
of PAHs, low levels of pesticides, arsenic well above background concentrations, and trace 
levels of VOCs. 

&: The soils at this site are not covered with asphalt or other impervious materials, 
and are only sparsely vegetated. Therefore, potential migration routes are transport in fugitive 
dust. VOCs are only present in trace concentrations, and are not further considered. 

Ground Water and Soils: The chemicals present in soils will migrate slowly with 
infiltrating precipitation and could enter the ground water. No ground water monitoring wells 
exist at this location to confirm ground water flow directions, however, ground water flow is 
likely to the north toward Area A. The mobility of arsenic is dependent upon its chemical form, 
e.g., metal arsenides versus arsenic sulfides. Different arsenic compounds have medium to high 
mobilities. ‘The pesticides and PCBs detected have a low mobility. 

Surface Water and Sediments: As this site is not covered, surface runoff from it could 
contain dissolved and suspended contaminants. Surface water flows to the north as overland 
flow in a small drainage swale and discharges into Area A. Contaminants detected do not 
readily dissolve except for some arsenic compounds, and will be transported primarily on 
suspended particles in runoff. 

5.2.2.3 Tomedo Shops 

Releases have been detected in subsurface soils and ground water at the Torpedo Shops. 
Low concentrations of VOCs and SVOs were detected in soils, along with antimony and silver 
concentrations above background. There was one occurrence each of PCB and DDT in 
relatively low concentrations in soils. SVOs, pesticides and PCBs were not detected in ground 
water. Several VOCs and antimony were detected in ground water. 

-- .- 

&: Hazardous substances are not known or suspected to exist in surface soils and this 
area has a vegetative or asphalt cover, therefore, transport by fugitive dusts is not considered 
a potential migration route for soils. VOCs at low to moderate concentrations were present in 
subsurface soils and ground water. There are no buildings within the current study area. 
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Ground Water and Soils: Contaminants in soil do have the potential to leach to ground 
water at this site. Ground water flow is to the south-southwest. The hydraulic conductivity 
was estimated to be 6.5 feet per day. Ground water discharges either to Area A Downstream 
and/or the Thames River. The only constituents detected in ground water were VOCs and 
antimony. The presence of antimony in ground water is consistent with its presence in soils. 
The source of the VOCs is not apparent. Mobility of the VOCs detected is high. The mobility 
of antimony is dependent upon its chemical form and could be medium to high. 

Surface Water and Sediments: Surface water flows generally to the south-southeast 
overland and is collected by storm sewers and drainage ditches which flow to the west, 
eventually discharging downstream of Area A and from there into the Thames River. Surface 
soils are not believed to be contaminated and are grass covered, therefore, this is not considered 
a potential migration route. 

5.2.2.4 Goss Cove Landfill 

Hazardous substances have been detected in site soils and ground water. Soils contain 
moderate to high levels of VOCs, SVOs which are predominantly PAHs, PCBs and pesticides. 
The following inorganics were detected above background levels in soils: arsenic, cadmium, 
chromium, lead, and mercury. 

Ground water contained moderate levels of VOCs, low levels of SVOs, sodium above 
the CTDOHS notification level, and iron and manganese above secondary MCLs. 

A&Y The entire area has a vegetative or asphalt cover, therefore, air transport of fugitive 
dust is not considered a potential pathway for contaminant migration. VOCs and low molecular 
weight SVOs are present in significant concentration and could potentially migrate to subsurface 
confined spaces such as the Nautilus Museum and proposed trenches for installation of new 
storm sewers. Although elevated VOCs have not been detected in soil gas near the museum to 
date, this requires further evaluation. 

Ground Water and Soils: Contaminants are located above and below the ground water 
table. As a result, contaminants will leach from soils by flowing ground water and, to a limited 
degree, infiltmting precipitation. Ground water flow is to the northwest at this site with 
discharge to the adjacent Thames River. 

Ground water at Goss Cove flows to the northwest at an estimated velocity of 1.7 feet 
per day. The pesticides and PCBs are not partitioning from soils to ground water at detectable 
concentrations due to their low solubility and partition coefficients. VOCs which have higher 
solubilities and, thus high mobility, are detected in ground water. SVOs which have moderate 
to high soil concentrations were only detected at low levels in ground water, and have moderate 
to low migration rates. The metals present above background concentrations in soils were not 
detected in ground water above MCLs. This suggests that the metal compounds present are 
tightly adsorbed to soils and have a low migration potential. The metals with elevated levels in 
ground water are barium, iron and manganese. The iron and manganese appear to be leached 
from soils due to reduced conditions in the fii. There is no apparent reasons for the presence 
of barium. Sodium was also present at elevated levels, however, it is present due to salt water 
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intrusion in this area. 

Surface Water and Sediments: Surface water at this site primarily migrates as sheet 
flow to the west where it is collected by storm sewers and discharged to the Thames River. 
Most of the site is paved or covered with vegetated loam, which is believed to be clean. As 
such, migration of contaminants by surface water is not considered a potential route for chemical 
transport. Some ground water infiltration to the storm water culvert is possible. 

5.2.2.5 OBDANE 

Based upon investigations performed, there have been no release of hazardous substances 
at this site. As such, an assessment of potential contaminant migration pathways is not 
necessary. 

5.2.2.6 Spent Acid Storage and Dimosal Area 

Subsurface soils contain elevated levels of lead. Low levels of VOCs and PAHs were 
detected, however, not in concentrations of concern. 

--^- i 

A&: The site is covered with pavement, therefore, transport of lead in fugitive dust will 
only be a migration route when this surface layer is disturbed during construction activities. 
Lead will not volatilize in air, therefore, volatilization is not a potential migration route. 

Ground Water and Soils: Lead is present in soils and does have the potential to be 
leached to ground water. The pavement in place will minimize but not eliminate infiltration, 
and some lead is likely present below the ground water table. Most lead compounds migrate 
slowly, adhere tightly to soils, and will not partition to ground water in significant concentration. 

No ground water monitoring wells have been installed in this area. The ground water 
flow direction is inferred to be generally to the west/southwest. 

Surface Water and Sediments: Surface water flow is generally to the west-southwest 
where it is collected by the storm sewer system and eventually discharges to the Thames River 
at Goss Cove. As this site is covered with pavement, transport by surface water is not a 
significant contaminant migration route. Depending on the depth of the storm sewer system, 
some ground water infiitration to the storm sewer is possible. It would be expected that lead 
will not readily dissolve in surface water and would be transported primarily on suspended soil 
particles it a.dsorbs to. 

5.2.2.7 Former Gasoline Station 

Based upon sampling results, there were no documented releases of hazardous substances 
at the Former Gasoline Station. As such, potential contaminant migration pathways have not 
been defmed. 
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5.2.2.8 Area AIOBDA 
ii”“- 

There are a number of documented releases in Area A soils and sediments. These 
include low levels of VOCs and SVOs in the landfill, wetland and Downstream/OBDA areas. 
Some areas of the wetland contained moderate levels of VOCs and some of the sediments near 
OBDA contained moderate levels of SVOs and VOCs. PCBs were detected at moderate levels 
in one surface soil sample at the landfill, and at low levels in the wetlands. DDTR was detected 
at low levels in the landfill and wetlands and in high concentrations in the Downstream/OBDA 
area sediments. Several inorganics were detected above background concentrations. The 
specific metals are listed below by site. 

Area A Landfill: beryllium, cadmium, lead, mercury, copper, nickel, boron 
Area A Wetland: lead, mercury, cadmium, silver 
Area A Downstream/OBDA: beryllium, cadmium, lead, selenium, zinc, boron 

The only inorganic detected which is not found naturally occurring in soils is cyanide. Low 
levels of cyanide were detected in a drainage channel at the Weapons Center. 

Area A ground water was found to contain low levels of VOCs, one occurrence of PCB 
in the landffi, and cadmium above MCLs. The following other inorganics were measured above 
ARAB or TBC values: iron, manganese, sodium and aluminum. 

Surface water in the Area A Wetlands and Downstream contained low levels of aromatic 
VOCs in one stream segment, one occurrence of DDTR, and the following metals above ARAR 
or ‘IBC values: cadmium, lead, copper, iron and manganese. 

A&: Several portions of this area are uncovered and contain contaminants in surficial 
soils such as PCBs and DDTR that tightly adsorb to soil particles. Fugitive dust containing 
adsorbed contaminants, therefore, will be generated in this area and transported offsite. VOCs 
are present in low concentrations and will not have a measurable impact on ambient air quality, 
however, there is potentially significant exposures in subsurface confined spaces (e.g., utilities). 

Ground Water and Soils: Contaminants are present above and below the water table, 
therefore, contaminants will be leached from soils by both infiltrating precipitation and flowing 
ground water. In the overburden, the highest ground water elevation is in the middle of the 
Area A Landfii. It appears that ground water in the central/eastern portion of Area A flows 
north toward the Area A wetland, and ground water in the northwestern portion of the Area A 
Landfill flows northwest toward the Area A Downstream and eventually to the Thames River. 
The velocity of ground water flow through soils in the landfii and wetland portions of Area A 
was estimated to be 0.04 feet per day. The ground water flow velocity through the soils in Area 
A Downstream was calculated to be 0.13 feet per day. Ground water discharges to the 
wetlands, Area A Downstream surface waters and the Thames River. 

Ground water flow in the bedrock is generally to the west. Transmissivity values in the 
bedrock range from 4.7 to 250 ft*/day, indicating a high variability of transmissive properties 
within the fractured bedrock. 
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VOCs which were detected in soils and sediments in low to moderate concentrations are 
highly mobile and were detected in low concentrations in ground water. The SVOs, PCBs and 
pesticides detected in site soils have low mobilities. There was only one occurrence of PCB in 
ground water. If this result is correct, the presence of PCBs in ground water suggests a 
concentrated source of PCBs in soil near the location where it was observed (2LMW18S). 
Metals are generally immobile and partition strongly to soils except for some metal compounds. 
Of the seven different metals detected above background in soils, only cadmium was detected 
in ground water above MCLs. Cadmium is substantially more soluble in natural waters than 
many metals, therefore, its existence in ground water is not surprising. All other metals are 
apparently .in forms that are relatively immobile. Other inorganics were detected in ground 
waters above ARAB or TBC values. These inorganics were not present above background in 
soils, however, their natural concentrations found in soils are high. These include: iron, 
manganese and sodium. These inorganics are more soluble in reduced environments. 
Therefore, it appears that the landfill and wetland have altered the natural environment to cause 
the leaching of these materials from soils into ground water at elevated levels. 

Surface Water and Sediments: There are erodible surfaces that may contain adsorbed 
contaminants in Area A. Surface soils also contain chemicals that could dissolve in runoff. As 
a result, surface water may contain both dissolved and suspended contaminants. 

--- m 

Surface water from this site originates from runoff within the northern Subase watershed 
area (refer to Figure 3-5), and ground water discharge in Area A Wetlands and Downstream 
surface waters. The primary discharge point from the Area A Wetland is through four 24-inch 
metal culverts through the dike. This discharge forms a small stream which flows west for 
approximately 200 feet and into a small pond. Wetlands sediments accumulate upstream of the 
dike. Under normal flow conditions, this pond discharges to a small stream which flows north 
and then west toward Triton Avenue (past OBDANE site). The stream continues flowing west 
under Triton Avenue and Shark Boulevard and eventually discharges to the Thames River at the 
DRMO outfall. This pond also has a discharge structure on the south side. During periods of 
high flow and high water at the pond, water also flows out through this structure to a stream 
which flows south from the Over Bank Disposal Area site. A second pond to the south of the 
pond referenced above is formed by ground water inflow, and flows to the west around North 
Lake. 

,-. 

Ground water also discharges from Area A to a small wetland at the base of the dike and 
the Over Bank Disposal Area site. A stream flows from this wetland west toward North Lake, 
a recreational swimming area for Navy personnel. Under normal flow conditions the stream 
enters a culvert which bypasses the pond and discharges to a stream below the outfall of the 
pond. This stream flows west under Shark Boulevard and through the golf course to the Thames 
River. There is a manhole adjacent to North Lake that connects to another pipe which was 
designed to discharge overflow water from North Lake. The invert elevation of this pipe is 
several inches higher than the main culvert, so that under normal flow conditions no water flows 
to the pond. Under substantial runoff conditions, however, it is possible that some water 
discharges to the pond from this stream. At the time of Atlantic’s site inspection, the pond had 
been drained, yet some water remained in the pond, indicating that it receives ground water 
recharge. 
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A substantial amount of surface water flow at this site is due to ground water discharge. 
As a result, the above discussion of inorganics in ground water also applies to inorganics in 
surface water. In addition, surface waters also contained lead and copper in concentrations 
above ARAB or TBC values. The surface water ARAR standards for these metals are more 
stringent than the MCLs for potable water. Lead and copper were present in ground water. 
When ground water in a reduced condition discharges to surface water, it is oxidized. This 
change in chemical environment can cause metal compounds to oxidize to a less soluble form. 
Iron is less soluble in the oxidized state. This phenomena explains the orange precipitates 
forming at the base of OBDA. 

The majority of VOCs discharged to surface water will volatilize to air and a smaller 
percentage will adsorb to sediments. VOCs were only detected at low concentrations in one 
small segment of one of the small streams downstream of Area A. 

DDTR was measured in high concentration in sediments and only once in measurable 
concentrations in surface water. This is as expected based upon DDTR’s chemical properties. 
DDTR is highly persistent and strongly adsorbs to soils and organic matter. Sorption appears 
to be the dominant environmental process affecting the fate of DDTR. Water solubilities 
indicate that transport in ground water or surface water of dissolved DDTR is not likely. 
Transport of DDTR on particles that it is strongly adsorbed to is a significant migration route 
for contaminated sediments in Area A Downstream. The sediment sample results indicate that 
DDTR contaminated sediments have migrated to the Thames River. Some volatilization of 
DDTR could take place in surface soils exposed to the atmosphere. DDTR are also taken up 
by biota and bioaccumulated. 

The behavior of cyanide in the environment is strongly dependent upon its chemical form 
(Section 5.1.4.2). Under CLP, cyanide values given are for total cyanide only. There is not 
enough data regarding the occurrence or form of cyanide to define the most significant migration 
pathways. 

5.2.2.9 DRMO 

Documented releases to soils at this site consist of: low concentrations of VOCs with 
one isolated hot spot; moderate levels of SVOs comprised predominantly of PAHs; PCBs in low 
to moderate concentrations; moderate to high concentrations of DDTR at one sample point; and 
metals concentrations above background. The most significant metals (relative to health or 
ecological risk) detected above background levels include cadmium, lead, and mercury. In 
ground water, VOCs were present in low levels, and the following metals were present above 
TBC or ARAB values: boron, sodium, iron, manganese and selenium. 

Air: The northern portion of this site is not paved or vegetated, therefore, fugitive dusts 
are easily generated and constitute a potential migration route. 

VOCs in subsurface soil and ground water were present at low to moderate levels. There 
are no subsurface confined spaces or trenches in existence or proposed in this area, therefore, 
migration to such spaces is not a potential pathway. VOC levels near the office building were 
low and, therefore, not considered to be an indoor air quality concern. Concentrations of 
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volatile compounds are far too low to be of concern in ambient air. 

Ground Water and Scjls: Contaminants are present in subsurface soils above and below 
the water table and can migrate with infiltrating precipitation and ground water. Ground water 
in this area flows to the west and discharges to the Thames River at an estimated velocity of 0.7 
feet per day. 

VOCs are highly mobile and their concentrations are consistent with those in soils. 
SVOs, comprised predominantly of PAHs, pesticides and PCBs, all appear to be tightly bound 
to soils and are not partitioning to ground water in detectable concentrations. All of these 
compounds have low mobilities. The inorganics detected in ground water above TBC or ARAR 
values are either constituents of salt water (boron, sodium) or appear to be leached from the soils 
due to reduced conditions in the fill (iron, manganese). The only exception is selenium. The 
reasons for its elevated concentration are not apparent. 

Surface Water and Sediments: Surface water at DRMO flows as sheet flow to the west 
and discharges to the Thames River. The soil surface here is erodible and the compounds 
present strongly partition to soil particles and have low solubilities. Therefore, the primary 
migration route by surface water is transport of contaminated suspended particles in runoff. 
PCBs were detected in Thames River sediment adjacent to the DRMO site. 

5.2,,2.10 Lower Base 

Documented releases to soils include moderate to high concentrations of petroleum 
hydrocarbons, moderate levels of lead, and low concentrations of aromatic and halogenated 
VOCs. Ground waters contained low levels of VOCs and traces of petroleum hydrocarbons, and 
metals above ARAR or TBC values. 

Air: This area is completely covered with vegetation, asphalt, concrete or buildings. 
Therefore, fugitive dusts are not considered a potential migration pathway under present 
conditions. VOCs are only present in trace to low concentrations in subsurface soils and ground 
water, however there are extensive subsurface confiied spaces in this area such as utility 
trenches that offer a potential contaminant migration pathway. 

Ground Water and Soils: Contaminants in this area are present in soils above and 
below the ground water surface. Therefore, contaminants can migrate in ground water from 
infiltrating precipitation and by leaching directly by ground water. Ground water in this area 
flows to the west at an estimated velocity of 1.3 feet per day, except for those areas near the 
Thames River that ebb and flood with the tides. This area extends less than 200 feet inland. 
In addition, the Lower Subase contains extensive underground utilities and structures which 
could offer preferential flow paths for contaminants. Regardless of tides and utilities the 
ultimate disposition and discharge point of ground waters at the Lower Subase is the Thames 
River. Oils contain a complex mixture of hydrocarbons which include aromatic hydrocarbons 
and PAHs. The aromatic hydrocarbons have a medium to high mobility rate whereas the PAHs 
have a lower mobility. Weathered oils typically contain lower VOCs and higher PAHs than new 
oils. Lead lcompounds normally partition to soils and are not found in high concentrations in 
ground water and, therefore, have a low mobility. This appears to be the case at the Lower 
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Subase. Chlorinated VOCs also detected at the Lower Subase are highly mobile. .- ---T 

Surface Water and Sediments: Surface waters here are all collected by an extensive 
storm sewer system and discharge to the Thames River. This site is completely covered by 
buildings and pavement, therefore, runoff is not believed to contact contaminants in soils. 
However, ground water infiltration to the storm sewer system is possible. 
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6.0 HUMAN HEALTH RISK ASSESSMENT 

This section of the report provides an assessment of the human health risks associated 
with conditions at selected sites within NSB-NLON. A risk assessment provides estimates of 
potential risks in probabilistic terms. These estimates were developed for various exposure 
groups that might encounter contaminants either directly or indirectly at the sites. As such, the 
assessment is not an epidemiological study of specific individuals or specific reported health 
effects. The risk assessment presented in this section should be viewed as a tool to assist in 
identifying conditions that may require remediation by providing an indication of the relative 
magnitudes of potential health risks at the various sites. 

The risk assessment was conducted in accordance with the most recent U.S. 
Environmental Protection Agency guidance (USEPA, 1990). To ensure that the methodology 
was consistent with regional guidance (USEPA Region I), the general approach was discussed 
with appropriate risk assessment personnel within the agency prior to carrying out the 
quantitative aspects of the analyses. 

The risk assessment includes a qualitative component and a quantitative component. 
These were utilized for Step I and Step II sites, respectively. Limited sampling has been 
performed at Step I sites and the qualitative risk assessment is intended to provide an initial 
indication concerning the need for additional investigation or no action. Factors considered in 
the qualitative assessment included: site history, site use and potential exposure groups, and 
contaminant concentrations. Quantitative risk assessments were performed for the Step II sites. 

The Step I Sites that were evaluated qualitatively include: 

l Construction Battalion Unit (CBU) Drum Storage Area; 
l Rubble Fill at Bunker A-86; 
l Torpedo Shops; 
l Goss Cove Landfii; 

l Over Bank Disposal Area Northeast (OBDANE); 
l Spent Acid Storage and Disposal Area; and 
l Former Gasoline Station. 

The Step II Sites that were evaluated within the quantitative risk assessment include: 

l AreaA; 
l Over Bank Disposal Area; 
l Defense Reutilization and Marketing Office (DRMO); and 
l Lower Subase; 

Risk assessment is an explicit process that takes into account the nature of the hazard 
posed by onsite contaminants, the potential effects associated with particular exposure levels, the 
magnitude and duration of exposure, and an integrated assessment of exposure information with 
health effects information. This section is organized into the following subsections: 

6.1 Hazard Identification 
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6.2 Exposure Assessment 
6.3 Toxicity Assessment 
6.4 Risk Characterization 
6.5 Recommendations 

6.1 Hazard Identification 

The objective of the Hazard Identification phase of the assessment is to provide an initial 
evaluation of data, to provide a preliminary assessment of potential hazards, and to select 
compounds of interest for the qualitative and quantitative risk assessment. 

6.1.1 Evaluation of Data for Risk Assessment 

This assessment relied upon the QA/QC review of data presented in Appendix C of this 
report. The following items were addressed as part of the evaluation: 

l analytical methods; 
l quantification limits; and 
l qualified and coded data. 

Data were judged to be adequate for risk assessment purposes and met the standards set 
by the EPA. Details are provided in Appendix C. 

Treatment of Non-Detects 

Chemical analytical methods have associated detection limits below which the presence 
of a contaminant can not be detected. These data are reported as non-detects. Data reported 
in this fashion need to be considered with regard to the potential that the contaminant might be 
present at some level below the detection limit. A procedure was developed for handling such 
data in the present program. 

Compounds that were not detected in any of the media sampled throughout the base were 
judged to be insignificant as site compounds of interest and, thus, were excluded from further 
analyses. In developing exposure point concentrations @PCs) associated with a particular site, 
the compound needed to have been detected in at least one sample in order to be included in risk 
calculations. In such cases, the following methods were used to treat values reported as non- 
detects. 

& emicais iu Water 

The frost step in dealing with non-detects was to consider the CLP Contract Re@rd 

Quantitation Limits (CRQLS). Non-detect values for water samples were assigned values that 
were one-half of the laboratory CRQLs presented in Section 2.0 of this report. A value of 300 
ug/l was used for boron based on a review of the analytical data presented and recognition of 
the EPA drinking water health advisory for boron (600 ug/l). This is consistent with EPA 
Superfund guidance which states that when the sample quantitation limit is not known, a 
health-based reference concentration may be applied. 

-- 
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Treatment of Non-Detects for OrPanic Chemicals in Soil 

To estimate sample quantitation limits for organic chemicals in soil and sediment 
samples, it was first necessary to transform the CRQL reported by the laboratory on a wet 
weight basis to a dry weight basis. This was accomplished by using available site and sample 
data on percent moisture content. One-half the detection limit was used for values reported as 
non-detect. 

Treatment of Non-Detects for Inorganic Chemicals in Soil 

Contract Required Detection Limits (CRQLs) were not available for the following 
inorganic compounds: antimony, arsenic, beryllium, boron, cadmium, mercury, and selenium. 
For these compounds, the data were reviewed and an average detection limit was estimated. 
One-half of this limit was used to assign values for data reported as “non-detect”. For the 
remaining inorganic compounds, one-half the EPA CLP quantification limits were used to assign 
values for data reported as “non-detect”. 

6.1.2 ActivitieslO~erations Near Sites 

The following section provides an overview of activities in the vicinity of sites. The 
Groton Subase includes housing for Navy personnel and their families, submarine training 
facilities, military offices, medical facilities, and facilities designed for the maintenance, repair, 
and overhaul of submarines. Onsite residences for junior officers and their families are located 
off Shark Boulevard. Bachelor quarters are on Thresher Avenue. Locations of the residential 
areas with respect to the sites investigated are provided in Figure 6- 1. 

Land use adjacent to the site is generally residential or commercial. Offsite residential 
developments are located along Military Highway, Sleepy Hollow, Long Cove Road and 
Pinelock Drive. These areas border the site to the north and extend north into the Gales Ferry 
section of Ledyard. Property along Route 12 to the east of the site consists of widely-spaced 
private homes and open, wooded land. Farther south on Route 12, development is mixed 
commercial and residential and includes a church, automobile sales and repair facilities, 
convenience stores, restaurants, and a gas station. Private residences are,located along the south 
side of Crystal Lake Road; farther south is housing for Navy personnel. 

Information on onsite activities was obtained primarily from discussions with civilian and 
naval personnel familiar with the various facilities at the Subase. This was supplemented with 
information available in the IAS report and the site inspection. Information on future land use 
and construction was provided by Mr. Joseph Simmons, Shore Facilities Planner. Results of 
the discussions with onsite personnel are provided in Appendix E. 

Major activities at Step I and Step II sites are provided in Table 6-l. Groups of 
individuals who might encounter contaminants at one or more sites include: 

l public works personnel who access buried utility lines or excavate soil; 

l on-base residential children; 

PHASE I RI NSB-NLON 6-3 AUGUST 1992 



ISTALLATION RESTORATION STUDY FIGURE S-1 

VAL SUBMARINE BASE - NEW LONDON m--e - Outline of Sitw AREA LAND USE 

AND ON-BASE RESlDENTlAL 
GROTON, CT 
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TABLE 6-l 
ACTIVITIES AT SITES 

CBU Drum Storage Area 

‘. Personnel 
working in 
I#lildiligs 

PotentiaI Periodic Periodic Visits Recreational Scheduled 
Utility Lii Outside by Offsite Events for On- Future 

Work Physical Labor Visitors base Families Construction 

Step 1 Sites 

X I I I 

Rubble Fill at Bunker A-86 

Torpedo Shops 

Goss Cove (includes Nautilus 
Museum) 

OBDANE 

Spent Acid Storage and 
Disposal Area 

Former Gasoline Station 

Area A (includes landfill, 
wetland, streams, North Lake) 

Over Bank Disposal Area 

DRMO Area 

Lower Subase (includes Piers) 

X 

X 

X 

X 

X 

X 

X X X 

X X X X X 

X X X 

X X X X 

step II sites 

X X X X (explore) 

X (explore) 

X X X (auctions) X (auctions) X 

X X X 



l local residents who occasionally visit the submarine base; 

l independent contractors who are involved in construction on the submarine 
base; and 

l Navy employees who work in the buildings onsite. 

6.1.3 Selection of ComDounds-of-Interest 

This section develops the list of chemical compounds known as the compounds of interest 
that were quantitatively evaluated with respect to their health and environmental effects for Step 
II sites and qualitatively addressed for Step I sites. The selection procedure for the compounds 
of interest identified those that were judged to be most important site-related contaminants with 
regard to potential human health or environmental risks. The selection was based on the 
following factors: 

l the compound must have been detected at least once in any medium 
somewhere within the selected sites on the submarine base; 

l a compound must have been detected at least once in the selected medium to 
be considered as a compound of interest for a particular site; 

l the toxicity of the compound (all carcinogens were included except for 
inorganics present at natural elemental abundance); 

l the frequency of occurrence and spatial extent of contamination; and 

l the presence of an inorganic compound within its natural range of elemental 
abundance. 

Based on the factors considered above, a list of compounds of interest was developed for 
the site as a whole (Table 6-2). A number of compounds that were detected at the site were not 
included in the quantitative assessment for one or more reasons. Arsenic was detected at 
elevated levels at a few locations but throughout most of the site this metal was present within 
natural background levels. Thus, it was considered qualitatively in this report but is not included 
in the quantitative assessment. Three organic compounds detected in soil and excluded from the 
risk analysis were chloroform, diethylphthalate, and isophorone. Chloroform was excluded 
because it was not associated with site activities, is a common laboratory contaminant, and was 
observed only once in subsurface soil within the DRMO site. Diethylphthalate was found only 
in deep soil at very low concentrations in a single sample from the Torpedo shop site. 
Isophorone is not considered a carcinogen and is only minimally toxic. It was detected in a 
single soil sample at the Goss Cove site. 

6.1.4 Pr_esentation 

The average and maximum concentrations of compounds of interest were determined for 
each of the Step II sites for each medium. These were used to develop Exposure Point 
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TABLE 6-2 
COMPOUNDS OF INTEREST FOR NSB-NLON 

Beaime 

Ethybmzeae 
TOlUene 

Xylale (total) . . . . . . . . . . . ., . . . . . . .._ -;:‘#:’ : ::..:::.:..y:: >: I :,,:y. ,., ,,,;‘.‘.: .: : .: : ....... .,: ,.:. -.:- ..y+y?i.q$y.- ~~t~~~~,~,~~~~~~~~~~~~~~~ )..).,.. . . . :..:: 
:.:,:,: ,(.,...,.,.,._, ,., ,, ., . . . . . . :.:.:...:.:.:.:.;...:.: . . ,._. ,,. ,,... . ,.., ::.:::: . . . . ,..., -... ._.:.. _... :;.:.i: :................-..:-~.. ..I. 

ChlOrOUbChllC 

l,l-Dichlorocthe 

1,2-Dicbl01ucthe 
1 , 1-Dichlorocthaw 

Cir-1,2-Dichloroctheae 
Tmas-1,2-Dichloroethene 

Methylem Chloride 

TCbChlOtoethrure 

TCbChlOCOC4hCW 

Trichlomcthme 
l,l,l-Trichlorocbme 

l,l,2-T1icl1lorocth- 

ACdOIX 
2-Buw 

4-Methyl-2-Paltaooae 
f%dxm Disulfide 

AcuMphthme 
Acumphthylene 

ArId 
Fluoraatha.~e 

Fluocale 
2-h4c&ylmphthalule 

NlphthdUW 
walsntbfale 
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TABLE 6-2 (con&d) 
COMPOUNDS OF INTEREST FOR NSB-NLON 

.,: .: :I 1’I’:“y;;;; .3,:‘,.::‘~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ .;;;:.> ;,. : 
:.: ,.... ._....: .,...,... ;. ..;... .,. . . . . . ..,.........,,_..._. ._. 

bis(2-Etbylbexyi)Wthalate 

Di-n-Butylphthahte 

2,4-Dimcthylphami 

4,6-Dinitro-2-mehylpbcaohenol 
2-Melhylpbeaol 
4-Mcthylphaml 

Phed 
BUIZ& Acid 

4-ChlOlOdine 

Dibeazofuraa 
2-Nitroanihc 

4,4’ DDE 
4.4’ DDD 
4,4’-DDT 
Beta-BHC 

EndIin 
Endrin Kehxe 
Methoxychlor 

I AllJtiUZD 

hthnolly 
Arsenic 

Beryllium 

Boron 
Cadmium 

copper 

MPngMese 
Mercury 
Nickel 

sehhm 
ZhC 
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-- Concentrations for use in the Exposure Assessment. As described earlier, non-detect values for 
compounds observed at least once within a particular site, were assigned values of one-half the 
CRQL or other “default” values to account for the possibility that the compound might have 
been present at levels below the detection limit. This was done in accordance with EPA 
guidance. 

6.2 Exr,) 0 lth 

The exposure assessment provides site specific information related to pathways by which 
humans are potentially exposed to compounds of interest at the sites as well as the magnitude, 
frequency, and duration of potential exposures. A qualitative assessment of exposures was made 
of Step I sites based on information on activities and the presence and extent of contamination. 
Quantitative estimates of exposure were developed for Step II sites. Nominal estimates of 
exposure (based on average concentrations) and upper bound estimates (based on maximum 
concentrations) were used to represent the range of exposures that may be associated with 
conditions at a site. 

The following elements are incorporated into the exposure assessment: 

l nature and extent of contamination and potential migration pathways; 

l identification of potent.ialIy exposed populations and environmental receptors; 

l delineation of potential receptor-specific exposure pathways corresponding to 
an activity; 

l development of exposure intake assumptions associated with each exposure 
pathway; 

l estimation of the range of exposure point concentrations; the arithmetic 
average exposure point concentration represents the nominal case while the 
maximum exposure point concentration predicts the worst case; 

l estimation of pathway and receptor-specific intakes and doses of 
compounds-of-interest. 

6.2.1 Characterization of Exwrmre Settings 

This section describes the site-specific features of each site that may result in human 
contact with compounds of interest in one or more environmental media. This discussion is 
provided first for Step I sites and second for the Step II sites. Details are provided in 
Appendix B. The physical setting of each site including figures is provided in Section 1.0. 
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6.2.1.1 SteD I Sites 

Construction Battalion Unit (CBU) Drum Storage Area 

Access to this site is limited as the site has security surveillance. The site is located 
adjacent to Area A Landffl. Under current conditions, site activity is related to storage of 
contractor trailers and occasional visits by site contractors. 

Rubble Fiii at Bunker A-86 

This Step I site is only used for storage of materials, and future construction is not 
scheduled. The Rubble Fill area is located adjacent to Bunker A-86 with limited access. 

Toruedo Shorn 

This site is highly secured and is fenced. Current activities involve routine maintenance 
of utility lines, torpedo overhaul, and administrative operations for the undersea weapons and 
quality assurance departments. Future construction plans include an addition onto building 325 
and construction of an auto reclaim facility. The areas actually investigated were former septic 
systems which are located west/southwest of the buildings. 

Goss Cove Lancifll 

The area is primarily a paved parking lot and an associated building housing the museum. 
The site is open to the public. A utility tunnel exists from the building to the pier. Standing 
water has been observed inside the tunnel, but its origin has not been confirmed. Navy 
personnel believe the water is from the Thames river, which is adjacent to the site. Various 
underground utilities are located at the site. (For a list of future activities planned in this area, 
refer to Appendix E.) 

Over Bank Diswsal Area Northeast (OBDANIQ 

Presently, no activity exists within this site. It is located within a wooded area near the 
Weapons Center and within Area A. 

SDent Acid StoraPe and Dkuosai Area 

This is a relatively small site and is paved. Two active buildings (410 & 409) are located 
nearby which are used primarily for storage. Water mains and sanitary and storm sewers are 
present on the site. 

Former Gasoline Station 

The former gasoline station site is Iocated in front of the Dealey Center. The area is 
paved and is below a roadway. The Dealey Center serves many functions for D.0.D employees 
and visitors. Current uses of the Dealey Center are described in Appendix E. Building 96 
functions as a counselling and assistance center, but it is scheduled for demolition. 
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6.2.1.2 &pIJ&@ 

More detail is provided for Step II sites than for Step I sites to provide the basis for 
quantitative risk assessment. Additional detail is provided in Appendix E. 

This site consists of three areas: 1) Area A Landfill, 2) Area A Wetland, and 3) Area 
A Downstream Watercourses. 

Area A Landfill: Naval authorities refer to this site as Alpha Area Storage and deployed 
parking. It is approximately 7 acres in size. Access is via a dirt road off Wahoo Avenue. 
Details on the operations of Alpha Area Storage are found in Appendix E. Military serviceman 
store their cars in deployed parking when on sea duty. Public auctions are held to remove 
abandoned cars in the deployed parking area. 

The North Lake recreational area and on-base residential housing are located west of the 
Area A landfill. The Area A landfill site is not fenced. A standing watch exists when Alpha 
Area storage is closed, but access is possible from the road and the wooded hillside to the west. 
Children of junior officers living on the Subase may explore the wooded areas (Area A 
Downstream) adjacent to the landfill or might investigate the landfill itself. Various materials 
are stored on wooden palettes. A further description of this site and the nature and extent 
contamination is provided in Section 4.0. 

Storm sewers which direct runoff to the area are located to the east near the vicinity of 
tennis courts and building 460. They also run through the deployed parking area and at the 
entrance to Alpha area storage off Wahoo Avenue. The storm sewers for this site represent less 
than 1% of the existing utility lines on the base. 

Recreational activities occur in close proximity to Area A landfill, include military 
servicemen jogging along Wahoo Ave, and playing tennis in nearby tennis courts. 

Approximately 22,300 square meters of this site are unpaved. The unpaved portion of 
the landfill represents approximately 97 percent of the site. A small portion of the site is 
covered by a concrete pad in the southwest portion of the landfill for aboveground storage of 
several transformers, removed underground storage tanks, and crane weights. A portion of the 
site is used for sandbag storage and a portion for automobile parking. Current onsite activities 
entail daily moving of storage items onto the wooded pallets, sandbagging in the summer and 
repairing storm sewers. Because of the existing uncovered dirt piles and current onsite activities 
in the unpaved areas, fugitive dust generation is likely, Receptors that could be exposed to 
fugitive dust include base personnel who are working on the site, base personnel who are 
jogging 01: playing tennis on base, and on-base and off-base residents. The nearest 
GrotonLedyard resident who lives along Route 12 is only 425 meters from the site. Residential 
housing for junior officers and their families is approximately 490 meters from the landfill. 

No construction is planned for the area. 

PHASE I RI NSB-NLON 6-11 AUGUST 1992 



Area A Wetland: The wetland spans 30 acres. To the east, a security fence separates 
Route 12 from the perimeter security road which abuts the wetland. Therefore, access is 
restricted from Route 12 into the Area A wetland. At the southern edge, the wetland borders 
the Area A landfii. The wetland extends in a northwesterly direction to the Weapons Storage 
Area. The Weapons Area’s security fence forms a boundary line. In the far southeastern 
comer, tennis courts and a racquetball facility are directly adjacent to the wetland. Access to 
Area A wetland is possible from the unpaved extension of Thresher Ave which is the entrance 
to the deployed parking area, tennis courts and the Area A landfii. 

There are no buried or aboveground utility lines in the wetland. There is no routine 
human activity in Area A wetland itself. The activities which occur in the vicinity of Area A 
wetland are the daily activities conducted in Area A landfill; usage of tennis or racquetball 
courts; routine operations of Weapons Storage Area and visits to the Hobby shop. 
Grotonkdyard residents on Route 12 live directly adjacent to the Area A wetland. None of 
the potentially exposed populations associated with the above mentioned activities have direct 
contact with the wetland. Fugitive dust is not an issue for this site because the soils are wet. 

On-base children who might explore the Area A Downstream from North Lake could 
enter the wetland through the far west comer between the Weapons Storage area and the Area 
A landfill. Their exploration would probably be limited to this comer of the wetland because 
of the thickness of the brush and potential observation by Weapons Center security watch. 

Future development may include the reconstruction of a portion of the Weapons Center, 
but is not likely to encroach on the wetland proper. G 

iw 
r: The Area A Downstream Watercourses Area A Dow 

drain the Area A Landfii and Wetland. The Area A downstream watercourses include several 
small streams, two small ponds, and North Lake, which is a man-made swimming pond. The 
site is not fenced, but access is limited to only Navy Officers and their families. North Lake 
is filled with municipal water and drained in the Fall. During the months of recreational 
operation, North Lake is chlorinated. A stream flows from the OBDA wetland west toward 
North Lake. Under normal flow conditions, the stream enters a culvert which bypasses North 
Lake and discharges to a stream below the outfall of North Lake. Under heavier runoff 
conditions, it is possible that some water from the stream discharges to North Lake. At the time 
of the site inspection, North Lake had been drained; yet some water remained in the pond, 
indicating that it does receive some ground water discharge. Ground water sampling locations, 
2Dh4Wl5 and 2DMW26 which includes overburden and bedrock wells are in vicinity of North 
Lake. Ground water measurements from these wells indicate that shallow ground water likely 
discharges to North Lake. Snow melt and stormwater runoff collects in North Lake basin over 
the winter months. 

From the second week of June to Labor day, the North Lake recreational area functions 
as a playground, beach, and picnic area for the Naval families. The woods and streams 
surrounding North Lake offer interesting places for children to explore. The wooded area is 
dense and prevents observation from the Wahoo Ave and North Lake. During the fall and 
winter, access to this site does not appear restricted except near the perimeter of the Weapons 
Storage area. 4 
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Further development is not planned for this area and is unlikely because most of the 
downstream watercourse area is within designated Explosive Safety Quantity Distance (ESQD) 
arcs of the Weapons Storage Area. 

Discussions of OBDA are grouped with those of Area A. Because of its close proximity 
to Area A wetland and Downstream area, it is a potential place of exploration for on-base 
children. Exposures within OBDA, are incorporated in exposure scenarios pertaining to Area 
A Downstream. Military activity is absent. 

Defense Reutilization and Marketins- Office (DRMO) 

Access to this site is restricted. A fence prevents on-base access from Amberjack Road 
to the south. North of this site, another fence deters trespassers from coming onto the 
submarine base. In the easterly direction, the site is bounded by an active railroad line and to 
the west by the Thames River. The DRMO functions as a collection facility. Salvageable items 
ate sold at auctions and sales that are held periodically throughout the year. The northern 
portion of the site is unpaved and consists of gravel surface. The unpaved portion is occupied 
by a large scrap yard and Building 491 that is used for storage. During the Fall, Winter and 
Spring, base personnel daily sort the metal scraps within the scrap yard. The scrap metal is then 
sold at the DRMO auctions. Buildings 397, 353, 479 and 355 are on the paved area. Buildings 
479 and 355 are used for storage. 

Building 397 serves as the DRMO Office. Within this site, Building 397 is the only 
structure which is occupied by a full-time administrative staff. State and federal agencies visit 
the office on a daily basis. Weekly deliveries of purchased materials are made to the office. 
The DRMO building is a quonset hut on a concrete slab with a metal roof. The other buildings 
are constructed on concrete slabs. 

All auctions and sales are open to the public. Monthly auctions are held inside Building 
397. Three days prior to the auction, auctioned items are available for viewing inside Buildings 
355 and 479 or on pavement outside the buildings. Weekly sales are conducted inside the DRMO 
complex. 

Utility lines are present near active buildings and represent approximately five percent 
of the utility lines on the base. Routine repair and maintenance of these utility lines has been 
documented. Construction of a temporary hazardous waste storage facility is planned for the 
northern portion of the site. 

Because of the unpaved gravel surface in the DRMO site, there is the potential for 
fugitive dust generation. Gales Ferry residents live approximately 485 meters from the DRMO 
site. The potential for fugitive dust exposures is evaluated for the Gales Ferry residents and for 
children of junior officers who live approximately 915 meters from the DRMO. 

Lower Subase 

The Lower Subase is a high security area. A barbed wire fence with control gates 
regulate access from Shark Boulevard to the east, and along Amberjack Road to the north. The 
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site is completely paved except for the piers. To the west, the area is bounded by the Thames 
River. There are an extensive amount of utility lines in this area. The utility lines are either 
in enclosed concrete trenches with accessible covers or buried below the surface. These utilities 
include storm sewers, sanitary sewers, and steam, electric, telephone, and fuel lines. A total 
of 200 manholes are available for accessing the utility lines within the area. Inspections of fuel 
jines in the trenches are performed to check for leakage. Soil excavation is required for routine 
maintenance and repair of the buried utility lines. 

Many buildings occupy this site. Most of the buildings function as administrative offices 
or storage facilities. Within the active buildings, the full-time administrative staff consists of 
military servicemen and authorized NSB-NI.,ON employees. 

Daily pier activities encompass berthing and fueling submarines. Visual inspection of 
the bulkhead along the waterfront of the Lower Subase revealed no oil seeps or sheens anywhere 
along the waterfront at the Lower Subase. 

Future activities scheduled for this site are described in detail in Appendix E. In general, 
demolition or reconstruction of some structures is planned. At piers 32 and 33, new quaywalls 
will replace deteriorated sheet pile bulkhead. In preparation of the berthing of SEAWOLF 
submarines, extensive dredging is needed around piers 32 and 33, however, these piers are 
outside the study area. Maintenance dredging will occur at piers 2, 6, and 31. 

6.2.2 Identification of Exrrosure Pathwavs 

An exposure pathway describes the path by which a chemical migrates from the source 
of contamination to a human receptor. Factors influencing exposure pathways are the source 
and mechanism of contaminant releases, fate and transport of the chemicals, and points of 
contact with human populations. Exposure routes may include dermal contact, ingestion or 
inhalation. An exposure scenario summarizes all potential exposure pathways associated with 
an activity and an exposure group. The fate and transport mechanisms for the compounds of 
interest are described in Section 5.0. 

6.2.2.1 Steu I Sites 

Construction Battalion Unit KBU) Drum StoraPe Area 

The primary function of this site is a storage area for I... ntmctor trailers. The ama is 
occasionally accessed by contractors who ate working on the NSB-NLON. Due to the lack of 
significant chemicals identified onsite, exposures are considered negligible. 

Rubble Fiii at Bunker A-86 

Since the present activity at the site is minimal, the exposures are considered negligible. 
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.a+-.. Tomedo Shorn 

Military personnel work at the Torpedo shop buildings and the grounds are maintained 
by base personnel. Exposures to soils is possible during repairs of existing underground utility 
lines and the ongoing construction. 

Ground water within the overburden aquifer at the Torpedo Shop contains VOCs below 
ARAR and TBC drinking water standards/guidance values. Antimony is present above a 
USEPA proposed MCL, indicating a potential health risk, if consumed. No potable water 
supply wells exist or are planned by the Navy in the potentially affected downgradient area. The 
Navy owns the land within the potentially affected area. Therefore, under existing and projected 
future land use conditions, no exposure pathway exists for human consumption of degraded 
ground water. The potential effect of ground water discharge on surface water quality is 
evaluated in Section 7.0. 

Goss Cove Landfill 

A full-time civilian staff currently occupies the museum year round. Tourists also visit 
the museum all year round. Inhalation of subsurface volatile organics migrating into the building 
is a possible exposure pathway. 

Excavation of buried utility lines or future construction could expose utility or 
construction workers to contaminated landfii material. 

The construction of a coastal viewing park is currently underway. Residential children 
could gain access to Goss Cove by climbing the retaining wall. The construction of a public 
boat launch has also been proposed. For children, exposures to sediment and surface water are 
possible. 

SDent Acid StoraPe and DisDosal Area 

Demolition of the buildings and construction of a new warehouse are scheduled. Either 
installation or removal of utility lines will coincide with these events. For construction workers 
and naval laborers, contact with soils highly contaminated with metals is probable. 

Former Gasoline Station 

At present there is no exposure at this location. The site is paved and available data 
indicate that there has been little or no release from the underground storage tank. Additional 
investigation is recommended on conditions beneath the tank to confirm the lack of exposure. 

6.2.2.2 Step II Sites 

Area A Landfii 
-K--- 

The exposure scenarios for this site are presented below: 
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l Utility Worker Repairing Storm Sewers in Area A Iandfii; 

l Weapons Center Personnel Exposed to Fugitive Dust from Area A Landfii; 

l Military Servicemen Moving Palettes in Alpha A Storage; 

l Military Servicemen Exposed to Fugitive Dust While Engaging in Nearby 
Recreational Activities; 

l GrotonLedyard Residents Exposed to Fugitive Dust; 

l Citizens Attending Car Auctions in Deployed Parking. 

These exposure scenarios are presented in Tables 6-3 to 6-8 in this section. Site sample 
locations for Area A are provided on Plate 4-l. 

For scenarios involving exposures to fugitive dust from Area A landfill, dust 
concentrations were either modeled or an ambient particulate concentration was selected. 

There are storm sewers to depths of eight feet in Area A Landffi. Thus, soil samples 
collected to a depth of eight feet were used to calculate the soil exposure point concentrations 
during repair of storm sewers. Referring to Table 2-10, the depth of ground water in Area A 
Landfii ranges from approximately eight to 25 feet below the surface. Thus, exposures to 
ground water are not likely while repairing storm sewers. 

4 
Exposure associated with sandbagging activity was judged to be small compared to the 

other Area A Landfill exposure scenarios because of the short duration of this activity. 
Therefore, health risks were not quantified for this less frequent activity. 

Ground water within Area A contains VOCs and cadmium at levels above AR4R and 
TBC drinking water standard/guidance values, indicating a potential health risk if the water were 
to be consumed. No potable water supply wells exist or are planned by the Navy in the 
potentially affected downgradient area. The Navy owns the land within the potentially affected 
area. Therefore, under existing and projected future land use conditions, no exposure pathway 
exists for human consumption of degraded ground water. The potential effect of ground water 
discharge on surface water quality is evaluated in Section 7.0. 

Area A Wetland 

Since daily human activity is not occurring within the wetland, exposure scenarios were 
not developed. The only possible activity which is associated with this site are the occasional 
visits by on-base children. Children who explore the streambeds within the North Lake 
recreational area might climb up the wooded slopes and investigate the perimeter of the wetland. 
This potential activity was developed into an exposure scenario. 

PEASE I RI NSB-NLON 6-16 AUGUST 1992 



TABLE 6-3 
UTILITY WORKER REPAIRING STORM SEWERS IN AREA A LANDFILL 

Exposure Scenario: Utility Worker Exposures to Soil and Fugitive Dust 
Case/liming: Current Site Conditions 
Primary Activity: Storm Sewer Repair in Area A landfill 
Exposed People: Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight kg 
Average Lifetime years 
Total Skin Area cm2 

Total Exposure Duration: 
Daily Exposure Period hours/day 
Exposure Duration days/year 

-- Average Lifetime Exposure years 
Yearly Averaging Period days 

Ingestion of Soil:: 

Ingestion Rate 

Absorption Factor 

VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

Dermal Absorption of Soii: 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 
svocs 

sp‘ lnorganics 

mg/dav 

(fraction) 
(fraction) 
(fraction) 

(fraction) 

.” 

mg/cm2 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

PHASE I RI NSB-NLON 6-17 AUGUST 1992 

70 EPA, 1989a 

70 Assumed 
19400 EPA, 1989a 

a Assumed 
1 Estimate based Navy Subbase Stats 

20 Assumed for Naval Public Works employee 

365 Standard 

100 

1 

0.3 

0.3 
1 

0.5 

0.19. 

0.50 
0.05 
0.01 

Potential Exposure 

EPA, 1989b 

EPA, 1989b 

EPA, 1989b 
Value for Adults; EPA, 1989b 
EPA, 1989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

EPA, 1969b 
EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-3 (continued) 
UTILITY WORKER REPAIRING STORM SEWERS IN AREA A LANDFILL 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Utility Worker Exposures to Soil and Fugitive Dust 

Current Site Conditions 
Storm Sewer Repair in Area A landfill 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mg/m3 

Absorption Factor 
vocs, svocs 
Lead 

Other lnorganics 

(fraction) 
(fraction) 

(fraction) 

Ingestion of Groundwater: ,: 

Ingestion Rate I/day 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

Dermal Absorption of Gioundwater: 

Exposed Body Parts 
Fraction of Total 

Skin Permeabilitv Rate 

PHASE I RI NSB-NLON 

(fraction) 

(cm/hr) 

3.9 EPA, 1989a assuming heavy excercise 

0.09 

1 EPA, 1989b 

0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

6-18 

Potential Exposure 
fugitive dust 

GRI, 1987 

No Potential Exposure 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 

No Potential Exposure .=-::~: ::‘~I:,.,I,,-‘-:-‘::.“‘: 

groundwater is 8 ft below the surface 
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TABLE 6-3 (continued) 
PJTILITY WORKER REPAIRING STORM SEWERS IN AREA A LANDFILL 

Exposure Scenario: Utility Worker Exposures to Soil and Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Storm Sewer Repair in Area A landfill 

Naval Public Works Employees 18-65 years Exposed People: c 

Variable Units Values Notes & References 

Ingestion of Sediments: 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 

Other lnorganics; 

Dennal Absorptilwr of Sediments: . . . . . . . . . . ; .., 

-K-- Sediment Adherence mgfcm2 

Exposed Body Pans 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 

svocs 

lnorganics 

Ingestion of Surface Water:: ::.. 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

(fraction) 

(fraction) 

(fraction) 

(fraction) 

:j ,j...: 
: ,:;:.. : .:i :: 

(fraction) 
(fraction) 
(fraction) 

0 

1 

0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

0 

1 
1 
1 

Exposed Body Parts 
Fraction of Total (fraction) 0 

!- 
.’ ‘n Permeability Rate (cm/M 
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. . 

EPA, 1989b 
EPA, 1989b 
Value for Adults: EPA, 1989b 
EPA, 1989b 

No Potential .Exposure 
..I : . . . . :.I:,., .:..::.. .j:..e ::. : -.:: : : ..: 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

: 
No Potential Exposure : -.:,:: . . . . . . :, 1’ .:. ., ,. . . . . ..::‘.:..: .:.. 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 



=w 
TABLE 6-4 

WEAPONS CENTER PERSONNEL EXPOSED TO FUGITIVE DUST FROM AREA A LANDFILL 

Exposure Scenario: Worker Exposures to Fugitive Dust from Alpha Area Landfill 
Case/Timing: Current Site Conditions 
Primary Activity: Work in Weapons Center 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 

Yearly Averaging Period 

Ingestion of So& 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 

Lead 

Other lnorganics 

Dermal Absorption of Soii: 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 

svocs 
lnorganics 

kg 
years 
cm2 

hours/day 

days/year 
years 
days 

mg/day 

(fraction) 

(fraction) 
(fraction) 

(fraction) 

mgicm2 

(fraction) 

(fraction1 

(fraction) 

(fraction) 

70 EPA, 1989a 

70 Assumed 

19400 EPA, 1989a 

8 

250 
35 

365 

No.Potential Exposure 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible;. EPA, 1989b 

Assumed 
Will vary with each site: CHECK 
Estimate from Bill Mansfield 

Standard 

No Potential Exposure 

PHASE I RI NSB-NLON 6-20 AUGUST 1992 



TABLE 64 (continued) 
WEAPONS CENTER PERSONNEL EXPOSED TO F’UGXTWE DUST FROM AREA A LANDFILL 

Exposure Scenario: Worker Exposures to Fugitive Dust from Alpha Area Landfill 
Case/Timing: Current Site Conditions 
Primary Activity: Work in Weapons Center 
Exposed People: Weapons Center Personnel, 22 - 50 years 

Inhalation of Air: 

Inhalation Rate m3/hr 2.5 

PM 10 Concentration mgIm3 0.0043 

Absorption Factor 

/? vocs, svocs (fraction) 1 
Lead (fraction) 0.42 
Other lnorganics, (fraction) 1 

Variable Units Values Notes & References 

Potential Exposure 
fugitive dust 
EPA, 1991, Default 

Hanna et al. 1982 

EPA, 1989b 
EPA, 1989c 
EPA, 1989b 

Ingestion of Groundwater: : 

Ingestion Rate l/day 0 

Absorption Factor 

vocs (fraction) 1 

svocs (fraction) 1 
lnorganics (fraction) 1 

.. Dermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

km/hr) 

0 

No Potential Exposure .. :..: 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
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TABLE 64 (continued) 
WEAPONS CENTER PERSONNEL EXPOSE TO FJJGI’~(~TE DUST FROM ARE4 A LANDFILL 1 

=e 
Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Fugitive Dust from Alpha Area Landfill 

Current Site Conditions 
Work in Weapons Center 
Weapons Center Personnel, 22 - 50 years 

Variable Units Values Notes & References 

Ingestion of Sediments: 

Ingestion Rate mgtday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 

(fraction) 
(fraction) 

Dermal Absorption of Sediments: . . . 

Sediment Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

No Potential Exposure 

0 

; EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure . ...). . . : : ;,,. 
: 

0 

-WV 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 

” Nc Potential Exposure 
..’ 

0 

1 sA, 1989b 

1 -PA, l989b 
1 EPA, 1989b 

._. .. . . . . . . . . . .. .; ,. ., : ., . . : . . ,:. ..,: ,. ., :, ,.,... 
Dermal Absorotion of Surface WQier:- : ‘, ... ,j’: ,,:.‘.‘: :.,:: ,,._ :.,, .: .‘.‘. 

: . . . . . 
.,. .:.: .:.,: :,.....,. &d Potential Ex@ure 

: .. ,.,. : ..,.: ,.:.i.. .,..: 5 . . . ..i ..:. . . ., 

-.. . . . ,),. : ..:.j. :.;::: . . : ,‘.. 
. :. 
. . . 

Exposed Body Parts 

Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm&) 
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TABLE 6-5 
MILITARY SERVICEMEN MOVTNG PALE= IN ALPHA AREA A STORAGE AREA 

Exposure Scenario: Exposures to Soil and Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Unloading pallettes in Alpha Area Landfill 
Exposed People: Transient Military servicemen 

c 

Variable Units Values Notes & References 

Physical Attributes of Population: 

Average Bodyweight 
Average Lifetime 
Total Skin Area 

Total Exposure Duration: 

Daily Exposure Period 

y- 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion of Soil: Potential Exposure 

Ingestion Rate mglday 100 EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 

Other lnorganics 

Dermal Absorption of Soil: Potential Exposure 

Soil Adherence mgicm2 0.5 EPA. 1989b 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 

,-. svocs 
lnorganics 
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kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

hours/day 0.333 Estimate From Sr. Cheif Dregger 

days/year 260 Estimate From Sr. Cheif Dregger 

years 3 Estimate From Sr. Cheif Dregger 

days 365 Standard 

(fraction) 1 EPA, 1989b 

(fraction) 0.3 EPA, 1989b 

(fraction) 0.3 Value for Adults; EPA, 1989b 

(fraction) 1 EPA, 1989b 

(fraction) 0.19 
arms, hands, head 
EPA, 1989a 

(fraction) 

(fraction) 

(fraction) 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 



TABLE 6-5 (continued) 
MILITARY SERVICEMEN MOVING PALETTES IN ALPHA AFtEA A STORAGE AREA 

Exposure Scenario: Exposures to Soil and Fugitive Dust 
Case/Timing: Currant Site Conditions 
Primary Activity: Unloading pallettes in Alpha Area Landfill 

Variable Units Values Notes & References 

Inhalation of Air: 

tnhalation Rate 

PM 10 Concentration 

Absorption Factor 

vocs, svocs 
Lead 
Other lnorganics 

m3/hr 

mg/m3 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 

vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

Dormal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

km/hr 1 
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Potential Exposure 

2.5 

0.018 

fugitive dust and volatiles 
EPA, 199 1 Default Commericial/lndustrial 

EPA 1989 Air Quality for New England 

1 EPA, 1989b 

0.42 EPA, 1989c 

1 EPA, 1989b 

0 

1 

1 
1 

0 

No Potential Exposure 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 

No Potential Exposure 

* 

‘: 
..: 

.,. 



TABLE 6-5 (continued) 
~MILITARY SERVICEMEN MOVING PALETI’ES IN ALPHA AREA A STORAGE AREA 

Exposure Scenarro: 
Case/Timing: 
Primary Activity: 

Exposures to Soil and Fugitive Oust 

Current Site Conditions 
Unloading pallettes in Alpha Area Landfill 

Exposed People: 

Variable Notes & References 

Ingestion of Sediments: 

Ingestion Rate 

Absorption Factalr 
VOCs, PAHs 
Other SVOCs 

Lead 

Other lnorganics 

Dermai Absorption of Sediments: 

Sediment Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption FactaIr 

vocs 

svocs 
lnorganics 

Ingestion of Surface Water: 

Ingestion Rate 

Absorption Factar 
vocs 

svocs 

lnorganics 

mg/dav 

(fraction) 
(fraction) 
(fraction) 

(fraction) 

mg/cm2 

(fraction) 

(fraction) 

(fraction) 

(fraction) 

I/day 

(fraction) 
(fraction) 

(fraction1 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

0 

0 

0.50 
0.05 
0.01 

0 

Dermal Absorption of Surface Water: 

Exposed Body Parts 
Fraction of Total (fraction) 0 

,- Skin Permeability Rate (cm/h4 
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No Potential Exposure 

No Potential Exposure 

EPA, 1989b 

EPA, 1989b 
Negligible; EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 
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TABLE 6-6 -w 
MILITARY SERMCJZMEN EXPOSED TO F’UGITIVE DUST WHILE ENGAGING IN 

NEARBY RECREATIONAL ACTIVITIES 

Exposure Scenario: 
CaselTiming: 
Primary Activity: 

Exposures to Fugitive Dust 
Current Site Conditions 
Playing tennis or jogging near Alpha Area 

Values ~ Variable Units Notes & References 

Physical Attributes of Population: 

Average Bodyweight 
Average Lifetime 
Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 

Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion of Soil: 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 

Lead 

Other lnorganics 

Dermel Absorption of Soil: 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 
lnorganics 

PHASE I RI NSB-NLON 

kg 70 EPA, 1989a 
years 70 Assumed 

cm2 19400 EPA, 1989a 

hours/day 

days/year 

years 
days 

1 Assumed 
120 Assumed 30 wksfvear; 4 dayslwk 

6 Reassigned Tour of Duty 

365 Standard 

No Potential Exposure 

mg/day 0 

(fraction) 

(fraction) 
(fraction) 

(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Not Sufficient Exposure Pathway 

mg/cm2 0 

(fraction) 0 

(fraction) 
/fraction) 
(fraction) 

0.50 :?A, 1989b 

0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

.* 
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TABLE 6-6 (continued) 
MILITARY SERVICEMEN EXPOSED TO F’UGITIVE DUST WHILE ENGAGING IN 

NEARBY RECREATIONAL ACTIVITIES 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposed People: 

Exposures to Fugitive Dust 
Current Site Conditions 
Playing tennis or jogging near Alpha Area 
Military servicemen, 18 - 65 years old ‘ 

Variable Units Values Notes & References 

Inhalation of Air: Potential Exposure 
fugitive dust 

2.5 EPA, 1989a assuming moderate excercise Inhalation Rate m3/hr 

mg/m3 0.00407 modeled PM 10 Concentration 

-)‘ Absorption Factor 

vocs, svocs 

Lead 
Other lnorganics 

1 EPA, 1989b 

0.42 EPA, 1989~ 
1 EPA, 1989b 

(fraction) 
(fraction) 
(fraction) 

:... . 
No Potential Exposure Ingestion of Groundwater: 

Ingestion Rate l/day 0 

Absorption Factor 

vocs 

svocs 

lnorganics 

EPA, 1989b 

EPA, 1989b 

EPA, 1989b 

(fraction) 

(fraction) 
(fraction) 

No Potential Exposure Dermd Absorption of Groundwater: 

Exposed Bodv Parts 
Fraction of Total (fraction) 

(cm/hr) 

0 

Skin Permeability Rate 
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TABLE 6-6 (continued) 
h4IIJTARY SERVICEMEN EXPOSED TO FUGITIVE DUST WHILE ENGAGING IN 

NEARBY RECREATIONAL ACTIVlTIES 

Exposure Scenario: Exposures to Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Playing tennis or jogging near Alpha Area 
Exposed People: Military servicemen, 18 - 65 years old 

Variable 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 

(fraction) 
(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Dermd Absorption of Sediments: No Potential Exposure 

Sediment Adherence mglcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 

vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 

0.05 EPA, l989b 
0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 198913 
1 EPA, 1989b 
1 EPA, 1989b 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate km/hr) 
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TABLE 6-7 
GROTON/LEDYARD RESIDENTS EXPOSED TO FUGITIVE DUST 

Exposure Scenario: Exposures to Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Living in Area 
Exposed People: Groton/Ledyard Residents 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 

:-’ Yearly Averaging Period 

hours/day 24 
days/year 350 
years 30 
days 365 

Ingestion of Sol: 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 

(fraction) 
(fraction) 

Dermai Absorption of Soil: 

Soil Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 

_i-4 lnorganics 

(fraction) 
(fraction) 
(fraction) 
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0 

1 

0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

EPA 1991 Default 
upper bound at one residence 

Standard 

,No Potential Exposure 
: 

.: 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-7 (continued) 
GROTONlLEDYARD RESIDENTS EXPOSED TO FUGITIVE DUST 

Exposure Scenario: 
Casefliming: 
Primary Activity: 

Exposures to fugitive Dust 
Current Site Conditions 

Living in Area 

n Variable Values Notes & References 

Inhalation of Air: 

Inhalation Rate 

PM1 0 Concentration 

Absorption Factor 
vocs, svocs 

Lead 
Other lnorganics 

Ingestion of Groundwater: 

m3/hr 

mglm3 

(fraction) 
(fraction) 

(fraction) 

Ingestion Rate l/day 

Absorption Factor 

vocs (fraction) 
svocs (fraction t 
lnorganics (fraction) 

Dsrmal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/W 

0.8 

0.004 

1 EPA, 1989b 

0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

0 

Potential Exposure 
fugitive dust 

4 1991 Default, EPP 

Hanna et al 1982 

-, .:. 

4 
.,:.). ,. ,. .( ,... . . 

Associated.with 
., ,,:,>. .:, 

Not Site ” --::. 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 

Not Associated with Site 
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TABLE 6-7 (continued) 
GR()TON/LEIIYARD RESIDENTS EXPOSED TO FUGITIVE DUST 

Exposure Scenario: Exposures to Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Living in Area 
Exposed People: Groton/Ledyard Residents 

Variable Units Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mgldav 0 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 

Lead 
Other lnorganics 

Dermal Absorption of Sediments: No Potential Exposure 

Sediment Adherence 

Exposed Body Pans 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 

svocs 
lnorganics 

Ingestion of Surface Water: 

Ingestion Rate 

Absorption Factor 

vocs 

svocs 
lnorganics 

(fraction) 1 EPA, 1989b 

/fraction) 0.3 EPA, 1989b 

(fraction) 0.3 Value for Adults; EPA, 1989b 

(fraction) 1 EPA, 1989b 

mglcm2 

(fraction) 

(fraction) 

(fraction) 
(fraction) 

I/day 

(fraction) 

(fraction) 

(fraction) 

0 

0 

0.50 

0.05 
0.01 

0 

1 

1 

1 

Dermal Absorption of Surface Water: 
: 

Exposed Body Parts 
Fraction of Total (fraction) 0 

.K=- 
Skin Permeability Rate (cm/hrl 

EPA, 1989b 

EPA, 1989b 
Negligible: EPA, 1989b 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 

.~ i40 Potential Exposure :.i .:. 
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TABLE 6-8 -+ 
CITIZENS ATI’ENDING CAR AUCTIONS IN DEPLOYED PARKING 

Exposure Scenario: 
Case/Timing: 

Primary Activity: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Public Car Auctions in Deployed Parking Areas 

Citizens Exposed People: 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 

Average Lifetime 
Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion of So& 

Ingestion Rate ma/day 

Absorption Factor 

VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dermai Absorption of Soil: 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

Soil Adherence ma/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction1 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

ka 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

hours/day 2.5 2hrs to preview;4 hrs actual auction 
davs/year 24 18dayspreview;Gdayslyear actual auction 
years 30 upper bound at one residence/employment 
days 365 Standard 

100 EPA, 1989b 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 

. . 
Potential Exposure 

.y::, :.:+i 
..‘. ‘:‘j... “. .,;‘;,::.;,.. 

Not Sufficient Exposure Pathway 
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TABLE 6-8 (continued) 
CITIZENS ATTENDING CAR AUCTIONS IN DEPLOYED PARKING 

Exposure Scenario: Exposures to Soil and Fugitive Dust 
Case/Timing: Current Site Conditions 
Primary Activity: Attending Public Car Auctions in Deployed Parking Areas 
Exposed People: Citizens 

Variable 

Inhalation of Air: 

Inhalation Rate 

Units 

m3/hr 

Values Notes & References 

.P&ntial Exposure 
. . : 

fugitive dust 

2.5 EPA, 1989a assuming moderate excercise 

PM 10 Concentration mglm3 0.018 EPA, 1989 Air Ouality in New England’ 

Absorption Factor 
-n VOCS, SVOCS 

Lead 
Other lnorganics 

(fraction) 

(fraction) 
(fraction) 

1 EPA, 1989b 

0.42 EPA, 1989~ 
1 EPA, 1989b 

Ingestion of Groundwater: : . . .,.No. Potential Exposure 

Ingestion Rate l/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Dsrmaf Absorption of Groundwater: 
.. 

No Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction t 0 

Skin Permeability Rate (cm/hrI 
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TABLE 6-8 (continued) 
CITXZENS Al-TENDING CAR AUCTIONS IN DEPLOYED PARKING 

Exposure Scenario: 
CaseTTiming: 
Primary Activity: 
Exposed People: 

- 
Exposures to Soil and Fugitive Dust WI&- 
Current Site Conditions 
Attending Public Car Auctions in Deployed Parking Areas 
Citizens 

Variable Units Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 
0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults: EPA, 1989b 

EPA, 19896 

Oirrmal Absorption of Sediments: No Potential Exposure 

Sediment Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

0.50 

0.05 
0.01 

EPA, 1989b 

EPA, 1989b 
Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

EPA, 19896 
EPA, 1989b 
EPA, 1989b 

.T.. . . ..:. ,:?:...). . . . . . . . . : .:. .:-,:, c :.. ,.... . . .:. ,., i .., .: .: . . ,, . . . . . . . . . : i ._..... -: . . : : :. ., 
Oermel Absorption of Surface :\hl&ter: ~~“““:;~~.::. ,:,,, .: :: :;,, ., j;;,-; 1, $;:~:Y~ ..::, ,,. v,o ,Potentiaj Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/h4 
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/? Area A Downstream Watercourses 

The exposure scenarios for this site are presented in Tables 6-9 to 6- 12 and include: 

l Subase Children Exploring the Woods within Area A Wetland, Landfiu and 
Downstream Watercourses; 

l Subase Children Exploring Streambeds and Area A Wetland; 

l Subase Children Swimming in North Lake; 

l Utility Worker Repairing Utility lines in Area A Downstream Watercourses; 

Young children living at NSB-NLON were selected for assessment of health risks 
associated with living and playing onsite. This population group is considered to be more 
sensitive than adults (their parents) and, thus, examining risks to children provides a 
conservative approach to assessing risks to onsite residents. The factors that make children more 
sensitive or vulnerable to risks include: 1) their activity patterns, and 2) smaller body size. 
Both factors will make them more likely to encounter contaminants and will result in larger 
doses on a per body weight basis. The six to nine year old age group represents the age group 
in the exposure scenarios that pertain to children. Junior officers and their families live on the 
Subase and the ages of their children would typically fall into this age group. A junior officer’s 
tour of duty is three years, but at the request of the EPA Region I Superfund Health Risk 
Assessment Department, six years was used as the average lifetime exposure for Subase children 
in case their parents remained at the base. The six year estimate for the exposure period was 
also used for exposure scenarios pertaining to naval servicemen working on base. 

An activity that has raised health concerns in this area involves the use of North Lake 
area for swimming and playing. Thus, an exposure scenario for this activity was developed for 
children that might use the area on a regular basis for swimming and playing. The frequency 
of this activity was determined through telephone conversation with Pat Russak, who is the 
Naval swimming manager. 

Another exposure scenario within Area A Downstream is Subase children exploring the 
streambeds and ponds. These are the locations where the highest levels of pesticides were 
observed and, therefore, are treated separately in order to provide focus to potential risks 
associated with these conditions. An additional activity for children involves playing in the 
picnic area. This activity was not developed into a scenario because of lack of surface soil data 
in the area of interest. It is expected that exposure in this area would be less than in the other 
scenarios evaluated for children playing in the woods, stream beds, or ponds. 

Utility lines are located six feet below the surface on this site, and, therefore, the 
potential exposure of utility maintenance workers was evaluated. The height of ground water 
table ranges between two to ten feet below the ground. Utility workers might be exposed to 
ground water during excavation. 
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TABLE 6-9 
SUBASE CHILDRENEXPLORING THEWOODS 

Exposure Scenario: Exposures to Surface Soil 
Case/Timing: Current Site Conditions 

Primary Activity: Exploring in woods (North Lake, Area A Landfill, Wetlands) 

Exposed People: Young children from 6-9 years old living on subase 

Variable Units Values Notes & References a 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 

Total Skin Area 

kg 25 

years 70 

cm2 930 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 

Yearly Averaging Period 

hours/day 2 
days/year 56 
years 6 

days 365 

Ingestion of Soil: 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

(fraction) 

Oermal Absorption of Soil: 

Soil Adherence mgfcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

200 

1 

0.3 
0.3 

1 

0.5 

0.3 

0.5 
0.05 

0.01 

EPA, 1989a mean age 7 < 8 years 

Assumed 
EPA, 1989a mean age 6 < 9 years 

Assumed 
Assumed 7 monthslyr: 2 dayslwk 

Assume Reassigned Tour of Duty 

Standard 

Potential Exposure 

EPA, 1989b 

EPA, 1969b 

EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a age 9 < 10 years 

EPA, 1989b 
EPA, 1989b 

Negligible; EPA, 1989b 
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TABLE 6-9 (continued) 
SUBASE CHILDREN EXPLORING THE WOODS 

Exposure Scenario: Exposures to Surface Soil 
Case/Timing: Current Site Conditions 
Primary Activity: Exploring in woods (North Lake, Area A Landfill, Wetlands) 
Exposed People: Young children from 6-9 years old living on subase 

Variable Notes & References 

Inhalation of Air: 

Inhalation Rate 

PM 10 Concentration 

- Absorption Factfor 
vocs, svocs 

Lead 
Other lnorganics 

Ingestion of Groundwater: 

m3/hr 

mglm3 

(fraction) 
(fraction) 
ffraction) 

Ingestion Rate I/day 

Absorption Factor 

vocs (fraction1 

svocs (fraction) 

lnorganics (fraction1 

Dermal Absorption of Groundwater:. ,.,.. 

Exposed Bodv P’atts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

3.2 

0.018 

EPA, 1989a age 10 moderate activity 

EPA 1989 Air Duality in New England 

1 EPA, 1989b 

0.42 EPA, 1989c 
1 EPA, 1989b 

No Potential Exposure 

EPA, l989b 
EPA, 1989b 

EPA, 1989b 

No Potential Exposure 

Potential Exposure 
(fugitive dust1 

‘, : 
. . . .. 
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TABLE 6-9 (continued) 
SUBASE CHILDREN EXPLORING THE WOODS 

Exporurt Scenario: 
CaroK. .‘ng: 
Primary Activity: 
Exposed People: 

Exposures to Surface Soil 
Current Site Conditions WI@ 

Exploring in woods (North Lake, Area A Landfill, Wetlands) 

Young children from 6-9 years old living on subase 

Variable Units Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mglday 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

(fraction) 

1 

0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Dsrmd Absorption of Sediments: No Potential Exposure 

Sediment Adherence mgfcm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 

vocs 

svocs 
Inorganics 

(fraction) 

(fraction) 
(fraction) 

0.5 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

Ingestion of Surfac8 Water: 

Ingestion Rate I/day 0 

No Potential Exposure 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

: ..,: ~. . . : ,... : ., 
Dermd Abso&j&‘& S&face Water: 

..:; ,.._ ..,,: .>>:.:.::;.:..; .,., : ., ., :.. ..,- . . . . . : :. ::.. .. . . 
,j ..‘l,, : .:;.i: ....I. -.,:I:.: .;.: No &+&al Exposure 

..I . . .:.: :: :‘:~:j i::; .. :y-. -1” : : 
.:. :.: :’ ... :~::Q;:.:.:: .,. 

Exposed Bodv Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/h4 

0 
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TABLE 6-10 
SUBASE CHILDREN EXPLORING STREAMBEDS AND AREA A WETLAND 

Exposure Scenario: Exposures to Sediments 
Case/Timing: Current Site Conditions 
Primary Activitv: Exploring streambds and Area A wetland 
Exposed People: Young children from 6-9 years old living on subbase 

Variable Units Values Notes & References 

Physical Attributes of Population: 

Average Bodyweight 
Average Lifetimle 

Total Skin Area 

kg 25 
years 70 
cm2 930 

EPA, 1989a mean age 7 c 8 years 

Assumed 
EPA, 1989a mean age 6 < 9 years 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 

n 
Average Lifetime Exposure 
Yearly Averaginlg Period 

hours/day 2 

days/year 28 

years 6 

days 365 

Assumed 
Assumed 7 months&r: 1 days/wk 
Assume Reassigned Tour of Duty 

Standard 

lngestion of Soli: No Potential Exposure 

Ingestion Rate mg/dav 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 

Other Inorganics 

(fraction) 
(fraction) 
(fraction) 

(fraction) 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Dermal Absorption of Soil: No Potential Exposure 

Soil Adherence mglcm2 

Exposed Bodv Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 

svocs 

n lnorganics 

(fraction) 
(fraction) 

(fraction) 

0 

1 

0.3 

0.3 
1 

0 

0 

0.5 
0.05 

0.01 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-10 (continued) 
!5'U73ASECHILDRENEXFLORINGSTREAMB EDSANDAREAAWETLAMI 

Exposure Scenario: Exposures to Sediments 
Case/Timing: Current Site Conditions 
Primary Activity: Exploring streambds and Area A wetland 
Exposed People: Young children from 6-9 years old living on subbase < 

Values ~ Variable Units Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentration mg/m3 

Absorption Factor 

vocs, svocs 
Lead 
Other lnorganics 

(fraction) 

(fraction) 
(fraction) 

Ingestion of Groundwater: ” ’ 

Ingestion Rate I/day 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

Dermai Absorption of Groundwater: : . . . 

Exposed Body Parts 

Fraction of Total (fraction) 

Skin Permeability Rate km/hr) 
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No Potential Exposure 

0 

0 

1 EPA, 1989b 

0.42 EPA, 1989c 
1 EPA, 1989b 

0 

0 

ko.Potential Exposure 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 

No Potential Exposure 



TABLE 6-10 (continued) 
n SUBASE CHILDREN EXPLORING S TREAMBEDSANDAREAAWETLAND 

Exposure Scenario: Exposures to Sediments 
Case/Timing: Current Site Conditions 
Primary Activity: Exploring streambds and Area A wetland 
Exposed People: Young children from 6-9 years old living on subbase 

Variable Units Values Notes & References 

Ingestion of Sediments: 

Ingestion Rate mu/day 

Absorption Fact:or 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dormal Absorption of Sediments: 

Sediment Adherence 
II 

Exposed Body Parts 
Fraction of Skin Area Exposed 

mg/cm2 

(fraction) 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Surfa& W&k. ,[,.:,--,: 

Exposed Body Parts 
Fraction of Total 

--^ Skin Permeability Rate 

(fraction) 

(cm/hr) 
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‘. 

200 

1 

0.3 
0.3 

1 

0.5 

1 

0.5 

0.05 
0.01 

0 

1 
1 

1 

::.: :. 
;;.. :, 

0 

Potential Exposure 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Potential Exposure 

EPA, 1989b 

entire body 
EPA, 1989a 

EPA, 1989b 

EPA, 1989b 
Negligible; EPA, 1989b 

Not Sufficient Exposure Pathway 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 

:&t ‘Su&ci&t Exposure Paihway 
., 



TABLE 6-11 -w 

SUBASECHILDREN SWIMMING IN NORTH LAKE 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposure to North Lake Surface Water and Sediment 

Current Site Conditions 
Swimming in North Lake 
Young children from 6-9 years old living on Subase 4 

Variable Units Values Notes & References 

Physical Attributes of Population: 

Average Bodyweight 
Average Lifetime 
Total Skin Area 

ku 
years 
cm2 

Total Exposure Duration: 

Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestjon of Soii: 

Ingestion Rate 

hours/day 
days/year 
years 
days 

: .:.>: . . . . . . . . 
i :.. .‘. 

mglday 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 

Lead 
Other lnorganics 

(fraction) 

(fraction) 
(fraction) 

(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction} 

(fraction1 
(fractionl 
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25 EPA, 1989a mean age 7 < 8 years 

70 Assumed 
930 EPA, 1989a mean age 6 < 9 Years 

4 Assumed 
55 Assumed 11 wkslyr:5 dayslwk 

6 Assume Reassigned Tour of Duty 

365 Standard 

..: ..:. No Potential Exposure .. .. ,:.. ,,.. .. 
“-4 

0 

1 EPA, l989b 
0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No ‘&ential Exposure 

0 

0 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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Exposure Scenario: 
CaseRiming: 
Primary Activity: 
Exposed People: 

TABLE 6-11 (continued) 
SUBASE CHILDREN SWIMMIN G IN NORTH LAKE 

Exposure to North Lake Surface Water and Sediment 
Current Site Conditions 
Swimming in North Lake 
Young children from 6-9 years old living on Subase 

Variable Units Values Notes & References 

Inhalation of Air: No Potential Exposure 

Inhalation Rate m3/hr 0 

PM 10 Concentrastion mg/m3 0 

Absorption FactaIr 

vocs, svocs 
Lead 
Other lnorganics 

(fraction) 1 EPA, 1989b 

(fraction) 0.42 EPA, 1989~ 

(fraction) 1 EPA, 1989b 

: 
Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction1 

Dermel Absorption of Groundwater: : . . ‘..: ‘. 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 

No Potential Exposure 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
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TABLE 6-l 1 (continued) 
SUBASE CHILDREN SWIMMING IN NORTH LAKE 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposure to North Lake Surface Water and Sediment 

Current Site Conditions 

Swimming in North Lake 
Young children from 6-9 years old living on Subase 

Variable Units Values Notes & References < 

ktgestion of Sediments: 

Ingestion Rate mg/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermai Absorption of Sediments: 

Sediment Adherence mgicm2 

Exposed Body Parts 

Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 
fnorganics 

(fraction) 
(fraction 1 
(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

200 

1 

0.3 
0.3 

1 

0.5 

1 

0.50 

0.05 
0.01 

1.2 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/M 

1 

Potential Exposure 
(includes beach sand & North Lake sediment) 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Potential Exposure 

EPA, 1989b 

entire body 

EPA, 1989a 

EPA, 1989b 

EPA, 1989b 
Negligible; EPA, 1989b 

Potential Exposure 

EPA, 1989 5OmlIhr 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 
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TABLE 6-12 
UTILITY WORKER REPAIRING UTILITY LINES IN AREA A DOWNSTREAM 

WATERCOURSES 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Utilitv Worker Exposures to Soil, Fugitive Dust and Groundwater 

Current Site Conditions 
Underground Utility Repair in Area A Downstream Watercourses 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

Total Exposure Duration: 

Daily Exposure Period 
Exposure Duration 

.!--’ Average Lifetime Exposure 

Yearly Averaging Period 

Ingestion of Soil:. 

Ingestion Rate 

Absorption Factolr 

VOCs, PAHs 

Other SVOCs 
Lead 
Other lnorganics 

Dermal Absorption of Soil: 

Soil Adherence 

Exposed Body Palrts 
Fraction of Skin Area Exposed 

Absorption Factor 
vocs 
svocs 

/” lnorganics 

PHASE I RI NSB-NLON 

kg 
Years 
cm2 

70 EPA, 1989a 

70 Assumed 

19400 EPA, 1989a 

hours/day 
days/Year 
years 
days 

8 Assumed 
1 Estimate from Navy Subbase Stats 

20 Assumed for Naval Public Works employee 

365 Standard 

... .:, 1 Potential Exposure 
,.., . . .‘:+ ..:.. .._ T .: ;:;.;,;:.i’; i : :’ 2 i, ,. .;,. .: .’ iv- 

mgiday 100 EPA, 1989b 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults: EPA, 1989b 

1 EPA, 1989b 

Pote&i”Exposure 
. ..’ 

: 

mgicm2 0.5 EPA, 1989b 

(fraction) 

arms, hands, head 

0.19 EPA, 1989a 

(fraction) 
(fraction) 
(fraction) 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

O-01 Negligible; EPA, 1989b 
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TABLE 6-12 (continued) 
UTILITY WORKER REPAIRING UTILITY LINES IN AREA A DOWNSTREAM 

WATERCOURSES 

Caseiliming: 
Primary Activity: 

Current Site Conditions 
Underground Utility Repair in Area A Downstream Watercourses 

Units ‘ Variable Values Notes & References 

lnhalatlon of Ak: 

Inhalation Rate 

PM1 0 Concentration 

Absorption Factor 

vocs, svocs 
Lead 
Other lnorganics 

m3/hr 3.9 

moim3 0.09 

(f G action) 1 
(fraction) 0.42 

(fraction) 1 

Potential Exposure 

fugitive dust 
EPA, 1989a assuming heavy excercise 

GRI, 1987 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

Ingestion of Groundwater: Not Sufficient Exposure Pathway 

Ingestion Rate I/day 0 

Absorption Factor 

vocs (fraction) 1 
svocs (fraction) 1 
lnorganics (fraction) 1 

Dermai Absorption of Groundkmter: . . 1:. . . : .:... 

Exposed Body Parts 
Fraction of Total (fraction) 0.19 

Assumed 

EPA, 1989b 

EPA, l989b 

EPA, 1989b 

. . . Potential Exposure 

head, arms. hands 

EPA, 1989a 

Skin Permeability Rate kmihr) 
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TABLE 6-12 (continued) 
UTILITY WORKER REPAIRING UTILITY LINES IN AREA A DOWNSTREAM 

WATERCOURSES 

Exposure Scenario: Utilitv Worker Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Current Site Conditions 
Primary Activitv: Underground Utility Repair in Area A Downstream Watercourses 
Exposed People: Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Ingestion of Sediments: Considered in the Exposure to Soils 

Ingestion Rate mgidav 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
Value for Adults: EPA, 1989b 
EPA, 1989b 

Dormal Absorption of Sediments: 

1 
0.3 
0.3 

1 

Considered in the Exposure to Soils 

Sediment Adherence 

r- 
Exposed Body Parts 

Fraction of Skin Area Exposed 

mgicm2 0 

(fraction) 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0.50 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Negligible: EPA, 1989b 

Ingestion of Surface Water: 

Ingestion Rate I/day 0 

No Potential Exposure 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

:........: :L.......~: . ...: De,hd Ab;b-i&;$. & &..a&.Wat&  ̂ .’ .: ‘: .‘;.-;:.i:;.: .‘. ::; :: i,’ 1; j,: ,, No potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

=--- Skin Permeability Rate (cmihr) 
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Defense Reutilization and Marketine Office IDRMO) 

The following exposure scenarios have been developed for this site and are provided in 
Tables 6-l 3 to 6-20: 

l Citizens Attending Monthly Public Auctions at DRMO; 

l Citizens Attending Weekly Public Sales at DRMO; 

l Navy Employees Sorting Scrap Metal; 

l Utility Worker Exposed to Soils and Ground Water in DRMO Under Current 
Conditions; 

l Utility Worker Exposed to Soils and Ground Water in DRMO Under Future 
Conditions; 

l Future Construction of Hazardous Waste Storage Facility; 

l Ledyard Residents Inhaling Fugitive Dust from DRMO; 

l Subase Children Exposed to Fugitive Dust from DRMO and Area A Landfill. 

The migration of VOCs into the buildings within DRMO site was evaluated as a potential 
exposure pathway for employees working in the buildings. This was not considered to be an 
important exposure route under current conditions based on the results of soil, ground water, 
and soil gas sampling, therefore, an exposure scenario was not developed. 

The DRMO site is visited on a weekly basis by delivery people. State and federal agency 
representatives visit on a more frequent basis. The health risks associated with these visits we= 
judged to be small compared to the other DRMO site exposure scenarios evaluated in this risk 
assessment. Therefore, health risks were not quantified for delivery people and state and federal 
representatives. 

Utility lines are buried four to six feet below the surface. Depth of ground water ranges 
from approximately four to eleven feet below the surface. Navy Public Works employees, or 
construction workers may come into contact with soil and ground water through soil excavation. 
Residents close to the DRMO site include Subase children and individuals living near the site. 
They could come into contact with onsite contaminants via transport of fugitive dust generated 
from DRMO as well as from other onsite locations. 

Lower Subase 

Three exposure scenarios involving contact with subsurface soil were developed for the 
Lower Subase (Tables 6-21 to 6-23): 
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TABLE 6-13 
CITIZENS AI-FENDING MONTHLY PUBLIC AUCTIONS AT DRMO 

Exposure Scenario: 
Case/Timing: 

Primary Activity: 

Exposures to Soil and Fugitive Oust 
Current Site Conditions 
Attending Monthly Public Auctions at DRMO 

Exposed People: Citizens 

Variable Units Values Notes & References 

Physical Attributes of Population: 

Average Badyweight 
Average Lifetime 
Total Skin Area 

kg 
years 
cm2 

Total Exposure Duration: 
Daily Exposure Period 

Exposure Duration 

-f+--. 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 

days/year 
years 
days 

Ingestion of Soil: 

Ingestion Rate mgfday 

Absorption Factolr 
VOCs, PAHs 

Other SVOCs 
Lead 
Other lnorganics 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 

-fi lnorganics 

(fraction) 
(fraction) 
(fraction) 

PHASE I RI NSB-NLON 

70 EPA, 1989a 
70 Assumed 

19400 EPA, 1989a 

2.5 2 hrs per preview/4 hrs per auction 

24 18 days preview; 6 daysiyr auction 
30 upper bound at one residence 

365 Standard 

. . Potential.E@osure 

100 EPA, 1989b 

1 EPA, 1989b 

0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

_, 
: 

: :. 

.@qt Significant Exposure Pathway 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 
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TABLE 6-13 (continued) 
CITIZENS ATTENDING MONTHLY PUBLIC AUCTIONS AT DRMO 

Exposure Scenario: Exposures to Soil and Fugitive Dust 

CaseITiming: Current Site Conditions 
Primary Activity: Attending Monthly Public Auctions at DRMO 

Exposed People: Citizens 

Variable Units Values Notes & References 

lnhalz::qn of Air: 

lnhalauon Rate 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Le.43 
Otrrer lnorganics 

m3/hr 

mg/m3 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwater: ‘. 

Ingestion Rate I/day 

Absorption Factor 
vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

Oermd Absorption of Grar.rndwater: 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cmihrl 

Potential Exposure 
fugitive dust 

2.5 EPA, 1989a, moderate excerise 

0.018 EPA, 1989 Air Quality in New England 

1 EPA, 1989b 

0.42 EPA, 1989~ 

1 EPA, 1989b 
=w 

:.:.. . . . No . . .._. . . Potential Exposure . . . .,.:,. . . . . . . : 

0 

1 EPA, 1989b 
1 EPA, l989b 
1 EPA, 1989b 

.’ No Potential Exposure 

0 
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TABLE 6-13 (continued) 
CITIZENS ATTENDING MONTHLY PUBLIC AUCTIONS AT DRMO 

“% 
Exposure Scenario: Exposures to Soil and Fugitive Dust 
CareTTiming: Current Site Conditions 
Primary Activity: Attending Monthly Public Auctions at DRMO 
Exposed People: Citizens 

Variable Units Values Notes & References ‘ 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mglday 0 

Absorption Factor 

VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Dermsf Absorption of Sediments: No Potential Exposure 

Sediment Adherence mg/cm2 0 

-c Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factolr 
vocs 
svocs 
lnorganics 

(fraction1 
(fraction) 
(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

ingestion of Surface Water: No Potential Exposure 

Ingestion Bate I/day 0 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Dermal Absorption of Surface Wafer: :,,. ::. 1: ‘.‘i : :.::.;jy ,. :, ,.., .: I:, .. $6 P;&&al ‘~gpo&j& ‘. j ;:y;:~zyi.:,:: :; ‘: 

Exposed Body Pans 
Fraction of Total (fraction) 0 

Skin Permeability Rate km/hr) 
r- 
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4 
TABLE 6-14 

CITIZENS AlTENDING WEEKlLY PUBLIC SALES AT DRMO 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposures to Soil and Fugitive Oust 

Current Site Conditions 
Attending Weekly Public Sales at DRMO 

Citizens 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 

years 70 Assumed 
cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 

Exposure &ration 

Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 2 Schedule from ORMO 

days/year 26 Schedule from ORMO 

years 30 upper bound at one residence 

days 365 Standard 

Ingestion of Soil: Potential Exposure 

Ingestion Rate mg/day EPA, 1989b 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 

(fraction) 
(fraction) 

100 

1 

0.3 

0.3 
1 

0 

0 

0.50 
0.05 

EPA, 1989b 

EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 3989b 

Dermal Absorption of Soil: 

0.01 

Hot Sufficient Exposure Pathway .” 

Soil Adherence mgicm2 

Exposed Bodv Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction1 
(fraction) 
(fraction) 

EPA, 1989b 

EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-14 (continued) 
CITIZENS A’ITENDING WEEKLY PUBLIC SALES AT DRMO 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Soil and Fugitive Dust 
Current Site Conditions 
Attending Weekly Public Sales at ORMO 

Citizens 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 

PM 10 Concentral:ion mgim3 

Absorption Factolr 
- vocs, svocs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction1 

Ingestion of Groundwater: _ 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction1 
(fraction) 

Dermal Absorption of Groundwater: 

Exposed Body Parts 

Fraction of Total (fraction) 

Skin Permeability Rate (cmihr) 
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2.5 EPA, 1989a assuming moderate excercise 

0.018 EPA, 1989 Air Quality in New England 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

0 

0 

. . . 
Pdten~ial Ex&sure 
fugitive dust 

. . 

No Potential Exposure 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure . . ‘. 
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TABLE 6-14 (continued) 
CITIZENS A’ITENDING WEEKLY P1W.X SALES AT DRMO 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Soil and Fugitive Dust 

Current Site Conditions 
Attending Weeklv Public Sales at DRMO 

Citizens 

Units_ Variable Values Notes & References 

Ingestron of Sediments: 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction1 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Sediments: 

Sediment Adherence mglcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed {fraction) 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 

(fraction) 

Ingestion of Surface Water: 

Ingestion Rate l/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

No Potential Exposure 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 
0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible: EPA, 1989b 

No Potential Exposure 

0 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

Dermal Ab;&&h bf Stirface Water: ‘.:...::-,i.::i.;;.‘,.i I i.. ,:: :::I.~.i:.-i,;.,.i:::No:‘Potential ~~xposure . . . . . 
. . .:.. ..: .: 1. .., .; : .,..; i...: ; .‘:..::ii..‘:.:.:iI(~,..:-.::l::-i.:’.~...’:::l:(‘il ,::. :;.,,I 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hrl 

PHASE I RI NSB-NLON 6-54 AUGUST 1992 



TABLE 6-15 
DEPARTMENT OF DEFENSE WORKERS SORTING SCRAP METAL 

Exposure Scenario: Worker Exposures to Surface Soil and Fugitive Dust 

Case/Timing: Current Site Conditions 

Primary Activity: Sorting Scrap Metals 

Exposed People: D.0.D Workers, 18 to 65 years old 

Variable Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

ka 70 EPA, 1989a 

years 70 Assumed 

cm2 19400 EPA, 1989a 

Total Exposure Duration: 

Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion of Soil: 

hours/day 8 Assumed 

days/year 180 Estimate from Linda McCord 

years 35 Estimate from Linda McCord 

days 365 Standard 

Ingestion Rate ma/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 

(fraction) 

(fraction) 

Dermal Absorption of Soil: 

Soil Adherence ma/cm2 

Exposed Body Parts 
Fraction of Skin1 Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 

lnorganics 

(fraction) 
(fraction) 
(fraction) 
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100 

1 

0.3 

0.3 
1 

0.5 

0.19 

0.50 
0.05 
0.01 

Potential Exposure 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 

EPA, l989a 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-15 (continued) 
DEPARTMENT OF DEFENSE WORKERS SORTING SCRAP METAL 

Exposure Scenario: 

Case/Timing: 
Primary Activity: 

< 
Worker Exposures to Surface Soil and Fugitive Dust 

Current Site Conditions 
Sorting Scrap Metals 

Exposed People: D.0.D Workers, 18 to 65 years old 

Variable Units Values Notes 81 References 

Inhalation of Air: 

Inhalation Rate 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 

Lead 
Other lnorganics 

Ingestion of Groundwater: 

m3/hr 2.5 

ma/m3 0.018 

(fraction) 1 

(fraction) 0.42 

(fraction) 1 

Potentral Exposure 
fugitive dust 
EPA 1991 Default Agriculture setting 

EPA 1989 Air Quality in New England 

value from Waterford, CT. 

EPA, 1989b 

EPA, 1989~ 
EPA, 1989b 

No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

Dermal Absorption of Groundwater: 

1 EPA, 1989b 

1 EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/hr) 

0 

=* .,: .,‘.‘.‘... 
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TABLE 6-15 (continued) 
DEPARTMENT OF DEFENSE WORKERS SORTING SCRAP METAL 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Surface Soil and Fugitive Dust 

Current Site Conditions 
Sorting Scrap Metals 
D.0.D Workers, 18 to 65 years old 

Variable Units Values Notes & References . 

Ingestion of Sediments: 

Ingestion Rate ma/day 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 

Other lnorganics 

(fraction) 
(fraction) 
(fraction1 
(fraction) 

Dsrmel Absorption of Sediments: 

Sediment Adherence mg/cm2 

Exposed Body Patis 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Surface Water: .:. 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

No Potential Exposure 

0 

1 EPA, 1989b 
0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 198913 

No Potential Exposure 

0 

. . . . 

0 

0.50 
0.05 

0.01 

EPA, 19B9b 

EPA, 1989b 
Negligible; EPA, 1989b 

No Potential Exposure 

0 

1 EPA, 1989b 

? EPA, 1989b 
1 EPA, 1989b 

Exposed Body Parts 
Fraction of Totail (fraction) 

H== Skin Permeability Rate (cm/hr) 
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TABLE 6-16 -e 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

CURRENT CONDITIONS 

Exposure Scenario: Utilitv Worker Exposures to Soil, Fugitive Dust and Groundwa 

Case/Timing: Current Site Conditions 
Primary Activity: Underground Utility Repair in DRMO 

Exposed People: Naval Public Works Employees 18-65 years < 

Variable Units Values Notes & References < 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 
years 
cm2 

Total Exposure Duration: 
Daily Exposure Period 

Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 

days/year 1 

years 20 

days 365 

Ingestion of Soil: 

Ingestion Rate mgfday 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 
Lead 

Other lnorganics 

(fraction) 

(fraction) 
(fraction) 

(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

PHASE I RI NSB-WON 6-58 AUGUST 1992 

70 
70 

19400 

100 

1 

0.3 
0.3 

1 

0.5 

0.19 

0.50 

0.05 
0.01 

EPA, 1989a 
Assumed 

EPA, 19B9a 

Assumed 
WiIJ vary with each site: CHECK 

Assumed for Naval Public Works employee 

Standard 

Potential Exposure 

EPA, 1989b 

EPA, 1989b 

EPA, 1989b 
Value for Adults; EPA. 1989b 

EPA, 3989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

EPA, 1989b 
EPA, 1909b 
Negligible; EPA, 1989b 



TABLR Cl6 (continued) 
UTlLlTY WORRIER EXPOSED TO SOIIS AND GROUND WATJZR INDRMO UNDE32 

CURRENT CONDITIONS 

Exposure Scenario: 
Case/liming: 

Primary Activity: 

< 
Utility Worker Exposures to Soil, Fugitive Dust and Groundwa 

Current Site Conditions 
Underground Utility Repair in DRMO 

Exposed People: Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 4 

Inhalation of Air: 

Inhalation Rate m3hr 

PM 10 Concentration mg/m3 

Absorption Factor 

vocs, svocs (fraction) 
Lead 

.n 
(fraction) 

Other lnorganics (fraction) 

ingestion of Groundwater: No Potential Exposure 

Ingestion Rate I/day 

Absorption Factor 

vocs (fraction) 
svocs /fraction) 
lnorganics (fraction) 

Oermal Absorption of Groundwater: 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 

Potential Exposure 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/h4 

0 

1 

1 
1 

0.19 

head, arms. hands 

EPA, 1989a 
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3.9 

Potential Exposure 
fugitive dust and volatiles 
EPA, 1989a assuming heavy excercise 

0.09 GRI, 1987 

1 EPA, 1989b 

0.42 EPA, 1989~ 

1 EPA, 1989b 



TABLE 6-16 (continued) 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

CURRENT CONDITIONS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposed People: 

Utilitv Worker Exposures to Soil, Fugitive Dust and Groundwr- x 

Current Site Conditions -4 
Underground Utility Repair in DRMO 
Naval Public Works Employees 18-65 years < 

Variable Units Values Notes & References 4 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 

Other lnorganics 

Dermd Absorption of Sediments: 

Sediment Adherence 

Exposed Bodv Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 
svocs 
lnorganics 

Ingestion of Surface Water: 

Ingestion Rate 

Absorption Factor 
vocs 

svocs 
lnorganics 

mg/day 

(fraction) 
(fraction) 

(fraction) 
(fraction t 

mgkm2 

(fraction) 

(fraction) 

(fraction) 
(fraction) 

I/day 

(fraction) 

(fraction1 
(fraction) 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 

No Potential Exposure 

0 

1 EPA, 1989b 

1 EPA, 1989b 

1 EPA, 1989b 

.. ‘. . . 
Dermal Absor&n of S\irke W6ier:i::i-i. -;.,: .:,.;Y;,:;;:. ; ;j:-; ;: ;j’.:‘&Fotenti& Exposure. 

:, :. ‘.. :.:. : .:: ::. .; .: ,.:.,.: :y. . ..,. . . . . . . . :,: . . . . 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
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TABLE 6-17 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

FUTURE CONDITIONS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Worker Exposures to Soil, Fugitive Dust and Groundwater 

Future Site Conditions 
Underground Utility Repair in DRMO 
Naval Public Works Employees 18-65 years 4 

Variable Units Values Notes & References 4 

Physical Attributes of Population: 
Average Bodyweight kg 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 

I”. Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 
days/year 

years 
days 

8 Assumed 
1 Will vary with each site: CHECK 

20 Assumed for Naval Public Works employee 

365 Standard 

Ingestion of Soil: Potential Exposure 
: 

Ingestion Rate mglday loo EPA, 1989b 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 
Lead 
Other lnorganics 

(fraction1 
(fraction] 
/fraction) 

(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

DermaJ Absorption of So& 
.,. ,, ., 

,.Potenttal Exposure 

Soil Adherence mgicm2 0.5 EPA, 198913 

Exposed Bodv Parts 
Fraction of Skin Area Exposed (fraction) 

arms, hands, head 
0.19 EPA, 1989a 

Absorption Factor 

voes 
svocs 

/- lnorganics r 

(fraction) 

(fraction) 
(fraction) 

0.50 EPA, 19B9b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 198% 
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TABLE 6-17 (continued) 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

FUTURE CONDITIONS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Worker Exposures to Soil, Fugitive Dust and Groundwater 

Future Site Conditions 
Underground Utility Repair in DRMO 

Variable units Values Notes & References ( 

Inhalation of Air: 

inhalation Rate 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

m3/hr 3.9 

mg/m3 0.09 

(fraction) 1 

(fraction) 0.42 

(fraction) 1 

hlgestim of Groundwater: 

Ingestion Rate I/day 0 

Absorption Factor 
vocs (fraction) 1 
svocs (fraction) 1 
lnorganics (fraction) 1 

Oermai Absorption of Groundwater:. : .,,,:,, ‘:I, ,, . . .: :, 

Exposed Body Parts 
Fraction of Total (fraction) 0.19 

Skin Permeability Rate (cm/hr) 

Potential Exposure 
fugitive dust and volatiles 
EPA, 1989a assuming heavy excercise 

GRI, 1987 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

No. Potential Exposure 

EPA. 1989b 
EPA, 1989b 
EPA, 1989b 

.>. Potential Exposure 

head, arms. hands 

EPA, 1989a 

ti 
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TABLE 6-17 (continued) 
UTILITY WORKER EXPOSED TO SOILS AND GROUND WATER IN DRMO UNDER 

f”~ FUTURE CONDITIONS 

Exposure Scenario: Worker Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Site Conditions 
Primary Activity: Underground Utilitv Repair in DRMO 
Exposed People: Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Ingestion of Sediments: 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Oermal Absorption of Sediments: 

Sediment Adherence 

Exposed Body Parts 

Fraction of Skin Area Exposed 

Absorption Factor 
vocs 

svocs 

lnorganics 

Ingestion of Surface Water: 

Ingestion Rate 

Absorption Factor 
vocs 
svocs 
lnorganics 

mgiday 

(fraction) 
(fraction1 
(fraction) 
(fraction) 

mgicm2 

(fraction1 

(fraction) 
(fraction1 

(fraction) 

I/day 

(fraction) 
(fraction) 
(fraction) 

No Potential Exposure 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 

No Potential Exposure 

0 

1 EPA, 1989b 

1 EPA, 1989b 

1 EPA, 1989b 

Oermai Absorption of’siirrface Water: : .. :‘:.. :;.: : No Potential Exposure 
. . .: ,.,, :-’ I’:.:.. . . : :. I:‘. 

Exposed Bodv Parts 
Fraction of Total (fraction) 0 

my- Skin Permeability Rate (cm/hrI 
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TABLE 6-18 
FUTURE CONSTRUCTION OF HAZARDOUS WASTE STORAGE FACILITY 

< 
Exposure Scenario: Worker Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Site Conditions 
Primary Activity: Construction of Hazardous Waste Storage Facility 
Exposed People: Contracted Construction Worker 4 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 

Total Skin Area 

kg 70 EPA, 1989a 
years 70 Assumed 
cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day a Assumed 
days/year 80 5 dayslwk for 6 months 

years 1.5 Estimate given from the Shore Planner 

days 365 Standard 

Ingestion of Soil: 

ingestion Rate mg/dav 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 
Lead 

Other inorganics 

(fraction t 
(fraction) 

(fraction) 
(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 
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100 

1 

0.3 

0.3 
1 

0.5 

0.19 

0.50 
0.05 

0.01 

Potential Exposure 

EPA, 1989b 

::..,::. ..‘-4 
i . . . 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Potential Exposure 

EPA, 1989b 

arms, hands, head 

EPA, 1989a 

EPA, 1989b 
EPA, 19896 
Negligible; EPA, 1989b 



TABLE 6-18 (continued) 
FUTURE CONSTRUCTION OF HAZARDOUS WASTE STORAGE FACILXTY 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

4 

Worker Exposures to Soil, Fugitive Dust and Groundwater 

Future Site Conditions 
Construction of Hazardous Waste Storage Facility 
Contracted Construction Worker 1 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3hr 3.9 

Potential Exposure 
fugitive dust 
EPA, 1989a assuming heavy excer. 

PM1 0 Concentration mglm3 0.09 GRI, 1987 

:f-- 
Absorption Factor 

vocs, svocs (fraction) 1 EPA, 1989b 

Lead (fraction1 0.42 EPA, 1989~ 
Other inorganics (fraction1 1 EPA, 1989b 

Ingestion of Groundwater: .” 
,::.. -.:.: 

No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 

vocs 

svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

1 EPA, 1989b 

1 EPA, 1989b 

1 EPA, 1989b 

Oermai Absorption of Groundwater: .Potential Exposure 

Exposed Body Pans 
Fraction of Total (fraction) 0.19 

head, arms. hands 
EPA, 1989a 

Skin Permeability Rate (cm/hr) 
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TABLE 6-18 (continued) 
FUTURE CONSTRUCTION OF HAZARDOUS WASTE STORAGE FACILITY 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

7 

Worker Exposures to Soil, Fugitive Oust and Groundwater 

Future Site Conditions 
Construction of Hazardous Waste Storage Facility -hi+ 

Exposed People: Contracted Construction Worker 

Variable Notes & References 

Ingestion of Sediments: 

Ingestion Rate mg/dav 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Oermai Absorption of Sediments: 

Sediment Adherence m&cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction1 

Absorption Factor 

vocs 
svocs 
fnorganics 

(fraction) 

(fraction) 
(fraction) 

Ingestion of Surface Water: 

Ingestion Rate I/day 

Absorption Factor 
vocs 
svocs 
inorganics 

(fraction) 
(fraction) 
(fraction) 

Oermal Absoipth .oi Stidac;. Water: 1 :‘.I.,:_, ~.i.,::.,?:~ ‘..:::‘: 

Exposed Body Parts 

Fraction of Total (fraction) 

Skin Permeability Rate (cm/hrl 

No Potential Exposure 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults: EPA, l989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 

No Potential Exposure 

0 

1 EPA, 1989b 
1 EPA, 1989b 
1 EPA, 1989b 

: ..,.: ‘:‘. : y .: ,,.:,: :;..I .;.: : . . .\ . . . ..I’ ..’ .,, ,. ..,,. ,.;.. :. ..: ..: ::,:.:: . . . . .:. ._. .; Nci’.Ptit?ntial Eicosure 

0 

.,. ,: : . . 
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TABLE 6-19 
LEDYARD RESIDENTS INHALING FUGITIVE DUST FROM DRMO 

Exposure Scenario: Exposures to fugitive Oust 
Case/Timing: Current Site Conditions 
Primary Activity: Living in Area 
Exposed People: Ledyard Residents c 

Variable 

Physical Attributes of Population: 

Units Values Notes & References 

Average Bodyweight kg 70 EPA, 1989a 
Average Lifetime years 70 Assumed 
Total Skin Area cm2 19400 EPA, 1989a 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

-c” 
Ingestion of Soil: 

hours/day 24 

days/year 350 
years 30 
days 365 

EPA 1991 Default 
upper bound at one residence 
Standard 

: No Potential Exposure 

Ingestion Rate mglday 

Absorption Factor 

VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

Dermal Absorption of Soil: 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

No Potential Exposure 

Soil Adherence mglcm2 

Exposed Body Parts 

Fraction of Skin Area Exposed (fraction) 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

0 

1 

0.3 
0.3 

1 

0 

0 

0.50 
0.05 
0.01 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-19 (continued) 
LEDYARD RESIDENTS INHALING F’C’-:;TIVE DUST FROM DRMO 

Exposure Scenario: 
Case/liming: 

Primary Activity: 

Exposures to Fugitive Dust 
Current Site Conditions 

Living in Area 

Variable Units Values Notes & References 

.: . . 

‘Potential Exposure 
.; 

.:. 

fugitive dust 
EPA, 1989 Default 

Hanna et al. 1982 

Inhalation of Air: 

Inhalation Rate 

PM 10 Concentration 

Absorption Factor 
vocs, svocs 
Lead 
Other lnorganics 

m3/hr 0.8 

mglm3 0.0006 

(fraction) 1 

(fraction) 0.42 

(fraction) 1 

Ingestion of Groundwater: 

Ingestion Rate I/day 0 

Absorption Factor 
vocs (fraction) 1 
svocs (fraction) 1 
lnorganics (fraction) 1 

Dermal Absorption of Groundwater: 
: 

Exposed Body Parts 
Fraction of Total 

Skin Permeabilitv Rate 

(fraction) 

(cm/hrl 

0 

,Not Associated with Site 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

,. ::: . . 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 
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TABLE 6-19 (continued) 
LEDYARD RESIDENTS INHALIN G FUGITIVE DUST FROM DRMO 

r- Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed Peopla: 

Exposures to Fugitive Dust 

Current Site Conditions 
Living in Area 

Variable Units Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mglday 0 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
/fraction) 

1 

0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1909b 

Dermal Absorption of Sediments: No Potential Exposure 

Sediment Adherence mg/cm2 0 

Exposed Body Pam 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 

vocs 
svocs 

lnorganics 

(fraction) 
(fraction) 

(fraction1 

0.50 
0.05 

0.01 

EPA, 1989b 

EPA, 198913 
Negligible; EPA, 1989b 

Ingestion of Surface Water: No’ Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

:-,. 
..:. 

. . . . . 

()&a! Absorp&i &f: ~&&+3Ji;&; :’ .:’ ..’ i :‘ik. “1 I:,: 
.: ,. ..;..:.: .,.,.. -.;:.: j:...: ..\_) ::: .....:~~.~~~.:~....:-.. ..-.-... . . . . . . . . . .A.... . . . ./ ,., c::. ., ::: i ( .: ..,:.- :...::.,. ., ..i...._.,.i,.,.,.,.,. . . . . 

.‘i”:. :..I. .::I ,i ..: &&&f&jt;ii Exijo;s;u& “. ‘;.,..: ., :. :,:,, j:i,::.‘,-:-“:.fj(Ljjis::Pi:j:.~~iA,:,l . . . .: . . . . ..:. 
..;...:-.:“‘j.: .:y .’ . . . . . . : ..:.. ,,. :y.:..i:: j ,,, ,,...... 

Exposed Body Parts 
Fraction of Total (fraction) 0 

Skin Permeability Rate (cm/hr) 
-- r 
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TABLE 6-20 
W-BASE CHILDREN EXPOSED TO FUGITIVE DUST FROM DRMO AND AREA A +a 

LANDFILL 

Exposure Scenario: Exposure to Fugitive Dust from ORMO & Area A Landfill 
CaseAiming: Current Site Conditions 
Primary Activity: Subase Children living in Base Housing 
Exposed People: Young children from 6-9 years old living on Subase 

Physical Attributes of Population: 
Average Bodyweight 

Average Lifetime 
Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 

Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion of Soil: 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

Dermd Absorption of Soil: 

Soil Adherence 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 
svocs 
lnorganics 

kg 25 
years 70 
cm2 930 

hours/day 24 
days/year 350 
years 6 
days 365 

mg/day 0 

(fraction) 1 

(fraction) 0.3 
/fraction) 0.3 
(fraction) 1 

mg/cm2 0 

(fraction) 0 

(fraction) 
(fraction) 
/fraction) 

EPA, 1989a mean age 7 < 8 years 
Assumed 
EPA, 1989a mean age 6 < 9 years 

Assumed 
EPA 1991 Default 

Assume Reassigned Tour of Duty 
Standard 

got considered as Step II site .“. -‘i;:-,‘~i;’ 

%I@ 

EPA, 1989b 
EPA, 1989b 

Value for Adults; EPA, 1989b 

EPA, 1989b 

Not considered as Step II site 

EPA, 1989a 

0.5 EPA, 1989b 
0.05 EPA, 1989b 
0.01 Negligible; EPA, 1989b 
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TABLE 6-20 (continued) 
SUBASE CHILDREN EXPOSED TO F’UGITIVE DUST FROM DRMO AND AREA A 

LANDFILL 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 

Exposure to Fugitive Oust from DRMO & Area A Landfill 

Current Site Conditions 
Subase Children living in Base Housing 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate 

PM 10 Concentration 

Absorption Factor 
f--x vocs, svocs 

Lead 
Other lnorganics 

m3/hr 

mgfm3 

(fraction) 
(fraction1 
(fraction1 

Ingestion of Groundwater: 

Ingestion Rate I/day 

Absorption Factor 

vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

Dsrmai Absorption of Groundwster: 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

(cm/hrI 

0.8 

Potential Exposure 

EPA, 1991 Default 

4.07E-06 Modeled 

1 EPA, 1989b 
0.42 EPA, 1989~ 

1 EPA, 1989b 

.. 

0 

0 

No Potential Exposure 
. . ,.. ..> 

EPA, 1989b 
EPA, 1989b 
EPA, 1989b 

No Potential Exposure 
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TABLE 6-20 (continued) 
SUBASE CHILDREN EXPOSED TO FUGITIVE DUST FROM DRMO AM) AREA A 

LANDFILL 

Exposure Scenario: Exposure to Fugitive Dust from DRMO & Area A Landfill 

Casemiming: Current Site Conditions 
Primary Activity: Subase Children living in Base Housing 

-e 

Variable Units Values Notes & References 

Ingestion of Sediments: No Potential Exposure 

Ingestion Rate mg/day 0 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA. 1989b 

Dermal Absorption of Sediments: No Potential Exposure 

Sediment Adherence mg/cm2 0 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 

(fraction) 

(fraction) 

0.5 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 

lfractionl 
(fraction) 

1 EPA, 1989b 

1 EPA, 1989b 
1 EPA, 1989b 

D8rmd Abjo;p&&i &jd8& .@@;;:‘; : ; I...: ,:.,.I :;. : : -‘i:>t$T.j;.;,-j;;: :.I i.I,:;:~r;::,:5.i.I,::l,l.:.~~~‘Pd;tB~~~I..~~~osur8 
i. . . ,. . . . . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . . . ,. . . . . .._../. . 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 0 
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TABLE 6-21 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

VAULTS 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 

Case/Timing: Current Site Conditions 
Primary Activity: Utility Repair in Lower Subase vaults 
Exposed People: Naval Public Works Employees la-65 years 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 

Average Lifetime 

Total Skin Area 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 

Average Lifetime Exposure 
Yearly Averaging Period 

Ingestion of Soii: 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 

Lead 
Other lnorganics 

Dormal Absorption of Soil: 

Soil Adherence mgIcm2 

Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 
svocs 
lnorganics 

kg 70 EPA, l989a 

years 70 Assumed 

cm2 19400 EPA, 1989a 

hours/day a 
days/year 3.5 
years 20 
days 365 

Assumed 
Estimate for Naval Subase Stats 
Assumed for Naval Public Works employ88 

Standard 

.. 

(fraction) 
(fraction) 

(fraction) 

(fraction) 

(fraction) 

(fraction) 
(fraction) 
(fraction) 

100 

1 

0.3 
0.3 

1 

0.5 

0.19 

0.50 
0.05 
0.01 

Potential Exfidsure 

EPA, l989b 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

P0t&tiai Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 
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TABLE 6-21 (continued) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

VAULTS 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Current Site Conditions 
Primary Activity: Utility Repair in Lower Subase vaults 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rat8 m3/hr 

PM 10 Concentration mg/m3 

Absorption Factor 

vocs, svocs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

Ingestion of Groundwatar: 

Ingestion Rate l/day 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 

Oermal Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/TM 
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0 

0 

1 

0.42 
1 

0 

0.19 

No Potential Exposure 
‘.’ 

VOCs were not detected in soil gas 

EPA, 1989b 
EPA, 1989~ 
EPA, 1989b 

Not Sufficient Exposure Pathway 

Id 

EPA, 1989b 
EPA, 1989b 

EPA, 1989b 

Potential Exposure 
leakage through walls of some vaults 

head, arms. hands 
EPA, 1989a 



TABLE 6-21 (continued) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

VAULTS 

Exposure Scenario: 
Case/Timing: 
Primary Activity: 
Exposed People: 

Exposures to Soil, Fugitive Dust and Groundwater 
Current Site Conditions 
Utility Repair in Lower Subase vaults 
Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Ingestion of Sediments: 

Ingestion Rate 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

Dsrmai Absorption of Sediments: 

Sediment Adherence 

F- 
Exposed Body Parts 
Fraction of Skin Area Exposed 

Absorption Factor 

vocs 
svocs 
lnorganics 

Ingestion of Surface Water: 

Ingestion Rate 

Absorption Factor 
vocs 

svocs 
lnorganics 

mg/dav 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

mg/cm2 

(fraction) 

(fraction) 

(fraction) 
(fraction) 

0.50 EPA, 1989b 

0.05 EPA, 1989b 

0.01 Negligible: EPA, 1989b 

I/day 0 

(fraction) 
(fraction) 

(fraction) 

No Potential Exposure 

0 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults: EPA, 1989b 

1 EPA, 1989b 

No Potential Exposure 

0 

0 

No Potential Exposure 

1 EPA, 1989b 

1 EPA, 1989b 

1 EPA, 1989b 

Darmai Absorptionof Surface Water:- .! :.. No Potential Exposure 

Exposed Body Parts 
Fraction of Total (fraction) 0 

-- Skin Permeability Rate (cm/M 
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TABLE 6-22 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

Exposure Scenario: Exposures to Soil, Fugitive Oust and Groundwater 
Case/Timing: Current Site Conditions 
Primary Activity: UtilitY Repair in Lower Subase 
Exposed People: Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

kg 70 EPA, 1989a 

years 70 Assumed 

cm2 19400 EPA, 1989a 

Total Exposure Duration: 

Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 
Yearly Averaging Period 

hours/day 8 
days/year 3.5 

years 20 
days 365 

Ingestion of Soil: 

Ingestion Rate mg/dav 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 

Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

(fraction) 

Dermal Absorption of Soil: 

Soil Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 

(fraction) 
(fraction) 
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100 

1 

0.3 
0.3 

1 

0.5 

0.19 

0.50 

0.05 
0.01 

Assumed 
Estimate from Naval Subase Stats 
Assumed for Naval Public Works employee 

Standard 

Potential Exposure 

EPA, 1989b 

EPA, 1989b 

EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

. . 
Potential Exposure 

EPA, 1989b 

arms, hands, head 
EPA, 1989a 

EPA, 1989b 

EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-22 (continued) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Current Site Conditions 
Primary Activity: Utility Repair in Lower Subase 
Exposed People: Naval Public Works Employees 18-65 years 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3/hr 3.9 

Potential Exposure 
fugitive dust 
EPA, 1989a assuming heavy excercise 

PM 10 Concentration mglm3 0.09 GRI, 1987 

Absorption Factor 
/? vocs, svocs 

Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 

0.42 EPA, 1989~ 
1 EPA, 1989b 

Ingestion of Groundwater: 
:j:..: .,. ..: . . ,.> :, ,.; _. No Potential Eirposure ’ . . . 

Ingestion Rate l/day 0 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 

(fraction) 

(fraction) 

1 EPA, 1989b 

1 EPA, 1989b 

1 EPA, 1989b 

Oermal Absorption of Groundwater: ,,, Potential Exposure 

Exposed Body Parts 

Fraction of Total (fraction) 

head, arms. hands 

0.19 EPA, 1989a 

Skin Permeability Rate (cm/hr) 
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TABLE 6-22 (continued) 
UTILITY WORKER EXPOSURES TO SOILS AND GROUND WATER IN LOWER SUBASE 

Exposure Scenario: 
CsseCTiming: 
Primary Activity: 
Exposed People: 

Exposures to Soil, Fugitive Dust and Groundwater 

Current Site Conaltions 
Utility Repair in Lower Subase 
Naval Public Works Employees 18-65 years 

Variable Units Values Nc:es & References 

Ingestion of Sediments: 

Ingestion Rate mglday 

Absorption Factor 
VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 
(fraction 1 
(fraction) 

Dermal Absorption of Sediments: 

Sediment Adherence mg/cm2 

Exposed Body Parts 
Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction1 

Ingestion of Surface Water: 

Ingestion Rate l/day 

Absorption Factor 
vocs 

svocs 
lnorganics 

(fraction) 
(fraction) 
(fraction) 

No Potential Exposure 

0 

1 
0.3 
0.3 

1 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

No Potential Exposure 

0 

0 

0.50 
0.05 

0.01 

0 

EPA, 1989b 
EPA, 1989b 
Negligible; EPA, 1989b 

No Potential Exposure 

EPA, 1989b 

EPA, l989b 
EPA, 1989b 

Oermd &so&& ~~~Su+f&~ *#&yl’; 
..:. .: .:. ..j . . . . ../ ,,,,:.:~.‘,::,... ., ,.,. 

.ry: .I::],::.,,:: .:. . . 1. 
..: :. 

;,I;..: . @@:F@teritial Exposure 
:. 

Exposed Body Parts 
Fraction of Total 

Skin Permeability Rate 

(fraction) 

icmihr) 

0 
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TABLE 6-23 
FUTURE CONSTRUCTION OF BUILDINGS IN LOWER SUBmE 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Conditions 
Primary Activity: Construction of Buildings 
Exposed People: Contracted Construction Worker 

Variable Units Values Notes & References 

Physical Attributes of Population: 
Average Bodyweight 
Average Lifetime 
Total Skin Area 

years 
cm2 

Total Exposure Duration: 
Daily Exposure Period 
Exposure Duration 
Average Lifetime Exposure 

:- 
Yearly Averaging Period 

Ingestion of SoiI: 

hours/day 8 
days/year 80 
years 1.5 
days 365 

ingestion Rate mQ/dav 

Absorption Factor 

VOCs, PAHs 
Other SVOCs 
Lead 
Other lnorganics 

(fraction) 
(fraction) 

(fraction) 
(fraction) 

Dermd Absorption of Soil: 

Soil Adherence mgIcm2 

Exposed Body Parts 

Fraction of Skin Area Exposed (fraction) 

Absorption Factor 
vocs 
svocs 
lnorganics 

{fraction) 
Ifraction) 
(fraction) 
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70 
70 

19400 

100 

1 

0.3 
0.3 

1 

0.5 

0.19 

0.50 
0.05 
0.01 

EPA, 1989a 
Assumed 
EPA, 1989a 

Assumed 
5 dayslwk for 6 months 
Estimate given from the Shore Planner 

Standard 

Potential Exposure 

EPA, 1989b 

EPA, 1989b 
EPA, 1989b 
Value for Adults; EPA, 1989b 

EPA, 1989b 

Potential Exposure 

EPA, l989b 

arms, hands, head 

EPA, 1989a 

EPA, l989b 
EPA, 1989b 
Negligible; EPA, 1989b 



TABLE 6-23 (continued) 
FUTURE CONSTRUCTION OF BUILDINGS IN LOWER SUBASE 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Conditions 
Primary Activity: Construction of Buildings 

Contracted Construction Worker 

Variable Units Values Notes & References 

Inhalation of Air: 

Inhalation Rate m3ihr 

PM1 0 Concentration mgIm3 

Absorption Factor 
vocs, svocs (fraction) 
Lead (fraction) 
Other lnorganics (fraction) 

Ingestion of Groundwater: ” .’ 

Ingestion Rate I/day 

Absorption Factor 
vocs (fraction) 
svocs (fraction) 
lnorganics (fraction) 

Dermel Absorption of Groundwater: 

Exposed Body Parts 
Fraction of Total (fraction) 

Skin Permeability Rate (cm/hr) 

3.9 

0.09 

1 

0.42 
1 

0 

1 

1 

1 

. . . 

0.19 

Potential Exposure 
fugitive dust 
EPA, 19’:3a assuming heavy excercise 

GRI, 1987 

EPA, 1989b 

EPA, 1989~ 
EPA, 1989b 

--k# 

No Potential Exposure 

EPA, 1989b 

EPA, 1989b 

EPA, 1989b 

Potential Exposure 

head, arms. hands 

EPA, 1989a 
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TABLE 6-23 (continued) 
FUTURE CONSTRUCTION OF BUILDINGS IN LOWER SUBASE 

d== 

Exposure Scenario: Exposures to Soil, Fugitive Dust and Groundwater 
Case/Timing: Future Conditions 
Primary Activity: Construction of Buildings 
Exposed People: Contracted Construction Worker 

Variable 

Ingestion of Sediments: 

Units Values Notes & References 

No Potential Exposure 

Ingestion Rate mg/dav 0 

Absorption Factor 
VOCs, PAHs 

Other SVOCs 
Lead 
Other lnorganics, 

(fraction) 
(fraction) 
(fraction) 
(fraction) 

1 EPA, 1989b 

0.3 EPA, 1989b 

0.3 Value for Adults; EPA, 1989b 

1 EPA, 1989b 

Oermel Absorption of Sediments: . . No Potential Exposure . . 

Sediment Adherence mg/cm2 0 

18% 
Exposed Bodv Parts 
Fraction of Skin Area Exposed (fraction) 0 

Absorption Factor 

vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

0.50 EPA, 1989b 
0.05 EPA, 1989b 

0.01 Negligible; EPA, 1989b 

Ingestion of Surface Water: No Potential Exposure 

Ingestion Rate I/day 0 

Absorption Factor 
vocs 
svocs 
lnorganics 

(fraction) 
(fraction) 

(fraction) 

1 EPA, 1989b 

1 EPA, 1989b 
1 EPA, 1989b 

Exposed Body Parts 
Fraction of Total (fraction) 0 

=- Skin Permeability Rate (cm/hrI 
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l Utility Worker Exposures to Soils and Ground Water in Lower Subase Vaults; 

l Utility Worker Exposures to Soils and Ground Water in Lower Subase; 

l Future Construction of Buildings in Lower Subase. 

Utility maintenance is an ongoing activity within the Lower Subase. During manhole 
inspection, visible oil was observed in some incidences. Enclosed trenches (concrete vaults) 
contain fuel lines, and steam condensate lines. The average depth of trenches are three feet, but 
some of the trenches are seven feet deep. Sediment or water was sometimes observed in the 
concrete vaults. Evidence of water suggests cracks within vaults allowing either seawater or 
ground water intrusion. Some of the utility lines are buried just inches below the ground 
surface, but others are 15 feet deep. The ground water table is present between six to ten feet 
below the surface. Therefore, contact with subsurface soil and ground water at depths of 15 feet 
is possible during utility repair and construction. 

A full-time military staff occupies the Lower Subase. Therefore, the possibility of VOCs 
intruding into the buildings and concrete vaults was examined. A soil gas survey was performed 
to confirm the low detection of VOCs in subsurface soil and ground water (Section 4.0). More 
than half of the samples did not detect VOCs, and in most cases only trace to low levels of 
VOCs were found. Based on these findings, inhalation of VOCs by military administrative staff 
or laborers was not considered a potential exposure route and has not been included in the 
exposure scenarios for the Lower Subase. 

Fiihine or Shellfishing in Thames River 

Potential risks to individuals who may recreationally fish or shellfish in the Thames River 
are not explicitly considered in this assessment. Information presented elsewhere in this 
document suggests the site may discharge chemicals in ground water and via streams draining 
the Area A region of the site. In general, it is anticipated that these discharges will be diluted 
greatly by tidal mixing in the river. Estimates of near-field dilution suggest that exposure 
concentrations will be quite small. 

In order to establish if compounds of interest are being bioaccumulated in marine animals 
that might be ingested by humans, it is recommended that this potential exposure route be 
examined directly rather than speculating on the potential for such bioaccumulation. 

The water quality sampling in the river did indicate the presence of elevated manganese 
levels within the Thames River at the outlet of Area A watercourses. The manganese 
concentrations at surface water sample locations (2DSW12 and 2DSW13) within Thames River 
exceeded the EPA Water Quality Criterion for Manganese (100 ug/f). This human health 
criterion is for the protection of human consumption of marine shellfish. In Section 4.0, the 
manganese concentration at 2DSW12 was detected at 115 ug/l which is slightly above the 
criterion. At 2DSW13 manganese was detected at 589 ug/l. These surface water sample 
locations are approximately ten feet away from the discharge points (outfalls) of the Area A 
Downstream Watercourses. Upstream surface water samples in the river, 6SWl and 8SW1, did 
not contain elevated manganese levels. Periodic or continuous discharges from the outfalls may 
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be responsible for the localized elevated manganese levels at 2DSW12 and 2DSW13. The 
human health criterion of 100 ug/l was exceed for 13 out of 15 surface water samples within 
Area A Downstream Watercourses as stated in Section 4.0. Further seasonal sampling is 
suggested at 2DSW12 and 2DSW13 to identify the source of manganese and verify if a potential 
health risk is apparent. Discussion of the possible source of manganese is presented in Section 
4.0. 

6.2.3 Ouantification of Exuosure 

6.2.3.1 Ster, I Sites 

Data on chemical concentrations in Step I sites are reviewed to provide a qualitative basis 
for evaluating exposure. 

Construction Battalion Unit (CBUI Drum StoraPe Area 

Concentrations of compounds at this site do not indicate the presence of contamination 
that might result in exposure. 

Rubble Fill at Bunker A-86 

The semi-volatile analysis of a surface soil composite sample revealed elevated PAH 
concentrations. The detected PAH concentrations were significantly above ambient PAH levels 
in urban soils (Menzie et al., 1991). The same composited surface soil sample contained a high 
concentration of arsenic (127 ppm); a moderate contamination of methoxychlor (370 ppb) and 
a low concentration of Delta-BHC (42 ppb). However, the detected pesticides are different than 
those pesticides which have been detected at NSB-NLON. These levels of contaminants might 
indicate localized contamination or contamination over a more widespread area. Thus there is 
potential for exposure to contaminants at this site. 

Toruedo Show 

The Torpedo Shop buildings are not part of the study area. Sampling was limited to 
septic system leaching field. Methylene chloride, acetone and 2-butanone were detected in the 
subsurface, soil at this location. These compounds are typically used as solvents and their 
presence could be associated with torpedo maintenance work. Benzene was detected at a very 
low level (4 ppb) in one subsurface soil sample. Generally low levels of VOCs were detected 
by soil gas measurements within the septic system, except for one location where elevated level 
were recorded. 

Low levels of PCBs and DDE were detected in two separate locations. Low 
concentrations of VOCs, semi-volatiles and antimony, were detected in subsurface soils near the 
septic systems which are at remote locations with respect to the torpedo shops. Antimony was 
detected above established background levels. 

Only one surface soil sample (well location 7MWl from a depth of O-2 feet) was 
collected in the former septic leaching field. Surface runoff from the site flows southwest to 
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drainage swales and storm sewers located on the south side of Buildings 325 and 450. 

Antimony exceeded USEPA health advisory by 20 times within one ground water * 
monitoring well: Several VOCs were detected in the overburden ground water system, but at 
levels below drinking water standards. Their source has not yet been identified. Chlorinated 
compounds were absent in an upgradient bedrock monitoring well (7MWl). 

Utility lines are buried five to six feet below the surface. Therefore, during outside 
utility repair work, exposures to subsurface soil and ground water cc?taminants are possible. 
The ground water table is approximately five to six feet below the ground surface. 

Goss Cove Landfill 

VOCs were detected in soils and they included toluene (18,000 ppb maximum) and 
xylene (23,000 ppb maximum). None of the test boring or monitoring well locations were 
directly adjacent to the Nautilus museum, but VOCs were detected in landfill material and 
shallow ground water within the parking lot area. VOC constituents detected in ground water 
included vinyl chloride (5 ppb), xylene, ethylbenzene, and toluene. The presence of VOCs in 
landfill material and ground water suggests the potential for the lateral migration of vapors 
towards the museum. 

Pesticides, 4,4’DDE (11,000 ppb maximum) and 4,4 DDT (34,000 ppb maximum) were 
found at elevated levels. Elevated levels of arsenic, silver, lead, cadmium, chromium, and 
mercury were detected in one sample from test boring (8TBl). PAHs were observed at higher 
concentrations in soil than any other site at NSB-NLON. PAH concentrations could be related 
to the landfii material or presence of petroleum contamination. The presence of sub-surface 
contamination indicates the potential for exposure at this site during excavation or construction 
activities. 

The sediment and surface water within Goss Cove has not been sampled. 

Over Bank Disposal Area Northeast fOBDANE 

Naturally occurring chemicals were observed at ambient levels. Anthropogenic chemicals 
were not found. The potential for exposure seems limited in this area. 

SDent .&id Storape and Dimosal Area 

Since the site is paved, the only medium sampled was subsurface soil. Lead 
contamination was found in subsurface soil. Below four feet from the surface, lead levels 
decrease with depth. The lateral extent of contamination is not well characterized. Based on 
current laboratory data, soil in this area would need to be handled as hazardous waste. 

There is a potential for exposure at this site during soil excavation or construction 
activities. 
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!I” Former Gasoline Station 

No chemical constituents were detected at significant concentrations; all were detected 
below ARARR’BC values. Since the site is paved, the only activity which offers the potential 
for exposures to subsurface soil is utility work. 

6.2.3.2 Ster, II Sites 

Analytical data for the Area A Landfill, Over the Bank Disposal Area, DRMO, and the 
Lower Subase were used to develop exposure point concentrations @PCs) for quantitative risk 
assessment for the scenarios identified in Section 6.2.2. To estimate the range of EPCs 
corresponding to an exposure route, the arithmetic average exposure point concentration of a 
compound of interest within a particular medium was used to represent the nominal case while 
the maximum exposure point concentration was used as an upper bound. Using the average and 
maximum exposure point concentrations, the daily doses through an exposure route were 
estimated. Values reported as non-detected were included in the calculation of the mean 
concentrations as discussed in Section 6.1. 

The EPCs used in the quantitative risk assessment are presented in tables in Appendix 
E. In most cases the concentrations are based on measured values in soil, sediment, or water. 
However, in some cases, values are derived by modeling one or more exposure pathways. 
Special data handling issues or the use of models are described below. 

n 
: 

EPCs for Children Swimminp at North Lake 

During sampling conducted on April 24, 1990 by the Navy, an elevated level of mercury 
was detected in the beach sand of North Lake. However, the presence of mercury was detected 
only once and more recent analyses of the beach sand have not detected mercury. Past sampling 
is discussed in Section 1 .O. Table l-6 presents North Lake surface water and sediment/beach 
sand analytical data. 

One surface water and one sediment sample (2DSD/SWlO) within North Lake were 
collected d.uring the most recent sampling round. Surface soil in picnic area, and beach sand 
were not tested around North Lake as part of our sampling effort. Thus, an evaluation of risks 
is based on historical data not collected or analyzed under strict CLP protocols. Tables in 
Appendix E, entitled Historical North Lake Laboratory data, present the results used to derive 
the surface water and sediment exposure point concentrations. Because historical data have been 
used, the EPCs may not reflect current conditions. 

EPCs for PAHs in Soils of the Lower Subase 

Semi-volatile compounds were not analyzed for soils of the Lower Subase. Therefore, 
possible PAH content in the soil was estimated using the total petroleum hydrocarbon and 
fluorescence spectroscopy data (refer to Tables 4-53 & 4-54). Because PAHs are present within 
petroleum products and because oil sheens, visible product and petroleum odors have been 
observed in some manholes along with confirmatory TPH detection in surrounding soil, it is 
reasonable to expect that PAHs are present in the soils. Petroleum product in the soil has been 
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characterized as No. 2 and No. 6 fuel oils. Discussion of nature of the petroleum contamination 
is presented in Section 4.13. PAH concentrations in subsurface soil were estimated by applying 
known PAH percentages in No. 6 and No. 2 fuel oils and assuming that the volatile portion of 
the fuel oils is absent (Tables 6-24 to 6-26). The latter assumption is based on very low levels 
of VOCs detected in subsurface soil. 

EPCs in Soil via Fupitive Dust 

Analytical models were used to estimate concentrations of fugitive dusts. These models 
incorporate simplifying assumptions to estimate the EPCs for contaminants associated with 
suspended dusts in air. 

EPCs for Activities Involviw Excavation 

Fugitive dust levels to which the base personnel and independent construction workers 
are exposed were estimated by multiplying an estimated PM10 concentration (0.09 mg/m3) by 
the mean of the soil EPC for the nominal case and by the maximum soil EPC for the upper 
bound case. Only surface soil samples (0 - 2 feet) were used in the calculation of fugitive dust 
EPCs. The PM10 designation is defined as the airborne particulate matter that is less than 10 
urn in diameter. The PM10 measurement is the airborne particulate concentration expressed in 
mg/m3. A PM10 value of 0.09 mg/m3 is used for the soil excavation activities because it is 
about twice the annual average maximum recorded in New England and is also a conservative 
estimate for a site with limited excavation (GRX, 1987). 

EPCs Under Ambient Conditions 

To assess fugitive dust exposures under ambient conditions an ambient particulate 
concentration (PMlO) was chosen from data presented in a recent USEPA Region I document 
produced by the Ambient Air and Emissions Monitoring Section (1989 Annual Report on Air 
Quality in New England). The nearest air quality monitoring station to NSB-NLON is located 
in Water-ford, Connecticut in New London County. The 1989 mean PM10 concentration at this 
station was 0.018 mg/m 3. By using this PM10 value, an overly conservative estimate is derived 
for the site if we assume that all fugitive dust is generated on the site. The estimate is 
conservative because some of the suspended particulate is generated off the Subase and 
represents the background level. Therefore the actual PM10 concentration attributed to routine 
conditions at the site is less than 0.018 mg/m3. 

Modeled EPCs at Locations Distant from Sites 

At locations away from the Step II sites, analytical models were used and applied on a 
site-specific basis. These models incorporate wind rose data for the coastal region of 
Connecticut. A wind rose is a pie chart which displays wind data in terms of percent frequency 
for direction and velocity. Annual wind roses representing the years 1986, 1987 and 1988 at 
Sikorsky Memorial Airport in Stratford, Connecticut were obtained from the Connecticut DEP 
Air Modeling Division. CTDEP air modelers suggested these wind roses as appropriate because 
this site is coastal. 
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TABLE 6-24 
FRESH AND ESTIMATED WEATHERED COMPOSITION OF NO. 2 FUEL OIL 

Fresh Nonvolatile 

Material I1 I Material (21 

Percent Composition by Weight 
61.60% 66.90% humcod Cornpam& 

~pardfinn 
ClO+cll 

Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl6 
ClS 
c20 
CZ? 
c22 
C23 
C24 
C25 
C26 
C27 
C26 
c29 
c30 

c31 
C32 

Isopardmn 
1 -ring cyclopawffinr 
z-ring cyclopardflM 
3-ring CVdO&WdfiM 

Cling cycloporrffinr 
S-ring cyclapwdfin~ 
S-ring cyclopwatftna 

Indane~ l d tetrdmr 
Dinaphthenobenzener 
Naphthdener 

Methy(naphthdrnor 

DimethylnaphthJenes 
Other napthdmner 
Acrn~hthnnor 
Aconaphthdww 
Phenanthrrnw 

PpMO 

Fluoranthene 

9enzmthrecme 
Chrylena 
8enzo(~)pyPsne 
8enzo~dpyrms 
8onzothiophonem 
Dibenrothiophonos 
Totd romivdatilo aromatics I 
Pdw Materi& 
Lnoftlbh 

Volatile Aromstic portion = 

conpow& 

1.26% 
0.64% 
0.96% 
1.03% 
1.13% 
1 .osw 
0.65% 
0.55% 
0.33% 
0.16% 
0.09% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

22.30% 
17.50% 
9.40% 
4.50% 
0.00% 
0.00% 
0.00% 

10.30% 
7.30% 
4.60% 

0.20% 
2.10% 

3.20% 
0.40% 
3.90% 
5.40% 
0.00% 

O.oQ4% 
0.004% 
O.ooo% 

O.ooo% 
O.ooo% 
O.ooo% 
0.90% 
0.00% 

27.90% 

TOtd= 

1.070% 
1.148% 

1.260% 
1.171% 
0.725% 
0.613% 
0.368% 
0.201 Y 
0.100% 
O.ooo% 
0.ooo% 
0.000% 
0.ooo1 
O.ooo% 
O.ooo% 
O.ooo% 
O.ooo% 
0.ooo% 

O.ooo% 
0.ooo% 

24.861% 
19.509% 
10.479% 

5.017% 

0.ooo% 
O.ooo% 
O.ooo% 

36.20% 42.59% 

8.14% 
5.13% 
0.22% 

2.34% 

3.57% 
0.45% 
4.24% 
6.02% 
0.00% 
0.00% 

O.oO41% 
0.0001% 

O.o002% 
O.oool% 
0.oooo1 

1 .Oo% 
0.00% 

O.ooo% 0.000% ‘(3) 
O.ooo% O.ooo% 
100.00% 
10.30% 

jTotd assuming voletilss aromatics l ra &rent - 89.70% 

(1) Frerh ownpomition ir taken from Oil in the Soa (NM. 19851 
(21 Assuming the 21 Fuel Oil in the roil is weathered and does not contain volatile fraction @TX). 
(31 Assuming polar materid fraction ir not volatile 
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TABLE 6-25 
FRESH AND ESTIMATED WEATHERED COMPOSITION OF NO. 6 FUEL OIL 

-# 
FIO8h Weathered 

Materid (11 Material (2) 

Percent Composition by Weight 

Cl3 

Cl4 

Cl5 

Cl6 

Cl7 

ClS 

Cl9 

C20 

c21 

c22 

c23 

C24 

C25 

C26 

C27 

C28 

c29 

c30 

c31 

C32 

Isopudfhs 

l-ring cycbpuoffina 

t-ring cydopuaflins 

j-ring cydopudfins 

+ling cyclopuaffins 

54ng cyclopuafflns 

6-M-q cyclopudfins 

wnacia 

IUUWS 

Imsn md trtmlinr 

uphthenob*nzrnoa 

IthylnaphthaIme8 

snmphthenes 

sruphthalmos 

mmthroner 

‘OnsS 

ormthefw 

umnthrocms 

YI.cw 
uo(~)pyruls 

uowpynn 

uothiophmss 

snzothiophmos 

individud 
compou?d.s 

0.07X 

0.11% 

0.12% 

0.14% 

0.15% 

0.12% 

0.14% 

0.12% 

0.11% 

0.10% 

0.09% 

o.oaw 
0.07% 

0.05% 

0.04% 

0.05% 

0.04% 

0.04% 

0.04% 

0.05% 

5.00% 

330% 

3.40% 

2.00% 

2.70% 

1.00% 

0.40% 

130% 

2.10% 

2.00% 

2.60% 

3.10% 

7.00% 

11.50% 

1.70% 

0.02% 

0.009% 

0.020% 

0.004% 

0.001% 

1.50% 

0.70% 

30.30% 

Totd - 
Vohtilo Aromatic portion - 

21.10% 21.96% 

34.20% 

0.073% 

0.114% 

0.125% 

0.146% 

0.156% 

0.125% 

0.145% 

0.125% 

0.114% 

0.104% 

0.094% 

0.08396 
0.073% 

0.052% 

0.042% 

0.052% 

0.042% 

0.042% 

0.042% 

0.052% 

5.203% 

4.058% 

3.53S% 

3.018% 

2.810% 

1.977% 

0.416% 

35.59% 

2.19% 

2.08% 

2.71% 

3.23% 

7.28% 

12.07% 

1.77% 

0.0250% 

0.0094% 

0.0204% 

0.0046% 

0.0010% 

1.56% 

0.73% 

30.30% 31.53% ‘(3) 

14.40% 14.98% 

100.00% 

S.%W 

-4 

IlotaI assuming voletiler l maticr are &wont = se.lO% 

(1) Fraoh composition in taken from Oil in the Soa (NAS, 1985) 

(2) Assudng tha 61 Fuel oil in tha soil is wrathord and doer not conttin wlmtilr fraction @TX). 

(3) A8suming polar MtuiJ fraction iq not volatile 
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TABLE 6-26 
ESTIMATED PAH ASSOCIATED WITH FUEL OIL CONTAMINATION 

IN THE LOWER SUBASE 
(Percent Composition by Weight) 

PAH Composition Fuel 6# Fuel 2# Average % 
Estimated 

Concentrations 
(PPm) I 

I Dinaphthenobenzenes I 2.081 I 5.128 I 3.605 I I 
Naphthalenes 0.223 0.223 7.10 

Methylnaphthalenes 2.706 2.341 2.523 80.40 

Dimethylnaphthalenes 3.567 3.567 113.67 

Other Napthalenes 0.446 0.446 14.21 

Acenapththenes 3.226 4.236 3.93 1 118.89 

Acenaphthalenes 
I 

7.284 6.020 6.652 211.96 

Phenanthrenes I 12.071 I I 12.071 I 384.63 

Pyrenes I 1.769 I 0.005 I 0.887 I 
Fluoranthene 0.025 0.004 0.015 0.46 

Benzanthracene 0.009 0.000 0.005 0.15 

Chrysene 0.020 0.000 0.010 0.33 

Benzo(a)pyrene 0.005 0.000 0.002 0.07 

Benzo(e)pyrene 0.001 0.000 0.001 0.02 

I Benzothiophenes I 1.561 I 1.003 I 1.282 I I 
Dibenzothiophenes 0.728 

Total PAH % 

Total Estimated PAH Concentration 

Estimated Carcinogenic PAH Concentration 

0.728 

35.75 

23.21 

1139 ppm 

1 PPm 

I Estimated Insolubles and Hydrocarbon Concentration 1 I 2047 mm 1 

Total 3186 ppm 

Actual Mean TPH Concentration 3 186 ppm 
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The sector averaged zero stack height model (Hanna et al., 1982) was used to estimate 
fugitive dust concentrations at various distances and directions from Step II sites where the 
potential for dust generation was present. The model is obtained from a Gaussian plume 
equation by integrating to obtain the total mass horizontally across the nlume and then 
distributing the mass entirely within one of the sixteen wind directions. T‘.,: concentration, 
which is averaged over a sector, is weighted by the frequency with which the wmd blows in that 
direction, Modeling parameters used in the fugitive dust calculations and the results are 
provided in Table 6-27, and calculations using the model are provided in Appendix E. 

J 

TABLE 6-27 
MODELING PARAMETERS FOR FUGITIVE DUST EXPOSURES 

source!-to- 
% of Time Mean Annual Source-to- 

Source Receptor Source Area Wind Btowing Wind Speed in Receptor 
(sq. mile) Receptor 

Direction Toward Receptor Distanw 
Receptor Direction (mhc) (miles) 

DEMO Subase Residents 3,181 south 5.13% 4.65 915 

AreaA 
Landfill 

Subase Residents 22,259 Southwest 9.47% 5.40 490 

DRMO Offsite Residents 3,181 North 10.37% 5.47 485 
I 
f Area A Offsite Residents 
: Landfill Along Route 12 

22,259 East 6.73% 5.69 425 

AreaA 
Landfill 

Weapons Center 22,259 Northwest 6.63% 
I 

6.16 240 

6.2.4 Estimating 

6.2.4.1 Selecting Reference Values for ExDosed Populations 

Generally accepted reference values for inhalation rates, body size etc. were used to make 
estimates of dose and to place these estimates on a per unit weight basis. Because these reference 
values are generally accepted they can be helpful when site-specific information is not available. 
In subsequent subsections such information will be provided. Among the most basic reference 
standards used are those for total skin area and body weight. 

All reference values are presented in the exposure scenario tables (Tables 6-3 to 6-23) 
along with citations. 

6.2.4.2 Eauations Used to Estimate Averape Dailv Doses (ADDS) 

Estimates of doses are presented as Average Daily Doses (ADDS) in tables in Appendix 
E corresponding to the exposure scenarios. The word “dose” has several meanings in toxicology 
and risk assessment. The three most commonly used meanings are: 

l exr>osu_re - the total amount of a compound that may enter the body via 
ingestion, inhalation, or dermal contact; this dose may also be referred to as 
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the administered dose; and it includes material that may be excreted or exhaled 
rapidly. 

l delivered dose - this is the quantity of a compound that reaches a target organ 
(e.g., liver). 

l bioloeicallv effective dose - this is the quantity of a compound that results in 
an effect at the site of the effect. 

In this document, the meaning of “dose” is the “exposure dose”. Estimating doses 
involves converting estimated exposure point concentrations in the environmental medium to 
annual average doses in units of milligram of compound per day per kilogram of body weight 
(mglkglday). 

Equations (i.e., exposure models) were used to estimate the chronic dose of each 
Compound of Interest, averaged over a year. The information presented in the following 
subsections generally assumes that the concentrations of compounds of interest will remain 
constant over the exposure period, in some cases a lifetime. In the case of organic compounds 
and many of the inorganics, this is a highly conservative assumption. It is well known that the 
organic compounds will biodegrade with time in the soil. (Refer to Section 5 Contaminant Fate 
and Transport.) The concentration of a compound decreases with time as expressed by the 
measured or estimated half-life. The dose in such cases would be the integral of the 
concentration with time curve for the period of interest. Other loss mechanisms that might occur 
include volatilization and photolysis. 

Average Daily Doses (ADDS) of the chemicals from each exposure route and exposure 
point were estimated using standard chemical intake equations and a combination of standard and 
site-specific exposure assumptions. The exposure routes and specific exposure assumptions are 
provided in each exposure scenario table. 

The general form of the ADD equation is as follows: 

ADD = (Total Amount of Chemical Taken In) 

(Body Weight) (Averaging Period) 

Two ADDS were calculated for each exposure route: the ADD (year) and the ADD (life). 
The ADD (year) was used to evaluate non-carcinogenic effects. It represents the chemical intake 
during the course of a: yearly exposure period and was calculated as the average daily dose over 
a 36%day period. The ADD (life) was used to evaluate carcinogenic effects. It represents the 
chemical intake averaged over a lifetime and was calculated as the average daily dose over a 70 
year lifetime. All doses are estimated in units of mg/kg/day. 

Averaging time refers to the exposure period over which a dose level is estimated. The 
#-- exposure period becomes an important consideration because different effects may be manifested 

at different dose leveis and over different Deriods. The issue of averaging time applies primarily 
to those effects for which there may be thresholds. These include non-carcinogenic effects. 
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Because potential carcinogens are not considered to have thresholds, any exposure would involve 
some risk. Thus, exposures to potential carcinogens can be expressed as an average lifetime 
dose. 

The EPA has SII .red that, “for assessment of other (than carcinogenic) chronic health 
risks, the long-term cc mations (LTCs) shoulc not r cessarily be averaged over a 70-year 
l.zriod and for some c. _ :icals it would clearly be incozect to do so.” Our approach was to 
average LTCs over a one year period for the assessment of non-carcinogenic effects and not to 
substantially rrduce an LTC value by averaging over a full lifetime. 

Estimates of ADD are presented in spreadsheet format for each of the exposure scenarios, 
exposure routes, and compounds of interest in tables in Appendix E. 

6.2.5 Uncertaintv in Exposure Estimates 

Information presented below depicts sources of uncertainty: 

l sources of variability in sampling data used to estimate exposures; 

l assumptions that have been made in estimating exposure !yoint concentrations; 
and 

l limitations and sources of uncertainty associated with fate and transport models 
that were used, for example, fugitive dust, soil gas and ground water flow 
models. 

Based on experience, the following exposure conditions tend to have large degrees of 
uncertainty associated with them. 

l Intrusion of soil gas from surrounding soils into buildings. 

l Transport of fugitive dusts from contaminated sites to offsite or onsite 
receptors near the sites. 

l Transport of compounds of interest via ground water to adjacent offsite 
receptor wells, volatilization into buildings or discharge to surface water 
bodies. 

l Incidental ingestion of soil by site workers and children. 

l Release of vapors during excavations on site. 

l Migration of non-aqueous phase liquids (petroleum) and gasses. 

l Biodegradation of PAH compounds in shallow and deep soil layers. 
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6.3 Toxicitv Assessment 

This section of the document identifies and organizes information on the health effects 
of site-specific compounds of interest. Dose-response assessment provides one of two major 
bodies of information needed to characterize risks. Information developed in the dose-response 
assessment is combined with information developed in the exposure assessment to estimate risks. 

Evaluation of a compound’s potential for toxicity involves the examination of available 
data that relate its observed toxic effects to doses at which they occur. Generally, there are 
three categories of information that are considered in this part of a quantitative human health risk 
assessment: 

1. Information on the potential for compounds to initiate or promote cancers. 

2. Information on the potential acute or chronic non-cancer effects of 
compounds. 

3. Information on applicable air, surface water, and ground water standards. 

Information that will be utilized to characterize human health risks at a site is summarized 
in Table 6-2. Brief summaries of such information given below make it clear which values 

/I (cancer potency, reference dose) are being used for the purpose of the risk assessment. 

6.3.1 Toxicitv Assessment for Noncarcinogenic Effects 

Assessment for Non-Carcinogens 

This sub-section provides identifies and organizes information for assessing the 
non-carcinogenic health effects of compounds of interest. All the compounds of interest have 
the potential for effects that are non-carcinogenic in nature. Therefore, when evaluating such 
effects potential carcinogens should be included along with compounds that are typically 
considered to be non-carcinogens. 

The assessment of non-carcinogenic effects is complex. There is a broad interaction of 
time scales (acute, subchronic, and chronic) with kinds of effects. In various risk assessment 
guidance documents, most of the attention has focused on evaluating the consequences of chronic 
(long term) exposure to various compounds. Efforts here have been directed at establishing 
Risk Reference Doses (RfDs) for compounds. 

Acute EffLwts 

Acute effects are those that occur as a result of short-term exposure to compounds of 
interest. “Short-term” is here defined as exposure periods ranging from less than a day to a few 
days. Naturally, such effects might also be manifested if individuals were exposed on a 
continual basis if the exposure concentration was high enough to result in acute effects. 
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Acute exposures and associated effects might occur as a result of the releases of gases 
or dusts during excavation of contaminated soils or waste deposits. Such excavations may be 
part of planned maintenance activities, remedial investigations, or restoration activities. If 
compounds are in sufficiently high concentrations to cause acute effects upon general public 
exposure, then immediate restoration activities should be evaluated. Such an occurrence would 
be considered to constitute an imminent hazard. 

In most cases, acute effects could result from skin or eye contact with “high” levels of 
vapors or with direct contact with raw or highly concentrated materials. There is little data 
available to relate acute toxic effects to specific doses of compound mixtures. 

Subchronic and Chronic Effects 

This sub-section provides information that is used to assess the potential subchronic and 
chronic health effects associated with the presence of compounds of interest at these sites. 
Information presented here can be used to estimate risks using the equations and methods 
outlined in Section 6.2 and 6.4 of this document. The subchronic and chronic effects of 
compounds of interest can be evaluated by reference to: 

l Reference Dose (RfD) values for subchronic and chronic exposures on the 
order of years. 

These values serve as benchmarks for assessing the potential for non-carcinogenic health 
effects. They represent “threshold” health effects values below which no effects are expected. 
To ensure that these benchmarks are set low enough, uncertainty in the supporting data base is 
taken into account through the application of uncertainty or safety factors. 

The USEPA has published RfD values for some of the compounds of interest. Table 
6-28 provides a summary of these values. The ROD values presented in this table are used in 
the equations for calculating risks in Section 6.4. A RfD is defined in the Integrated Risk 
Information System (IRIS) as an estimate (uncertainty spanning perhaps an order of magnitude) 
of a daily exposure to the human population, including sensitive subgroups, that is likely to be 
without an appreciable risk of deleterious effects during a lifetime. A critical effect refers to 
the health endpoint upon which the reference dose is based. The uncertainty factor contributes 
as a divisor to the dose associated with the critical effect, which is usually a 
No-Observed-Adverse-Effect-Level (NOAEL) or a Lowest-Observed-Adverse-Effect Level 
(LOABL). Most uncertainty factors are standardtied and include: 

l lo-fold factor for extrapolation from animals to humans; 

l lo-fold factor for variability in the human population; 

l lo-fold factor for use of a less-than-chronic study; and 

l 1 to lo-fold factor for extrapolation from a LOAEL. 
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TABLE 6-28 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

*- SUBCHRONIC RFDs CHRONIC RFDs 
COMPOUND INHALATION INGESTION INHALATION INGESTION 

VOLATILE ORGANIC COMPOUNDS 
Nonchlorinated Aromatics 
Benzene 
Ethvlbentene 
Toluene 
Xvlene (totall 
Chlorinated Compounds 

Chloromethane 
1,l -Dichloroethane 
l,2-Dichloroethane 
1,l -Dichloroethene 
Cis-1,2-Dichloroethene (represents trans 

Methvlene Chloride 
l(1.2.2 Tetrachloroethane 
Tetrachloroethene 
Trichloroethene 
1 ,l ,1 -Trichloroethane 

1,1,2-Trichloroet.hane 
Vinyl Chloride 

Other VOCs 
0 Acetone 

2Butanone 
4-Methyl-2-Pentanone 

Carbon Disulfide 

fmg/kg/davl fmg/kg/dav) (mg/kg/dav) (mg/kg/dav) 

9E-02 C 

3E-01 a 
6E-01 a 
9E-02 a 

2E-01 c 
lE+OO a 
2E-01 a 

4E+OO a 

2E-01 c 
3E+Ol a 
6E-01 a 
2E-01 a 

lE-01 c 
lE-01 a 
2E-01 a 

ZE+OO a 

lE+OO 

lE+OO 
lE+OO 
lE+OO 

9E-01 
lE+OO 
lE+OO 
lE+OO 
3E+OO 

lE+OO 

lE+OO 

a 
d 
e 

e 
a 
e 
e 
e 
a 

e 

e 

lE+OO a 
fE+OO d 

9E-03 a 
IE-01 a 

6E-02 a 
lE-01 e 
IE-01 a 
lE-01 e 

9E-01 a 
4E-02 a 
lE-01 e 

lE-01 a 
lE-01 d 
IE-01 e 
lE-01 e 

9E-01 a 
lE-01 e 
lE-01 e 
lE-01 e 
3E-01 a 
lE-01 e 

lE-01 e 

lE-01 a 
lE-01 d 
9E-03 a 
1 E-02 a 
6E-02 a 
1 E-02 e 
lE-02 a 
lE-02 e 
9E-02 a 

4E-03 a 
l E-02 e 

lE+OO 0 
9E-01 a 
9E-01 f 

3E-03 a 

lE+OO a 
5E-01 a 
5E-01 f 
lE-01 a 

lE-01 g 
9E-02 a 
9E-02 f 

3E-03 a 

lE-01 a 
5E-02 a 
5E-02 f 
lE-01 a 

SEMIVOLATILE COMPOUNDS 
Noncarcinogenic PAHs 

Acenaphthene 

Acenaphthvlene 

Anthracene 
Fluoranthene 
Fluorene 

2-Methvlnaphthalene 

Naphthalene 
Phenanthrene 
Pyrene 
Carcinogenic PAHs 
BenzotalAnthracene 
Benzo(a)brene 
Benzo(blFluoranthene 
Benzo(g,h,i)Perylene 
Benzo(kIFluoranthene 

Chrysene 
/-’ Dibenzfa,h)Anthracene 

lndenoll,2,3-cd)Pyrene 

6E-01 j 
5E-01 h 

3E+OO i 
4E-01 j 
4E-01 j 
4E-02 i 

4E-02 i 

5E-01 h 
3E-01 j 

5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 

5E-01 h 
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6E-01 a 
5E-01 h 

3E+OO a 
4E-01 a 
4E-01 a 

4E-02 i 

4E-02 a 

5E-01 h 
3E-01 a 

5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 
5E-01 h 

5E-01 h 
5E-01 h 

6E-02 j 

5E-02 h 

3E-01 j 
4E-02 j 

4E-02 j 
4E-03 i 

4E-03 i 

5E-02 h 
3E-02 j 

5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 

5E-02 h 
5E-02 h 
5E-02 h 

6E-02 a 
5E-02 h 

3E-01 a 
4E-02 a 
4E-02 a 
4E-03 i 

4E-03 a 
5E-02 h 
3E-02 a 

5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 
5E-02 h 

5E-02 h 

5E-02 h 
5E-02 h 
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TABLE 6-28 (continued) 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

COMPOUND 
SUBCHRONIC RFDs 

INHALATION INGESTION 

(mQ/kg/daVl (mQ/kg/dav) 

CHRONIC RFDs 

INHALATION INGESTION ,,’ 

(mQ/kg/davl (mg/kg/davl 

Other Semi-Volatile Compounds 
bis(2-Ethvlhexvl)Phthalate 
Di-n-Butylphthalate 

2,4-Dimethvlphenol 
4,6-Dinitro-2-methylphenol 
2-Methvlphenol 
4-Methylphenol 
Phenol 
Benzoic Acid 
4Chloroaniline 

Dibenzofuran 
2-Nitroaniline 
N-Nitrosodiphenylamine (1) 

PESTICIDES 
4,4’ DDE 
4,4’ DDD 
4,4’-CDT 

Beta-BHC 

Endrin 
Endrin Ketone 
Methoxychlor 

PCBs 

Aroclor 1260 
Aroclor 1254 

INORGANICS 
Metals 
Aluminum 

Antimony 
Arsenic 
Beryllium 
Boron 
Cadmium 

Copper 
Iron 

Lead 

Manganese 
Mercury 
Nickel 

Selenium 
Zinc 

2E-02 1 2E-02 a 

2E-02 k 2E-02 k 

2E-01 i 2E-01 a 

5E-01 I 5E-01 I 

5E-01 i 5E-01 a 
5E-01 j 5E-01 a 

6E-01 j 6E-01 a 

4E+OO j 4E+OO a 

4E-03 j 4E-03 a 

4E-03 
1 E-02 

5E-04 
5E-04 

5E-04 
3E-03 
5E-04 

5E-03 

1 E-03 0 1 E-03 o 

1 E-03 0 1 E-03 o 

4E-04 i 
1 E-03 i 
5 E-03 i 
9E-02 j 
5E-04 j 
4E-02 j 

5 E-04 q 
1 E-04 a 
9E-05 a 
2E-02 j 

2E-01 i 

m 4E-03 m 
0 1 E-02 o 

n 
n 

i 
i 

j . 

j 

SE-04 n 5E-04 n 

5E-04 n 5E-04 n 

5E-04 a 5E-04 j 

3E-03 p 3E-04 j 

5E-04 a 3E-04 j 

5E-03 a 5E-03 j 

4E-04 a 

1 E-03 a 
5E-03 a 
9E-02 a 
5E-04 r 
4E-02 a 

5E-04 q 
lE-01 a 
3E-04 a 
2E-02 a 

2E-01 a 

2E-02 j 
2E-02 k 

2E-02 j 

5E-02 I 
5E-02 j 
5E-02 j 
6E-01 j 

4E+OO j 
4E-03 j 

4E-03 m 
1 E-03 o 

lE-03 o 

lE-03 o 

4E-04 j 
1 E-03 j 

5E-03 j 
9E-02 j 
5E-04 j 
4E-02 j 

5E-04 q 
lE-04 a 
9E-05 a 
2E-02 j 

2E-01 j 

2E-02 a 
2E-02 k 

2E-02 a 

5E-02 I 
5E-02 a 
5E-02 a 
6E-01 a 

4E+OO a 

4E-03 a 

4E-03 m 
1 E-03 o 

5E-04 n 
5E-04 n 
5E-04 a 
3E-04 p 

3E-04 a 

SE-03 -4 

lE-03 o 

1 E-03 o 

QE-04 a 

lE-03 a 
SE-03 a 
9E-02 a 
5E-04 a 
4E-02 a 

5E-04 q 
lE-01 a 
3E-04 a 
2E-02 a 

2E-01 a 
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TABLE 6-28 (continued) 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

COMPOUND 
WEIGHT OF EVIDENCE CARCINOGENIC POTENCY FACTORS 

CLASSIFICATION INHALATION INGESTION 
INHALATION INGESTION (m&kg/day)- 1 (mQ/kg/dav)-1 

VOLATILE ORGANIC COMPOUNDS 
Nonchlorinated ,Aromatics 

Benzene 
Ethylbenzene 
Toluene 
Xylene (total) 

Chlorinated Compounds 
Chloromethane 

1,l -Dichloroethane 
1,2-Dichloroethane 
1,l -Dichloroethene 
Cis-1,2-Dichloroethene (represents trans) 
Methylene Chloride 
1,1,2,2 Tetrachloroethane 

Tetrachloroethene 
Trichloroethene 

1 ,l ,1 -Trichloroethane 
1,1,2-Trichloroethane 
Vinyl Chloride 

Other VOCs 
Acetone 
2-Butanone 
4-Methyl-2-Pentanone 

Carbon Disulfide 

SEMIVOLATILE COMPOUNDS 
Noncarcinogenic PAHs 

Acenaphthene 
Acenaphthylene 

Anthracene 

Fluoranthene 
Fluorene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 

Pyrene 
Carcinogenic PANS 
Benzo(alAnthracene 

Benzo(a)Pyrene 
Benzo(b)Fluoranthene 
Bento(g,h,i)Perylene 
Benzo(k)Fluoranthene 

Chrysene 
Dibenz(a,h)Anthracene 
Indenoll,2,3cdlPyrene 

A 

C 
C 

82 
C 

82 82 

C C 

82 B2 

82 82 

C 
A 

82 82 1.7E+OO b 

82 82 6.1E+OO a 

82 82 1.6E+OO b 
D D 2.5E-01 b 

82 82 1.6E+OO b 

82 82 5.1E-02 b 

82 82 1.3E+Ol b 

82 82 2.7E+OO b 

A 

C 
C 

82 
C 

C 
A 

2.9E-02 a 2.9E-02 a 

6.3E-03 a 
ND a 

9.1E-02 a 
1.2E+OO a 

1.6E-03 a 
2.OE-01 a 

1.8E-03 a 
1.7E-02 a 

5.7E-02 a 
2.9E-01 a 

1.3E-02 a 
ND a 

9.1E-02 a 
6E-01 a 

7.5E-03 a 
2.OE-01 a 

5.1E-02 a 
l.lE-02 a 

5.7E-02 a 
1.9E+OO a 

8.8E-01 b 
l.lE+Ol a 
8.5E-01 b 
1,3E-01 b 

8.5E-01 b 
2.7E-02 b 

6.8E+OO b 
2.7E+OO b 
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TABLE 6-28 (continued) 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

COMPOUND 
WEIGHT OF EVIDENCE CARCINOGENIC POTENCY FACTORS 4 

CLASSIFICATION INHALATION INGESTION 

Other Semi-Volatile Compounds 
bis(2-EthylhexyhPhthalate 

Di-n-Butylphthalate 
2,4-Dimethylphenol 
4,6-Dinitro-2-methvlphenol 
2-Methylphenol 
4-Methylphenol 
Phenol 
Benzoic Acid 
4-Chloroaniline 

Dibenzofuran 
Z-Nitroaniline 
N-Nitrosodiphenvlamine (1) 

INHALATION INGESTION (mg/kQ/daY)-1 (mg/kg/davl- 1 

82 82 1.4E-02 j 1.4E-02 a 

82 82 4.9E-03 j 4.9E-03 a 

PESTICIDES 
4,4’ DDE 
4,4’ DDD 
4,4’-DDT 

Beta-BHC 
Endrin 

Endrin Ketone 
Methoxvchlor 

PCBs 
Aroclor 1260 
Aroclor 1254 

INORGANICS 
Metals 
Aluminum 
Antimony 
Arsenic 

Beryllium 

Boron 
Cadmium 
Copper 
Iron 

Lead 
Manganese 
Mercury 
Nickel 

Selenium 

Zinc 
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82 

82 

82 82 7.7E+OO j 7,7E+OO a 

82 82 7.7E+OO j 7.7E+OO a 

82 3.4E-01 j 

82 3.4E-01 j 

82 3.4E-01 a 

3.4E-01 a 
2.4E-01 a 
3.4E-01 a 

A 

82 

Bl 

A 

82 

ND 

5.OE+Ol a NA a 
8.4E+OO a 4.3E+OO a 

6.lE+OO a ND a 

82 B2 ND a ND a 

A ND 8.4E-01 a ND a 

6-98 AUGUST 1992 



NOTES 

TABLE 6-28 (continued) 
TOXICITY VALUES USED FOR RISK ASSESSMENT 

C 

d 

i 

j RfD values for inhalation were assumed to the same as for ingestion. 

k 

1 

m 

n 

0 

P 

q 

r 

Toxicity values taken directly or derived from values provided in: Health Effects Assessment 
Summary Tables, U.S EPA, 1990. 

CPFs for PAHs were developed using the CPFs for benzo(a)pyrene and the relative potency 
factors developed by ICF-Clement and Associates, Inc. 1987. 

RfD values for benzene were selected to reflect the most toxic values for other non- 
chlorinated aromatic compounds. 

1,12-Dichloroethene was assumed to have non-carcinogenic effects similar to those of l,l- 
dichloroethene. 

RfD vafues were selected for compounds and routes of exposure based on data for other 
chlorinated volatile compounds. 

The ketone 4-methyl-2.pentanone was assumed to have non-carcinogenic effects similar to 
those of the ketone 2.butanone. 

The inhalation RfD for acetone was assumed to the same as the ingestion RfD. 

RtD values for three-ring and higher molecular weight PAH compounds were estimated 
from GRI, 1987 and from available RfD values. 

RfD values for compounds and routes of exposure were assumed to be the same as the RfD 
values for naphthalene. 

RfD values for di-n-butyl phthalate were assumed to the same as those for bis(2-ethyl hexyl) 
phthalate. 

4,6-dinitro-2.methylphenol was assumed to have noncarcinogenic effects similar to those of 
other methyl phenols. 

2nitroanaiine was assumed to be as toxic as 4.chloroanaline. 

RfD values for DDE and DDD were assumed to the same as those for DDT. 

RfD values were selected based on a review of data presented in the ATSDR toxicological 
profiles; values were selected by applying an uncertainty factor of 100 or more to values 
deveeloped from availabfe animal data. 

Beta-BHC was assumed to have toxicity similar to gamma-BHC (lindane). 

An RfD vaiue for lead was developed from the drinking water standard. 

The subchronic RfD for chromium was assumed to be equal to the chronic RfD. 
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The use of ten fold uncertainty factors is traditional. However, there may be situations 
where data support the application of smaller uncertainty factors. There is ongoing research 
directed at the use of physiologically based pharmacokinetics modeling for interspecies 
extrapolation. However, at this time, no specific guidance can be provided on the use of this 
method for developing better extrapolation (from animal to human) values for application to 
compounds of interest. 

Modifying factors also contribute as divisors to the NOAEL or LOAEL and are usually 
one; however, in certain instances, the IRIS review group uses, based on collective professional 
judgment, a modifying factor to further adjust the reference dose. Confidence in the reference 
dose refers to a qualitative judgment of the confidence that the EPA review group had in the 
quality of the critical study, the supporting database, and the reference dose. A “low” 
confidence designation suggests that the reference dose is likely to change as new information 
becomes available. 

The result of applying various multiples of 10 is that for many compounds the RfD is 
calculated to be a factor of 100 less than the NOAEL and for some (ethylbenzene) as much as 
a factor of 1000 less. 

6.3.2 Toxicitv Assessment for Carcinopenic Effects 

This sub-section provides information that can be used to characterize the carcinogenic 
potencies of compounds of interest. Values for cancer potencies presented in Table 6-28, when 
combined with data on exposure, are used to make quantitative estimates of risk. The EPA’s 
Cancer Assessment Group (CAG) in Washington D.C. is the primary source of information on 
the cancer potencies of selected compounds. 

Cancer Potencv Factors Used in Risk Assessment 

A summary of the cancer potency factors that are used in the quantitative risk assessment 
is given in Table 6-28. The values provided in this table are used in the equations provided in 
Section 6.4 for estimating risk. 

As a matter of EPA policy, estimates of the carcinogenic potency of compounds are 
based on the assumption that there are no threshold levels and that the response is linear with 
dose at low levels (at those encountered in the environment). Thus, there is always some 
calculable level of risk at every exposure concentration. 

The “weight of evidence” regarding the potential carcinogenicity of a compound varies 
as a result of variations in the available test data, adequacy of studies, kinds of studies, and 
observed responses. The EPA has established weight-of-evidence categories for characterizing 
compounds (Table 6-29) and these are indicated in Table 6-28. In the subsequent discussion, 
the weight of evidence will be presented for selected compounds of interest. 
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TABLE 6-29 
EPA WEIGHT-OF-EVIDENCE 

CATEGORIES FOR POTENTIAL CARCINOGENS 

EPA Category Description of Evidence 

Group A Human Carcinogen 
Sufftcient evidence from epidemiologic studies to support a 
causal association between exposure and human cancer. 

Group Bl Probable Human 
Limited evidence of carcinogenicity in humans from 
epidemiologic studies. 

Group B2 Probable Human 
Sufftcient evidence of carcinogenic@ in animals, inadequate 
evidence of carcinogenicity in humans. 

Group C Possible Human 
Limited evidence of carcinogenicity in animals; no data for 
humans. 

Group D 1 Not Classified 1 Inadequate evidence of carcinogenicity in animals. 

Group E No Evidence of 
No evidence for carcinogenicity in at least two adequate 

animal tests or in both epidemiologic and animal studies. 

The carcinogenic potency of a compound can be expressed in a variety of ways. In this 
document, the potency is expressed as a “potency factor”. The potency factor as calculated by 
the EPA CAG is usually the 95 % statistical upper bound on the slope of the dose-response curve 
in the low-dose linear portion as estimated by the multistage linearized model. The response is 
the lifetime risk of cancer in humans as a function of an average daily exposure level 
(mglkglday) occurring throughout that lifetime. The slope or potency factor is expressed in 
units of (mg/kg/day).‘. Cancer potency factors for some of the compounds of interest have been 
estimated by EPA’s Cancer Assessment Group (CAG) and are available in EPA’s Health Effects 
Summary document. 

6.3.3 Uncertainties Related to Toxicity Information 

One of the difficulties in carrying out dose-response assessments is that the compounds 
of interest occur as complex mixtures with varying composition within and among sites. 
Information on the health effects of individual compounds may not be directly applicable to that 
compound as it exists as part of a complex mixture. However, in the absence of information 
to the contrary the compound-specific information is generally used. 

It is suggested that until methods are developed to directly assess the toxicity of mixtures 
or until information is available on synergy and antagonism among compounds, the toxicity of 
compound mixtures be based on the additive toxicities of the individual compounds. This was 
done for the present analyses. 

Matrix Effm 

Many compounds are known to be strongly adsorbed to the soils or, in the case of 
metals, may be complexed. The “bioavailability” of the compounds in these complex soil media 
is quite different from that for these same compounds when administered in health studies (such 
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as laboratory animal research). In many health studies, the pure compound may be fed to the 
test animal in feed or as an oil; in other studies solvent extractions of the compounds may be 
applied to the skin. 

The point is that experimental applications of compounds in laboratory studies do not 
mimic the conditions that occur on sites. Therefore, the “potency” or RfD values that are 
obtained from experimental studies are likely to overestimate the potential health effects of a 
compound as it occurs in a soil medium. The difference between experimental applications and 
those that occur in real world exposures is referred to here as a “matrix effect”. 

The greatest potential for overestimation of health effects involves potential exposure to 
contaminated soils. Health effects associated with direct contact or incidental ingestion of 
contaminated soil is likely to be overestimated if matrix effects are not taken into account. 

InterDretation of Roll 

Because of the margin of safety built into the RfD value, exceedence of the number has 
no immediate meaning with regard to specific health effects, the frequency of effects, or the 
magnitude of effects. However, exceedence of the number should serve as an indicator that the 
potential for unacceptable exposure does exist and precautions should be taken to limit exposure. 

Form of The Comr.wund 

The toxicity of a compound (e.g., chromium) varies depending on the “form” or valence 
state of the compound. Therefore, it may be important that the risk assessor have information 
on the form of the compound present. However, this is very seldom the case because most 
analytical results are presented by reporting only total detected quantity of the compound present 
not its chemical state. Typically, chromium may occur in one of two forms: Cr JII and Cr VI. 
The Cr VI state may be carcinogenic via the inhalation route. Exposure point concentrations 
do not identify the form of the compound and are based on only the presence of compound. The 
worst case was used in this risk assessment because the most toxic form of a compound of 
interest was assumed present if detected. 

6.4 Risk Characterization 

Risk characterization involves the integration of health effects information developed as 
part of the toxicity assessment (Section 6.3) with estimates of exposure developed as part of the 
exposure assessment (Section 6.2) to provide an estimate of risk. Qualitative estimates are 
provided for Step I sites. Quantitative estimates are usually presented either in probabilistic 
terms (e.g., one in a million) or with reference to specific benchmark or threshold levels. An 
important component of risk characterization is an assessment of the sources of uncertainty 
associated with the estimate. Because risk estimates tend to be “soft” and based on a combination 
of measurements and assumptions, it is important that information on sources of uncertainty be 
provided. The key elements of risk characterization are: 

l estimation of human dose; 
l estimation of risk; 
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l presentation of risk; and 
l uncertainty analysis. 

Qualitative assessment is provided for Step I sites and quantitative assessment for Step 
II sites in the following sections. 

6.4.1 Steu I Sites 

Qualitative assessments for Step I sites are provided below. 

Construction Battalion Unit (CBU) Drum Storage Area 

Risks appear to be negligible because there is limited activity in this area and chemical 
concentrations are low. 

Rubble Fill at Bunker A-86 

Activity in this area is negligible. However, the site exhibits elevated levels of PAHs 
and arsenic which could cause a potential health risk if exposure were to occur under some 
future use condition. If site conditions change in the future, there may be some risk associated 
with the contaminants present. 

Torpedo Shops 

The potential exposure scenario relates to utility repair/installation within the former 
septic system area. Based on the relatively low levels of chemicals present at the site, and the 
health risk calculations made for utility workers at other sites (e.g., Area A landfill, Lower 
Subase), the health risks associated with this exposure scenario are qualitatively predicted to be 
negligible. The risk due to ground water quality degradation was previously discussed. A 
recommendation has been made to expand the investigation at this site to identify a potential 
source near the Torpedo Shop buildings. Further health risk assessment would be required. 

Goss Cove! Landfill 

Future construction and excavation activities in the parking lot could result in some risk 
to workers. There is some potential that vapors from within the landfill could enter the museum 
building; however, this possibility has not been investigated. There is also a possibility that 
children could come in contact with sediments in Goss Cove. At present there are no data on 
the levels of contaminants in these sediments. 

Over Bank DisDosal Area Northeast (OBDM) 

This site appears to pose a negligible risk based on the lack of activity and the low 
concentrations of chemicals. 
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Suent Acid Storape and Disposal Area 

There may be some risk to construction or utility maintenance personnel associated with 
contact with contaminated subsurface soils if they do not follow appropriate health and safety 
procedures. Based ( similar levels of lead at DRMO, and the associated risk for construction 
workers in that are:: &zardous Waste Storage Building Construction), the risk to construction 
workers at this site culd be above acceptable levels. Appropriate health and safety precautions 
should be followed r-:,&ring tank removal to confirm that no contamination is present. 

Former Gasoline Station 

No risks are identified under existing conditions based on available data. Appropriate 
health and safety precautions should be followed during tank removal to confirm that no 
contamination is present. 

6.4.2 Estimation of Risk at Ster, II Sites 

Estimates of risks are developed for individual carcinogens and non-carcinogens as well 
as for mixtures. The quantification of potential risks is based on the guidance published by the 
EPA on estimating risks of carcinogenic and non-carcinogenic mixtures (50 FR 1170 et seq., 
9 Jarzary 19SV. Risk estimates for compound mixtures are based on the assumption of 
additivity unless there is information to the contrary. 

In accordance with current EPA guidance, the assumption of additive effects is made for 
non-carcinogens in order to calculate a Hazard Index Ratio, i.e., the ratio of exposure dose to 
RfD value as appropriate. However it is also recognized, as stated in the EPA’s guidance, that 
this may not be a good assumption because of differences in target organs, application of 
uncertainty factors, and differences in modes of actions of compounds. However, the Hazard 
Index Ratio is currently identified in EPA guidance as a means of identifying situations where 
additional attention should be given. 

6.4.2.1 Risk Estimation for Potential Carcinopens 

The equation for estimating “Incremental Lifetime Risk” from exposure to carcinogens, 
by compound and by pathway, is: 

Risk = Cancer Potency Factor X ADD (life) 

where: 

Risk (Incremental Lifetime Risk) = Probability that person will manifest cancer, 
during lifetime, from the particular exposure condition; 

Cancer Potency Factor (CPF) for a compound is the slope of the dose/response 
curve for cancers estimated for the specific Compound of Interest 
[(mg/kg/day)-11; different CPF values may be estimated for ingestion and 
inhalation. 
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The “total” risk posed by a mixture of carcinogens is estimated as the sum of the risks 
for the individual compounds. Cancer potency factors may differ for oral and inhalation routes 
of exposure. Thus, the calculations of risk must be made for the different exposure routes first 
and then combined. Cancer potency factors have not been published by EPA for dermal uptake. 
Generally, the potency factor associated with oral route has been used for exposure via dermal 
contact. It. is reasoned that the pharmacokinetics associated with dermal uptake would be more 
similar to uptake via the gut than via the lung. However, dermal uptake is probably quite 
different than either uptake via the gut or the lung. 

6.4.2.2 Risk Estimation for Non-CarcinoPenic Effects 

As stated previously, non-carcinogenic effects are evaluated by using the Hazard Index 
Ratio. The equation for estimating Hazard Index Ratios for exposure to non-carcinogens, by 
compound and by pathway, is: 

Ratio = ADD(time)/RfD 

where: 

Ratio = Average Daily Dose for a specified averaging time ( a year) relative to 
the Reference Dose (RfD); depending on the nature of the effect and the exposure 
period being considered. 

The: R.fD value used for chronic exposures was used for exposure situations of seven 
years or more and RfD value for subchronic exposures was applied to exposure periods less than 
seven years. 

In t.he absence of specific information on possible synergy or antagonism between or 
among compounds, a total Hazard Index Ratio is estimated by summing the ratios for each 
compound. Individual or summed ratio values in excess of ” 1” are considered as benchmarks 
for indicating the potential for some, generally sublethal, health effects. However, since by 
deftition a ratio of 1 is acceptable, the question always remains, “At what point does the 
exposure become unacceptable or what are the real risks associated with hazard ratio indices in 
excess of “l”? Estimates of risk were calculated using computer-based spreadsheets. 

6.4.3 Presentation of Risk 

All calculations of risks are presented with summary tables in Appendix E. In the case 
of human health effects associated with exposure to potential carcinogens, risk estimates are 
expressed as the lifetime probability of excess cancer associated with the given exposure (e.g., 
a lifetime incremental risk of one in ten thousand). 

Incremental cancer risk estimates are illustrated using simple bar charts (Figures 6-2 to 
6-5). These figures include horizontal lines at the 1 .OE-4 (one in ten thousand) and 1 .OE-6 (one 
in the million) levels. Risks above l.OE-4 are described here as “generally unacceptable for 
environmerd risk to humans, and risks below 1 .OE-6 are described here as generally considered 
de minimus for environmental risk to humans. The word “environmental” is underscored 
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Figure 6-2 Lifetime Cancer Risks 
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Figure 6-3 Lifetime Cancer Risks 
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Figure 6-4 Lifetime Cancer Risks 
Offsite Receptors 

m Nominal m Upper Bound 

Incremental Lifetime Risk 
l.OE-03 E 

1 Considered Unacceptable for Environmental Risk t --------------_---__-----------------------------------------. 

l.OE-05 t 

l.OE-07 L 

l.OE-08 

l.OE-09 At tending 
Car 

Aucth8 

Residents 
Off RT. 12 

Attendlng 
DRMO 

Attending Residents 
DRMO Near DRMO 

Auctions 



Figure 6-5 Lifetime Cancer Risks 
Onsite ReceDtors . 
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because often in occupational settings, risks are viewed differently than for settings in which the 
exposures are not work-related or are involuntary. These particular risk levels (1 .OE-4 and 
1 .OE-6) are similar to those cited in a recent article by Travis, et al. (1987), entitled Cancer Risk 
Management. Basically, these authors observed that at an individual risk level of approximately 
one in one million, no regulatory action is taken (a de-minimus level) while at a risk level of 
four in one thousand regulatory action was always taken. In between these risk levels, 
regulatory action appeared to be based on a combination of factors including the size of the 
exposed population and cost effectiveness considerations. 

Depictions of Hazard Index Ratios are given in Figures 6-6 to 6-9. As can be seen, a 
horizontal line has been drawn at ” 1”. As noted earlier, ratios in excess of ” 1” can be viewed 
as benchmarks with regard to the potential for chronic, generally sublethal, effects. 

6.4.3.1 Area A Landfill 

Utilitv Worker Renairinp Storm Sewers in Area A Landfill 

The hazard indices do not exceed the benchmark established by EPA (Figure 6-6). For 
the nominal case and upper bound case, the hazard indices for oral and dermal contact with soils 
are at least three orders of magnitude below the EPA benchmark of ” 1”. 

The carcinogenic risk associated with soil contaminant exposure was below the de 
minimus level of one in one million for the nominal case and slightly above this level for the 
upper bound case (Figure 6-2). ./ 

LI 
Based on the results of these analyses risks to these workers are judged to be low to 

negligible. 

Weapons Center Personnel ExDosed to Fugitive Dust from Area A Landfill 

Systemic health risks and incremental risks of cancer are all below (within) levels 
considered acceptable (Figures 6-5 and 6-9). Based on the results risks to these workers 
associated with fugitive dusts are negligible. 

Militarv Servicemen Moving Palettes with Area A Landfill 

No systemic health risks were identified for these workers (Figure 6-9). Lifetime cancer 
risks were at and above one in one hundred thousand (lE-5) for nominal and upper bound 
exposures respectively (Figure 6-5). The estimated risk was due to the presence of PCBs in 
surface soils. The risks fall within EPA’s range of lE-6 to lE-4. There is uncertainty in the 
risk estimates based on the size and nature of the exposure population as well as the exposure 
assumptions. 

MC 
Near Area A Landfill 

Risks to this exposure group are negligible (Figure 6-5 and 6-9). -w 
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Figure 6-6. Hazard Indices (Health Risk) 
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Figure 6-7 Hazard Indices (Health Risk) 
Subase Children 
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Figure 6-8 Hazard Indices (Health Risk) 
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Figure 6-9 Hazard Indices (Health Risk) 
Onsite Receptors 
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-- Groton/Le* 

Risks to offsite residents due to the transport of fugitive dusts are judged to be negligible 
based on comparisons with EPA’s suggested benchmarks (Figures 6-4 and 6-8). 

Citizens Attendinp Car Auctions in Denloved Parking 

Risks to people participating in car auctions are estimated to be negligible (Figures 6-4 
and 6-8). 

6.4.3.2 Area A Downstream 

Subase Children ExnIoring the Woods within Area A Wetland. Landfill. and Downstream 
Watercourses 

Systemic (noncarcinogenic) health risks are estimated to be negligible for this exposure 
group (Figure 6-7). However, nominal lifetime cancer risk exceeded one in one million (lE-6) 
and the upper bound estimate exceeded one in one hundred thousand (lE-5) (Figure 6-3). The 
carcinogenic risk is due to the presence of PCB Arochlor 1260 through oral or dermal contact 
with soils. 

Subase Children Exuloring Streambeds and Area A Wetland 

No systemic health risks were estimated for the nominal case but the upper bound case 
did exceed EPA’s benchmark of ” 1” for a hazard index (Figure 6-7). Estimated carcinogenic 
risks are above the de minimus environmental carcinogenic risk limit of lE-6 for both the 
nominal and upper bound cases (Figure 6-3). The upper bound case exceeds a risk level of one 
in one hundred thousand (lE-5). The compounds that contribute to the carcinogenic risk through 
ingestion and dennal contact with the sediments are the pesticides. 

Subase Children S wimminp in North Lake 

Swimming in North Lake does not pose any potential health risks as a result of contact 
with the water or playing on the beach (Figure 6-3). Incremental cancer risk estimates are 
considered de minimus for environmental risk (Figure 6-7). 

Utilitv Worker RenairinP Utilitv lines in Area A Downstream 

Systemic (noncarcinogenic) and carcinogenic risks are estimated to be negligible to these 
workers (Figures 6-2 and 6-6). 

6.4.3.3 Defense Reutilization and Marketing Office 

-. 
Citizens Attending Monthlv Auctions at DRMO 

Systemic (noncarcinogenic) risks associated with this activity are negligible (Figure 6-8). 
Lifetime cancer risks did exceed one in one million (lE-6) for the nominal and upper bound 
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cases (Figure 6-4). However, these estimates are considered to be overestimates because of a 
conservative assumption made concerning the daily incidental ingestion of soils (100 mg/day). 
It is very unlikely that individuals involved in these auctions would ingest this quantity of soil. 
It is more likely that the al?::>unt of incidental soil ingestion is an order of magnitude less. This 
would result in risk estirr .; below the de minimus level. 

Citizens Attending Public Sales at DRMO 

Noncarcinogenic risks associated with this activity are negligible (Figure 6-8). 
However, as with the monthly auctions, lifetime cancer risks exceeded the de minimus level of 
one in one million (Figure 6-4). Again, this was due in part to a conservative assumption 
regarding soil ingestion as discussed above. 

Navv Workers Sortiw Scrap Metal 

Systemic (noncarcinogenic) risk(s) related to this activity are negligible (Figure 6-9). 
However, incremental lifetime risks of cancer approached and exceeded the one in ten thousand 
(lE-4) level for the nominal and upper bound cases (Figure 6-5). Compounds that contributed 
to the risk included PCBs, carcinogenic PAH, and the metal beryllium. 

Utilitv Worker Exposed to Soils and Ground Water in DRMO Under Current Conditions 

For this exposure scenario, the noncarcinogenic and carcinogenic risks were estimated 
to be negligible (Figures 6-2 and 6-6). 

UtiIitv Worker Exposed to Soils and Ground Water In DRMO Under Future Conditions 

For these exposure scenarios, the noncarcinogenic and carcinogenic risks were estimated 
to be negligible (Figures 6-2 and 6-6). 

Construction of A Hazardous Waste StoraPe Facilitv 

There may be systemic health (noncarcinogenic) risks associated with this proposed 
construction activity (Figure 6-6) if health and safety measures are not followed. These are due 
to the presence of lead in soils. The maximum lead exposure point concentration ingestion of 
soil. The maximum exposure concentration is 8,100 mg/kg lead in soil from a well location, 
6MW3 2-4 feet. 

The nominal carcinogenic risk estimate is close to the de minimus level of one in one 
million (1.6E-6) and the upper bound estimate exceeds this Ievel (Figure 6-2). The probability 
of carcinogenic risk is attributed to the presence of PCBs in soil. 

Ledvard Residents Exuosures to Fugitive Dust from DRMO 

Systemic (noncarcinogenic) and cancer risks are estimated to be negligible (Figures 6-4 
and 6-8). 
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-4 Subase Children Exuosed to Fugitive Dust from DRMO and Area A Landfill 

- 

Systemic (noncarcinogenic) and cancer risks are estimated to be negligible (Figures 6-5 
and 6-7) via exposure to fugitive dusts. 

6.,4.3.4 Lower Subase 

Utility Worker Exposed to Soils and Ground Water in Lower Subase Vaults 

Systemic (noncarcinogenic) health and incremental cancer risks are judged to be 
negligible (Figures 6-2 and 6-6). 

Utility Worker Exnosed to Soils and Ground Water In Lower Subase 

Systemic (noncarcinogenic) health and incremental cancer risks are judged to be 
negligible (Figures 6-2 and 6-6). 

Future Co0 

Sy;stemic (noncarcinogenic) health and incremental cancer risks are judged to be 
negligible (Figures 6-2 and 6-6). 

6.4.4 Uncertainties in Estimates 

Because the toxicity values (Potency Factors, RfDs, AICs, and AISs) published by EPA 
are based on exposure dose and not on absorbed dose, it is not appropriate to estimate the 
efficiency of absorption via the gut and the lung, i.e., the potencies already incorporate 
information on those effects. However, there may be certain “matrix effects” associated with 
differences between media in which the compound is received. Such matrix effects can alter the 
bioavailability of the compound. There is little quantitative information concerning these matrix 
effects and they are generally ignored. This results in a conservative estimate of dose. 

Uncertainty Analvsis 

Un.certainty analyses is an important element of risk characterization. Results of such an 
analysis provide insights into the confidence of the results. Uncertainty analysis typically 
includes: 

l assessments of the sources of uncertainty, the soundness of assumptions and the 
extent to which they were made in a conservative manner, and other qualifying 
statements that may be appropriate; and 

l sensitivity analyses of key assumptions or input parameters. 

Uncertaintv in Health Effects Estimates 

There are uncertainties associated with both the estimates of risk from carcinogens and 
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non-carcinogens. The difficulty in extrapolating from data on high doses to animals to low doses 
in humans is well recognized and is discussed in detail in various toxicological texts. 

The EPA is attempting to standardize its approach to determining RfDs. The RfD Work 
Group within EPA has developed a systematic approach to summarizing its evaluations, 
conclusions, and reservations regarding RfDs in a “cover sheet”. The cover sheet includes a 
statement on the confidence the evaluators have in the stability of the RfD: high, medium, or 
low. High confidence indicates that the RfD is unlikely to change in the future because there 
is consistency among the toxic responses observed in different sexes, form, study designs, or 
in dose-response relationships, or the reasons for differences, if any, are well understood. 
Often, high confidence is given to RfDs that are based on human data for the exposure route of 
concern, because in such cases the problems of interform extrapolation are avoided. Low 
confidence indicates that the RfD may be especially vulnerable to change if additional chronic 
toxicity data are published on the compound, because the data supporting the estimation of the 
RfD are of limited quality and/or quantity. 

The EPA or consultants following agency policy do not simply use the NOABL, but 
develop from it a risk reference dose or “safe threshold” by dividing this NOAEL by a series 
of uncertainty factors, resulting in a much lower concentration for the purpose of defining a 
RfD. The RfD has been viewed as the amount of a compound to which a person can be exposed 
on a daily basis over an extended period of time (usually a lifetime) without suffering a 
deleterious effect. 

The result of the application of uncertainty factors is that for many compounds the RfD 
is calculated to be 100 times to 10,000 times less than the NOABL. 

Because of &he uncertainty factor (margin of safety) built into the RfD value, exceedence 
of the number has no immediate real meaning with regard to specific health effects, the 
frequency of effects, or the magnitude of effects. However, exceedence of the number should 
serve as a warning that the potential for unacceptable exposure does exist and precautions should 
be taken to limit exposure. 
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7.0 ECOLOGICAL RISK ASSESSMENT 

7.1 Introduction 

This section presents the findings of the ecological risk assessment performed for the 
Naval Submarine Base - New London (NSB-NLON) in Groton, Connecticut. NSB-NLON is 
on the east bank of the estuarine portion of the Thames River. 

The ecological risk assessment evaluates the probable migration pathways of site 
contaminants to both aquatic and terrestrial receptors. Risks to ecological receptors are 
evaluated using observations of biological conditions at the site, measurements of contaminants 
in biota and environmental media, and predictive models of bioaccumulation. Measured or 
estimated exposure concentrations are compared with literature values of levels not known to 
produce toxic effects or with EPA Ambient Water Quality Criteria, where appropriate, to assess 
risks to site biota. 

7.1.1 Amroach and Owanization 

This assessment addresses Step I and Step II sites separately. However, the assessment 
approach for some of these sites is the same since they potentially affect the same environmental 
receptors, aquatic biota in the Thames River. These sites are also developed; therefore, this is 
the only exposure pathway for contaminants in these areas to reach environmental receptors. 
The Step I site evaluated in this manner is the Goss Cove La&ii. Step II sites addressed in a 
similar fashion are the Defense Reutilization and Marketing Office (DRMO) and the Lower 
Subase. Risks to both aquatic and terrestrial receptors are addressed for Area A sites. 

The approach to risk assessment used in this section follows EPA guidelines (EPA, 1986). 
The ecological risk assessment section of the report is divided into these main headings: 

l Hazard Identification 
l Exposure Assessment 
l Toxicity Assessment 
l Risk Characterization 

The Hazard Identification (Section 7.2) evaluates the data to be used in the risk 
assessment and selects compounds of interest. Since this work was discussed in the Human 
Health Risk Assessment (Sections 6.1.1 and 6.1.3), this section of the report only addresses 
these issues where they pertain specifically to ecological risks. 

The Exposure Assessment characterizes environmental receptors to site contamination, 
identifies exposure pathways, and quantifies those exposures. The sites were visited to 
characterize the environmental receptors (Section 7.3.1). Section 7.3.2 identifies exposure 
pathways in Step I and Step II sites. The exposure concentrations are quantified in Section 
7.3.3. For some exposures, direct measurements of contaminants in environmental media were 
used (e.g. metals concentrations in soils for plant exposures or surface water concentrations in 
ponds for fish exposures). Sample locations for Area A are shown on Plate 6-l. Other 
exposures were quantified via simple analytical models. Examples of these quantification 
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methods include estimation of soil moisture concentrations from soil concentrations for terrestrial 
invertebrate exposures and use of a simple analytical bioaccumulation model to estimate 
exposures to birds and mammals due to ingestion of terrestrial invertebrates. A discussion of 
the uncertainty associated with these estimates is included (Section 7.3.4). 

Exposure concentration criteria are discussed in the Toxicity Assessment (Section 7.4). 
Where appropriate, EPA Ambient Water Quality Criteria (EPA, 1986) were used to assess risks. 
For some organisms, such as soil invertebrates and small birds and mammals, we developed 
criteria based on toxicity information available in the literature. 

The Risk Characterization (Section 7.5) compares measured or estimated exposure 
concentrations to toxicity-based criteria and assigns a relative magnitude of risk to individual 
organisms of certain receptor species (e.g., soil invertebrates, small birds and mammals). These 
results are discussed as to their ecological significance based on scientific judgement and 
observations at the site. 

7.1.2 Overview of Environmental ReceDtors 

Environmental receptors of contaminants from the Groton site consist of nearby 
ecosystems and their resident and visiting biota. This section briefly describes the environmental 
receptors of contaminants from the Step I and Step II sites. Section 7.3.1 provides an in-depth 
characterization of ecological receptors, particularly those in the Step II sites. 

Most of the Step I sites consist primarily of developed property (Torpedo Shop, Spent 
Acid Storage and Disposal Area, and Former Gasoline Station). As such, they do not comprise 
a natural environment, and it is not necessary to assess ecological risks for these sites. 
Compounds of concern were detected in environmental media at the CBU Drum Storage Area 
and OBDANE sites at very low concentrations, and therefore these sites were excluded from 
further assessment. The Rubble Fill at Bunker A-86 site was only qualitatively evaluated from 
a human health risk standpoint. 

The Step I site that may pose a potential ecological risk is the Goss Cove Landfill. It is 
on the shore of the Thames River estuary, and ground water from this site discharges to the 
Thames River. The primary environmental receptors in this portion of the Thames River are 
benthic organisms and fish. This risk is discussed in Section 7.5.1. 

Two types of Step II sites were treated separately in this assessment. The developed sites 
that may pose an ecological risk due to the discharge of contaminated ground water to the 
Thames River, the Defense Reutilization and Marketing Office (DRMO) and the Lower Subase, 
were treated similarly to the Goss Cove Landfill. Environmental receptors at these sites consist 
of fish and benthic organisms near the point of discharge in the Thames River. 

Environmental receptors in Area A consist of biota in the Area A Wetland, Over Bank 
Disposal Area, and Downstream Watercourse area. The biota in these areas are plants, 
invertebrates, fish, amphibians, birds, and mammals that reside in this area, migrating birds that 
visit the area seasonally, and mammals and birds that visit the area occasionally. These receptors 
may be exposed to contaminants in surficial soils, contaminants in ground water where it may 
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-- 
seasonally discharge to the ground surface, and contaminants in the surface water and sediments 
of ponds and streams. Higher trophic level organisms in the food web may be exposed to 
contaminants via bioaccumulation in lower level organisms such as soil invertebrates in the 
wetland and benthic invertebrates in the ponds and streams. 

7.2 Hazard Identification 

7.2.1 Evaluation of Data/Selection of ComDounds of Interest 

The data evaluation and selection of compounds of interest for the ecological risk 
assessment were the same as for the human health risk assessment. Sections 6.1.1 and 6.1.3 
discuss these processes. Table 6-2 in Section 6.1.3 presents the compounds of interest. The 
compounds of interest were selected based on their detection in all media. However, some of 
the organic compounds of interest posed no ecological risk because they were not detected in 
media to which environmental receptors may be exposed. The only organic compounds assessed 
for the Step I site, Goss Cove Landfill, were those detected in ground water at this location 
(refer to Table 4-14). Compounds not detected in soil, sediment, surface water or ground water 
at Step II sites include the volatile organic compounds chloromethane, 1,2-dichloroethane, 
tetrachloroethane, 1,1,2-trichloroethane, and 4-methyl-2pentanone; the semi-volatile organic 
compounds2-methyl-naphthalene,dibenz(ah)ene,di-n-butylphthaiate,2,4-dimethylphenol, 
4-methylphenol, phenol, and N-nitrosodiphenylamine; the pesticides beta-BHC, endrin, endrin 
ketone, and methoxychlor, and the PCB Arochlor 1254. 

As in the human health risk assessment, if a compound was not detected in an exposure 
medium, the exposure concentration for a non-detectable level was assumed to be zero. If the 
compound was detected in at least one sample in that medium, the non-detectable concentration 
was estimated as one half the average sample quantitation limit (Refer to Section 6.1.1 of the 
Human Health Risk Assessment). 

7.2.2 Contaminated Media 

Compounds of concern were detected in soils, sediments, surface water, and ground 
water. The ecological risk assessment addresses wetland soils/sediments separately from stream, 
pond, and river sediments. This distinction is based on physical and biological characteristics. 
Soils/sediments in the wetlands may be saturated periodically, but for most of the year they are 
not underwater and retain less than 100% soil moisture. They are also likely to have a higher 
organic carbon content than pond or stream sediments. Wetlands soils/sediments support a 
different invertebrate community than do pond or stream sediments. For this reason and to 
avoid confusion with pond and stream sediments, this section of the report will refer to soil or 
sediment samples from Area A wetland, OBDA, and downstream areas that are not pond or 
stream sediment samples as “soils”. This convention is different from that followed in other 
sections of the report. 
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7.3 Exwsure Assessment 

7.3.1 Characterization of Environmental Receotors 

7.3.1.1 Goss Cove Landfill 

Ground water from the Goss Cove Landfill discharges to the Thames River. This section 
characterizes the Thames River and discusses its resident biota. 

The Shetucket and Yantic Rivers meet to form the Thames River approximately 12 miles 
north of the NSB-NLON. The portion of the river adjacent to NSB-NLON is estuarine. It is 
classified by the Connecticut Department of Environmental Protection (CTDEP) as class SC with 
the goal of improving future water quality to Class SB, suitable for swimming and harvesting 
of shellfish and desirable to promote the restoration of an anadromous fishery. The Thames 
River currently supports sport fishing. It also provides wildlife habitat. 

The river discharges approximately 2600 cfs of freshwater to Long Island Sound 
(Soderberg and Bruno, 1971) and the flushing time for freshwater is approximately one half to 
two days (Welsh, 1984). Stratification in the northern two thirds of the river can be great 
depending on freshwater inflow. At times, the bottom saline waters become nearly depleted of 
dissolved oxygen. However, the portion of the river adjacent to NSB-NLON is less likely to 
be stratified due to the greater input of water from Long Island Sound in this area. 

Studies of finfish in the Thames River have identified Winter Flounder, Tomcod, and 
Windowpane Flounder as the most abundant fish in the deeper channels, while the Mumichog 
and Striped Killifish are abundant near the shore (Tolderlund, 1975; Marsh, 1974; Welsh and 
Stewart, 1984). The Thames River is also a feeding area for long-range coastal migrating fish 
such as Menhaden, Bluefish, Striped Bass, and Mackerel. Seasonal visitors from Long Island 
Sound include Tautog, Weakfish, Porgy, and Whiting. There is also a limited River Herring 
run to a freshwater nursery area upstream at Norwich, Connecticut. 

Sampling of benthic species in the river channel adjacent to NSB-NLON in March 1990 
(Maguire Group, Inc., 1990) identified several polychaete worms and one bivalve species, the 
Coot Clam mlateralis), an opportunistic species. The referenced study did not include 
near-shore samples or observations in the area of NSB-NLON. 

The only benthic species of economic importance identified in the Thames River are the 
Oyster and the Hard-Shell Clam. Much of the river is closed to shellfishing due to high 
coliform levels. However, there is an oyster bed west of the submarine base and several Hard- 
Shell Clam beds further south in Waterford, Connecticut. 

7.3.1.2 DRMO and Lower Subase 

Ground water from the DRMO and Lower Subase also discharges to the Thames River. 
The same potential receptors will be addressed for these sites as for the Goss Cove Landfii. 
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7.3S.3 Area A 

The remainder of this section discusses environmental receptors in the Area A Wetlands, 
Downstream Watercourses, and the Over Bank Disposal Area. Environmental receptors in this 
area were characterized based on several site visits. 

The Area A Wetland comprises approximately 30 acres east of the Weapons Center, 
south and west of the Perimeter Security Road, and north of Area A Landfii (refer to Figure 
1-12, Site Plan Area A). The vegetation in most of the wetland is herbaceous and is dominated 
by the marsh reed Phragmites. Phragmites thrive in disturbed soil and provide poor habitat for 
birds and small mammals. A small area (approximately 300 feet by 350 feet) near the southern 
portion of the wetland is upland deciduous forest. Deciduous trees in this area include Black 
Cherry, Black and Gray Birch, Red Maple, and Staghom Sumac. Note that Staghom Sumac 
grows well in disturbed soils. Shrubs identified in this area are Multiflora Rose, American 
Bittersweet, and Blackberry. A more complete list of vegetation species observed in Area A is 
in Appendix F-l. 

A small pond is in the eastern portion of the wetland adjacent to the landfill. The pond 
is shallow (one to two feet deep) and choked with rooted aquatic vegetation (primarily 
Ceratophyllum). Numerous water beetles and insect larvae inhabit the pond. The bottom muck 
of the pond is black and one to two feet deep. 

A dike separates the wetland area from the downstream watercourses. The downstream 
watercourses are described in Section 1.2.5.8. A stream exits the dike on the west side of the 
Area A wetland and flows into a small pond approximately 200 feet downstream. Flow from 
the small’pond enters a stream that flows north and west toward Triton Avenue. This stream 
is culverted under Triton Avenue and Shark Boulevard and eventually discharges to the Thames 
River via the DRMO outfall. During wet weather or periods of high water levels, water from 
the pond discharges on the south side and enters a stream that flows through the Over Bank 
Disposal Area. This stream bypasses North Lake and flows through a series of culverts to the 
golf course. It eventually discharges to the Thames River. A second pond, to the south of the 
previously mentioned pond, is formed by ground water inflow and flows to the west around 
North Lake via culverts. 

The Downstream Watercourse area west of the dike is an upland deciduous forest. Tree 
species observed in this area include Red, Black, and White Oak, Black and Gray Birch, Red 
Maple, Beech, and Witch Hazel. The shrubs observed were Mountain Laurel, Sweet 
Pepperbush, Bayberry, and American Bittersweet. Appendix F-l contains a more complete 
species list of vegetation observed in Area A. 

In addition to vegetation, environmental receptors in Area A include resident and visiting 
birds, reptiles, amphibians, and mammals. A list of species observed in Area A is in Appendix 
F-l. 

The remainder of this section briefly discusses habitat and food requirements of those 
species that are likely to be predominant on the site. In certain cases, information on species 
not observed on the site but presumed to be present is included. The food and habitat 
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requirements of species that occur at the ends of food chains are emphasized as they may be the 
most vulnerable to the uptake of contaminants. d 

Invertebrates and plants serve as the base of the aquatic and terrestrial food web. Direct 
observations were not made of benthic invertebrates in the ponds and streams of Area A. 
Benthic invertebrates may be consumed by several of the resident species including fish and 
frogs. Fish may be present in the ponds, although none were observed there. Mallard Ducks 
feed on submersed vegetation in the ponds. 

The base of the food web for the terrestrial vertebrates will consist primarily of both 
detrital organic matter occurring within leaf litter and surficial soils and plant matter (leaves, 
bark, fruits, berries, and nuts). Many invertebrate and vertebrate species feed directly on these 
materials. 

Soil invertebrates and insects, a primary source of food to many vertebrate species on 
the site, serve as a critical component of the terrestrial food web. Earthworms are among the 
more important invertebrates that serve as food items. 

AmDhibians 

Frogs were observed to be abundant in the pond in the wetland area and in the streams 
of the downstream watercourse area. Species observed include Green Frog, Spring Peeper, and 
Leopard Frog. Frogs may be exposed to site related contaminants via several pathways. Their 
eggs are deposited in surface water, their larvae mature in surface water, and adults typically 
reside throughout their lifetime in the same pond in which they were reared. Their diet includes 
insects. 

Birds 

Diets of several of the bird species observed at the site are summarized below. The 
species described here represent a cross section of food habits and habitat requirements of birds 
residing at or visiting Area A. 

Mallard Duck: This duck’s adaptability has made it one of the most common wild ducks 
in the world. It is capable of breeding and maintaining its populations under a wide range of 
conditions. It feeds readily on land and requires very little water. The mallard eats many kinds 
of succulent plants, seeds, acorns, insects (particularly grasshoppers), many small aquatic 
animals, and probably all the grains grown within its range. It is resident throughout the year. 

SDarrows: Several sparrow species have been observed on the site. The House Sparrow 
is a permanent resident that feeds primarily on plant matter ranging from fruit and grain to 
garbage; it can be quite destructive to plants. When vegetable matter is not available, it will eat 
insects. The Swamp Sparrow wilI inhabit muddy areas such as bogs or swamps and it is seldom 
seen. They are seasonal residents generally between March and November. The food of the 
Swamp Sparrow consists of insects and the seeds of weeds; because of its proximity to aquatic 
habitats it often feeds on aquatic insects. The Field Sparrow is a seasonal resident in the 
northeast generally between April and November. This species is usually found in old fields and 
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bushy pasture areas. This species feeds on both plant and animal matter. It feeds largely on 
seeds of grasses and to less extent on those of garden weeds. Animal matter, mostly insects, 
has been observed to comprise about 40 percent of its diet. 

&rthern Mockingbird: This species is a permanent resident. The mockingbird feeds 
largely on insects. It will also feed on the fruit of a number of wild plant species. 

The food of the crow consists of almost anything edible alive or dead including Crow: 
birds eggs, young birds, mammals, reptiles, fishes, insects, crustaceans, and worms. Dead 
animals of any size provide a source of food. The crow will also eat plant matter including 
seeds, nuts, acorns, grains, and fruits. The crow is an extremely adaptable species and a 
permanent resident. 

Red-tailed Hawk: This species can be either a permanent resident or may migrate into 
or through the area. The food of the hawk consists largely of mice. It will also take rabbits, 
gophers, and squirrels. It will prey on snakes when they are present in abundance, but it rarely 
consumes birds. 

Gray Catbird: Catbirds are migratory species that breed at the edge of the marsh. Gray 
catbirds migrate to warmer climates starting in the early Fall after they have been fledged from 
the nest. The diet of newly hatched young and fledglings consists of worms, pillbugs, 
caterpillars, larvae, and beetles, i.e., terrestrial invertebrates inhabiting the ground layer. The 
fledglings reside in their territory for approximately 60 days before they migrate to warmer 
climates in early September. 

Mammals 

This section discusses the feeding habits of several mammal species either observed in 
Area A or expected to occur there. These species are discussed here because their feeding habits 
are representative of small mammals in Area A. 

Eastern Grav Sauirrel: This species observed in Area A is one of the more common 
small mammals in the northeast. Squirrels typically exhibit population densities of one to 16 per 
acre. The squirrel feeds primarily on plant matter and their diet consists of acorns, fungi, seeds, 
and berries. On occasion, it will consume small birds or carrion. Acorns are the major 
component of its diet during the winter. The species makes its home in trees and may live up 
to 15 years. 

Eastern Cottontail: This species observed in Area A lives in fields and thickets and is 
welI adapted for life in maturing woodlands. The diet consists almost entirely of plant matter 
including leafy material in the summer and bark and twigs in the winter. It does not make 
burrows of its own but may use those made by other species. It has a life span of about eight 
years. 

Woodchuck: This species observed in Area A is a common animal on the edges of 
fields. It makes its home in the ground where it digs extensive burrows. Its territory is generally 
less than 330 feet in length. Woodchucks have a varied diet comprised primarily of succulent 
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plants. However, it does eat insects and occasionally small rodents such as mice or voles. It 
lives up to nine years. i 

Muskrat: The muskrat’s habitat is marshes and wooded swamps. Muskrats were 
observed in the marsh portion of Area A east of the dike. They build their nests in mounds of 
non-woody plant stems. The muskrat’s diet consists mainly of aquatic vegetation, especially 
wild rice, cattails, and arrow heads although they may supplement their diet with aquatic 
invertebrates. 

Eastern ChiDmu& Chipmunks are classified as ground squirrels, living in 
subterranean burrows. They are commonly found in and near stone walls in the northeast. 
They are solitary animals and strongly territorial; their territories seldom exceed two acres. 
They may exhibit periods of inactivity during the hottest times of the summer and during winter 
when they remain in their burrows. They have a varied diet consisting of acorns, seeds, nuts, 
fruits, eggs, meat, and insects. A recent study showed that insects may comprise up to 20% of 
their diet during the summer. They have also been reported to eat mice, small birds, eggs, and 
small snakes. They may live for two to four years. 

White-Footed Mouse: This mouse species observed in Area A makes its home in 
ground burrows, abandoned birds nests, or hollows in trees or logs. The species has well 
defined small territories of approximately 30 to 100 feet in radius. It is a nocturnal feeder with 
an omnivorous diet. It feeds primarily on dried seeds and berries but may also eat insects and 
the carrion of small mammals and birds. It has a lifespan of about five years. r I 

Star-Nosed Mole: This species is a solitary animal that makes its home in damp or 
boggy soil. It feeds above ground as well as below on invertebrates associated with soils and 
leaf litter including earthworms, insects, snails, and slugs. It has also been observed to 
occasionally consume small vertebrates, as well as decaying plant matter. It is a good swimmer 
and diver and will eat aquatic insects and small fish. It is active throughout the year and has 
a lifespan of about two to three years. 

- 

Short-tailed shrew: This species is one of the most voracious predators of small 
invertebrates and other vertebrates. It nests underground; its runways usually parallel the 
surface and are located in the top ten centimeter of soil. The home range averages about five 
acres. Depending on habitat quality, density varies between one and 15 shrews per acre. 
Earthworms are the major diet item but millipedes, insects, and occasionally mice and voles are 
also eaten. Most shrews eat the equivalent of their body weight in food per day (8 grams). 
Breeding season lasts from February to September and gestation requires 21 days. Its lifespan 
is approximately one year. Populations are highly variable and occasionally crash. 

Raccoon: This species observed in Area A is common in rural areas and can also be 
found in developed regions. In most areas where raccoons are present, their density is 
approximately one per ten acres, although higher densities have been reported for some areas 
(several per acre). The species makes its home in hollow trees, logs, rock crevices, and ground 
burrows. The raccoon will eat practically anything from small birds and mammals to fruit, nuts, 
garden vegetables, and garbage. The species also feeds on various aquatic invertebrates and 
vertebrates such as frogs. It lives up to 14 years. 

PHASE I RI NSB-NLON 7-8 AUGUST 1992 



An otter has been observed in Area A in the downstream pond nearest the dike. Otter: 
The habitat of the river otter is rivers, ponds, and lakes in wooded areas. They dig their dens 
in the banks. They feed mainly on fish, but will also eat terrestrial invertebrates and small 
mammals such as mice. 

7.3.2 Identification of Exnosure Pathwavs 

7.3.2.1 Goss Cove Landfill 

Discharge of ground water from this site to the Thames River may effect river water and 
sediment quality. Benthic organisms in the sediments of the Thames River may ingest 
contaminated sediments. They are in direct contact with potentially contaminated interstitial pore 
water and may also ingest it. 

Potential exposure pathways for fish in the Thames River include direct contact with 
potentially contaminated surface water and ingestion of potentially contaminated suspended 
sediments and invertebrates. Non-mobile benthic organisms in the area of ground water 
discharge may potentially experience the greatest exposure concentrations prior to complete 
mixing of contaminants in the river. 

7.3.2.2 DRMO and Lower Subase 

/= Discharge of ground water from this site to the Thames River may effect river water and 
sediment quality. Organisms in the river may be exposed to contaminants via the pathways 
described above for the Goss Cove Iandfil. 

7.3.2.3 Area A Wetlands. Downstream Areas, and Over Bank Disuosal Area 

The primary ecological exposures to contaminants in Area A occur at lower trophic 
levels. These include exposures of plants and terrestrial soil invertebrates to contaminants in soil 
and shallow ground water in Area A wetland, downstream areas, and the Over Bank Disposal 
Area and exposures of aquatic plants and benthic invertebrates to contaminants in stream 
sediments in the downstream area. Exposures at higher trophic levels occur via ingestion of 
invertebrates by small mammals and birds and direct exposure of amphibians and other aquatic 
species (fish) to surface water and sediments. Incidental ingestion of soil and ingestion of surface 
water are other potential routes of exposure. 

Terrestrial plants are exposed at the root level to contaminants in soil and soil moisture. 
Longer rooted plants and plants in areas with saturated soils, such as wetlands, may be exposed 
to contaminants in shallow ground water. Exposure of aquatic vegetation to site contaminants 
may occur through two pathways. These are exposure to contaminants in interstitial pore water 
in the sediments and to contaminants in surface water. 

=z-. 
Frogs represent a maximally exposed upper tier of the food chain in this area. Their 

eggs are deposited in surface water, their larvae mature in surface water, and adults typically 
reside throughout their lifetime in the same pond in which they were reared. Frogs may absorb 
some compounds through their skin. Their diet includes insects. Amphibians may be exposed 
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to contaminants in interstitial water in sediment during the part of the year that they are dormant 
and to surface water and possibly contaminated food during the rest of the year. 

Both the Area A wetland and downstream areas are characterized by a shallow water 

-w 

table. Soil invertebrates in these areas may be exposed to contaminants that have dissolved from 
soils into soil moisture. Some invertebrates (worms) also ingest soil. Soil invertebrates will also 
be exposed to some extent to contaminants in ground water where the water table periodically 
intercepts the ground surface. 

Benthic invertebrates in ponds and streams in Area A will be exposed to site related 
contaminants in sediments and interstitial sediment pore water. 

Higher trophic level organisms, specifically, mammals and birds visiting or living at the 
site, will be exposed to compounds via ingestion of contaminated food. Those carnivores whose 
diets are comprised largely of soil invertebrates will be at greatest risk. Herbivores are less at 
risk, due to the substantially lower concentrations of compounds found in their diets. Berries 
and leaves typically contain orders of magnitude less of a given contaminant than soil 
invertebrates from the same location (Menzie et al., 1991). Along with the ingestion of soil 
invertebrates, other pathways of exposure for carnivores are soil ingestion (associated with the 
intake of soil invertebrates), ingestion and contact with surface water, and dermal contact with 
soils (burrowing). These exposures are considered secondary to ingestion of soil invertebrates 
and are difficult to quantify. 

Potential exposures to fish that may be present in the ponds in Area A downstream will 
be via direct contact with pond water and via ingestion of invertebrates that have accumulated 
the contaminants. Fish may be present in the ponds although none were observed there. Fish 
and aquatic organisms in the Thames River may be exposed to dissolved contaminants or those 
adsorbed onto suspended sediments transported from Area A in the downstream watercourses. 

7.3.3 Ouantification of ExDosure 

7.3.3.1 Goss Cove Landfill 

To assess exposures of aquatic invertebrates and fish in the Thames River to contaminants 
discharged in ground water from the Goss Cove La&ii, we estimated exposure concentrations 
based on dilution in the river at the point of discharge. We assumed that ground water in the 
overburden aquifer discharges to the Thames River. Most of the discharge is likely to occur 
along the banks of the river. A small mixing zone along the banks of the river will experience 
higher contaminant concentrations prior to complete mixing in the river. Since it is likely that 
the magnitude of this discharge is quite small compared to flow in the river due to freshwater 
input from upstream and tidal flushing, dilution will occur quickly. Dilution for the sites 
discharging ground water to the Thames River was estimated using the USGS Thames River 
average flow of 1300 cubic feet per second, a mixing zone 10 feet wide (compared to the width 
of the river of 2000 feet), and the ground water inflow to the site as reported in Section 3.0. 
At the Goss Cove Landfill, dilution is estimated to be on the order of 4/100. Note that this 
estimate is conservative in that it does not account for dilution due to tidal flushing. Therefore, 
the estimated average and worse case exposure concentrations will be approximately 4/100 of 

PHASE I RI NSB-NLON 7-10 AUGUST 1992 



the average and maximum ground water concentrations, respectively, of contaminants at the 
Goss Cove Landfill. These estimated concentrations are compared with EPA Ambient Water 
Quality Criteria (AWQC; EPA, 1986). 

7.3.3.2 DRMO and Lower Subase 

Ecological exposures to contaminants in ground water at these sites are estimated in the 
same manner as for Goss Cove La&ii. For DRMO, dilution is estimated to be on the order 
of 4/100, while it is estimated to be approximately 14/100 for the Lower Subase. 

7.3.3.3 Area A - Terrestrial ExDosures 

Since soil concentrations that produce toxic responses in plants are available in Plants: 
the literatuns for some contaminants, we used measured surficial soil or sediment concentrations 
at each sample location to assess risks to plants. This evaluation was conducted primarily for 
metals s&e organic contaminants are much less likely to be taken up by plants or to 
bioaccumulate in them (Menzie et al., 1991). 

&iJInvertebrates: The main exposure pathway of soil invertebrates to site contaminants 
is via interstitial water in soils. We estimate this exposure using two approaches. Both 
approaches (conservatively assume that the soil invertebrate is completely and constantly exposed 
to pore watjer. The fust approach assumes constant exposure of soil invertebrates to ground 
water discharging to the ground surface in wetland areas and uses the ground water 
concentration as the exposure concentration. The second approach uses the Equilibrium 
Partitioning (EP) Method to estimate soil moisture concentrations of organic contaminants from 
soil concentrations. Both methods compare exposure concentrations to Water Quality Criteria 
established by the EPA and No Observed Adverse Effect Levels (NOAELs) from literature to 
assess potential risk to environmental receptors. 

Soil invertebrates in contaminated areas may encounter elevated levels of compounds, 
while those in non-contaminated areas experience little or no exposure. We therefore calculate 
soil invertebrate risk on a localized basis (i.e., station by station). We use each station 
individually to assess risk to soil invertebrates for both approaches. 

To a,ssess risks to soil invertebrates due to direct exposure to ground water, we compared 
ground water concentrations with Water Quality Criteria for shallow wells where it appeared 
possible for ground water to intercept the ground surface for at least part of the year. For this 
assessment, we chose shallow overburden wells in the Area A Wetland (2WMW3S, 2WMW5S, 
and 2WMW6S), Area A downstream (2DMWllS and 2DMW16S), and Over Bank Disposal 
Area (3MW12S) that have well screens no more than 15 feet below the ground surface. Of 
these, wells 2WMW5S and 3MW12S best represent exposure concentrations because they are 
closest to areas where ground water discharges to the ground surface. 

To a.ssess risks to soil invertebrates due to exposure to interstitial pore water and soil 
moisture by the EP Method, we considered only surface and near-surface soil samples from 
within the Area A Wetland, downstream area, and OBDA as representative of environmental 
exposure. We restricted our assessment to soil samples collected within four feet of the ground 
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surface in these areas. 

The following relationship was used to calculate a chronic sediment quality criterion from 
chronic Ambient Water Quality Criteria or from NOAELs (Markwell et al., 1989): 

c, = x K,m f, C, 

where: 

c, = equilibrium concentration of chemical in soil or the chronic sediment 
quality criterion @pb) 

X = proportionality constant 
K, = octanol/water partition coefficient 

= 
y = 

nonlinearity constant 

i?w = 
organic carbon fraction 
equilibrium concentration of chemical in soil pore water or Ambient 
Water Quality Criterion or NOAEL (ppb) 

In this case, the relationship I& = x K, m was substituted into the equation. The toxicity 
quotient was then calculated as the sediment criterion divided by the measured soil concentration. 

Soil concentrations and a simple analytical model were used to predict the body burdens 
of PAHs and DDT and its metabolites DDD and DDE in soil invertebrates. (DDT and its 
metabolites are also called DDT residues or DDTR.) DDTR and PAHs were chosen for this 
assessment because they were detected at elevated concentrations in soils and because of their 
potential to bioaccumulate. The estimated body burdens are used to represent the dietary intake 
of contaminants by mammals and birds that feed on soil invertebrates. Because birds and other 
mammals are assumed to forage throughout the site, and even though the soil concentrations are 
not normally distributed, we use the arithmetic mean of soil concentrations to estimate a mean 
soil invertebrate concentrations to assess bird and mammalian exposure. If the wetland 
soil/sediment sampling was not random (i.e., if samples were collected based upon suspected 
areas of contamination), then the arithmetic mean would be a conservative estimate of exposure 
point concentration. 

Appendix F-2 contains statistical summaries of the soil concentrations for Area A. The 
data are presented by area and include the number of samples, number of times each compound 
was detected, maximum concentration, and arithmetic mean. 

From this soil data, mean soil invertebrate body burdens of DDTR and PAHs were 
calculated based upon a bioaccumulation model proposed by Markwell et al. (1989) for 
oligochaete worms. The model estimates residues by evaluating the distribution of contaminants 
among three compartments: soil, soil moisture, and invertebrate tissue. The soil moisture 
concentration C, is calculated in accordance with the previous equation using the values of 
Markwell et al. for the empirical constants: 

x = 0.66 
m= 1.029 
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/I They also state the following relationship between soil organisms and soil pore water: 

c, = &VI YL K0XVP 

where: 

c, = persistent organic chemical concentration of organism 
cwr = equilibrium concentration of chemical in pore water 

= 
2 = 

lipid content of organism 
octanol/water partition coefficient 

P = nonlinearity constant 

Markwell et al. suggest that p approaches unity in most cases. Thus, for this application, p was 
assigned a value of one. 

Subs,tituting for Cwr, K,, x, and m in this expression results in the relationship: 

c, = (C, Y,/ f,) (K,-“.028/0.67) 

The resulting estimated bioaccumulation factors are dependent primarily on the organic carbon 
content of the soil and lipid content of the soil organism. An organic carbon content of 5 % was 
assumed for site soils and sediments. A lipid content of two percent was assumed for soil 
invertebrate;s based on the work of Stafford et al. (1988) on the earthworm Lumbricus terrestris. 
The resulting estimates of soil invertebrate body burdens of DDTR and PAHs are used to 
calculate contaminant dose and body burdens in higher trophic levels. 

&Bbibians: On April 14, 1990, aquatic biota sampling was performed in Area A 
wetland and1 downstream watercourse areas. The objective was to collect fish samples from 
within the ponds in the downstream area. No fish were observed on that date, but numerous 
frogs were observed. Therefore, frogs were collected instead. The frogs were caught with a 
net or a hook and line. 

Four frogs were collected from the pond in the wetland area and two were collected from 
streams in the downstream area below the dike. Frog collection locations are on Plate 6-l. The 
frogs were analyzed for pesticides, PCBs, metals, and body lipids. A control frog was collected 
from a pond presumed to be uncontaminated at the Manomet Bird Observatory in Massachusetts. 
The analytical results are in Table 7-l. Note that pesticides and PCBs were not detected in frog 
tissues above the sample quantitation limit. 

Bi&s and Mammals: The dietary exposure point concentrations for birds and mammals 
that feed on soil invertebrates, estimated as described above, are used to estimate the daily dose 
of compounlds to them. The estimates are used to predict possible effects and risks. 

A simple bioaccumulation model was used to predict the body burdens of DDTR and 
n PAHs in mammals and birds using bioconcentration factors (BCFs). We restricted this analysis 

to DDTR and PAHs because they were the predominant contaminants on site; DDTR is known 
to be potentially accumulated and transferred in terrestrial food webs. Estimates are compared 
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TABLE 7- 1 (continued) 
AREA A WETLANDS 

SUMMARY OF TISSUE ANALYTICAL, DATA (FROG) 

SAMPLE ID: LOWER STREAM 1 LOWER STREAM 2 LOWER STREAM 2 MB0 18 MB0 18 
PARAMETER MATRIX: Frog Tissue Frog Tissue Frog Liver Control Frog Tissue Control Frog Liver 
Percent Body Lip* (mg/@) 5 ND 93.3 ND 7.5 

Cyanide ND 

Pesticides/PCBs 1 ND 

5.4 NA 
TCL PESTCIDEs/pCBs (ppm) 

ND ND 

56 NA 

ND ND 

NOTES: 
1) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.2 fa further explanation. 

2) ppb indicates a concentration of parts per billion; ppm is parts per million. 

3) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NAindicates not analyzed. 



to concentrations in field collected birds from the site. The model uses estimates of 
concentrations of compounds in diet and an estimate of the relative consumption of a particular 
diet. The resulting equation is: 

Cb = 

where: 

c, = 
BCF = 
Cf = 
D frac = 

Bioconcentration 
reported literature values and are presented in Table 7-2. 

whole body (wet weight) concentration in animal 
bioconcentration factor (dry weight food to whole animal, wet weight) 
Concentration of contaminant (dry weight) 
fraction of animal’s diet consisting of the contaminated food 

factors for birds and mammals for DDTR and PAHs were obtained from 

I TABLE 7-2 I 
DDTR BIOCONCENTRATION FACTORS FOR BIRDS AND MAMMALS 

Animal BCF source 

Short-tailed Shrew 0.2 Forsythe and Peterle (1984) 

Vole 0.3 

White-throated Sparrow 2.2 

I 

Forsythe and Peterle (1984) 

Mahoney (1974) 

rBCF reported as food (dry weight) to whole body (wet weight). I 

Field data were obtained on body burdens of pesticides, PCBs, and metals for some 
higher trophic level organisms in the terrestrial food web. This entailed collecting song birds 
from the wetland and downstream areas and analyzing body burdens (Plate 6-l). 

Fledgling catbirds were collected for this purpose because they had not yet migrated 
outside the study area. Catbirds breed at the edge of the marsh. Gray catbirds migrate to 
warmer climates starting in the early Fall after they have been fledged from the nest. Therefore, 
if mature birds were sampled and the chemical analysis of their tissue detected pesticides or 
other contaminants, it would be more difficult to determine whether exposures occurred within 
the study site or at other migratory designations. 

Once catbird eggs hatch, the young are fed for 12-14 days in the nest, then young birds 
fledge the nest and feed within their territorial boundary (approximately 2.5 acres) for one to 
two months. Catbirds lay three to five eggs and the eggs hatch between late June and July. The 
diet of newly hatched young and fledglings consists of worms, pillbugs, caterpillars, larvae, and 
beetles, i.e., terrestrial invertebrates inhabiting the ground layer. Their exposures to pesticides 
would occur through diet and contact with contaminated water, soil or vegetation. The 
fledglings reside in their territory for approximately 60 days before they migrate to warmer 
climates in early September. The collection of fledgling catbirds occurred at the Groton site in 
late August. Therefore, pesticides detected in their tissues can be associated with exposures 
occurring within their territory of 2.5 acres. 
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lh We did not observe catbird eggs in the study area because at the time of sampling in 
August, the: catbird’s egglaying season had already passed. Note that song bird eggs do not 
usually exhibit shell thinning usually associated with DDT exposure. Predatory birds are noted 
for this reproductive abnormality associated with pesticide exposure. 

Fourteen gray catbird fledglings were trapped in the Wetland A and downstream areas 
with nets and sacrificed by a physically nondestructive and nonchemical method. Three birds 
were collected from an offsite reference area in Plymouth, Massachusetts to represent offsite 
birds from an uncontaminated area. The reference area is used by the Manomet Bird 
Observatory for the study of bird populations. The bird specimens were stored in borosilicate 
glass containers. The specimens were debeaked, declawed, and their guts were removed before 
chemical analysis for pesticides/PCBs, metals and body lipids. The analytical results of bird 
specimens <are in Table 7-3. Note that pesticides and PCBs were not detected in bird tissues 
above sample quantitation limits ranging from 0.75 to 1 mg/kg. 

7.3.3.4 Area A - Aauatic ExDosures 

Fish and aquatic invertebrates may be exposed to contaminants in surface water in the 
ponds in the downstream areas, although no fish were observed there. We evaluated these 
exposures via comparison to Ambient Water Quality Criteria and effect levels reported in the 
literature. IBenthic invertebrates will be exposed to contaminants via the interstitial pore water 
in sediments in the ponds and streams. We estimated exposure concentrations for these 
organisms by using the equilibrium partitioning method. 

7.3.4 Uncertaintv in Exposure Estimates 

Uncertainty in the exposure estimates arises from the assumptions underlying the 
estimates. Although we have made conservative assumptions where possible and used 
documented approaches in estimating exposure concentrations, there is uncertainty in the nature 
of the process. 

Exposure concentration estimates presented here for the Thames River are based on 
general assumptions and not on measurements of flow rates or mixing areas within the river. 
Therefore, the degree of uncertainty in these estimates is great, and they should be viewed as 
a qualitative evaluation only. 

=-f-- 

The second source of uncertainty relates to the collection stations for frogs. Frogs were 
collected from the pond in Area A Wetland and from streams in the Downstream Watercourse 
Area. No chemical analyses were performed on sediments from the pond in the wetland. We 
are, therefore, unable to compare exposure concentrations with body burdens for frogs collected 
from this pond. Frogs were not collected from the small ponds in the eastern part of the 
Downstream Watercourse Area; chemical analyses of sediments indicated elevated levels of 
DDTR in these ponds, the highest levels detected in Area A. We are unable to compare frog 
body burdens from this area with exposure concentrations. At the time the frogs were collected, 
the contaminant distribution in sediments was not well characterized. Therefore, results of frog 
tissue analysis, while representative of the areas sampled, may not represent the DDTR levels 
of amphibians in the more highly contaminated regions of Area A. 
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TABLE 7-3 
AREA A WETLANDS 

SUMMARY OF TISSUE ANALYTICAL, DATA (BIRD) 

2900 2600 m 4400 
1 1 1 Chromium ND 1.4 ND ND j ND 1 ND 5.9 ND ND 

cobalt [ ND 1 ND 1 ND 1 ND / ND 1 ND 4.5 ND ND 
11 

130 
ND 
310 

-2.J 
ND 

8 
4100 

1 ND ) ND TcYPEmIDBN&m 1 ND 1 ND 1 ND 1 ND 1 ND 
(ppm) 

ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 ND 1 PesticidesKI% 1 



’ SAMPLE 
PARAMETER v 

ID: MB0 10 MB0 11 1 MB0 12 1 MB0 13 1 MB0 14 1 MBC 
MATRIX: Bird Tissue Bird Tisr 

Percent Body Lipids (mg&m) 17 18 16 1 13 7 

1 15 MB0 16 MB0 17 

TABLE 7-3 (continued) 
AREA A WETLANDS 

SUMMARY OF TISSUE ANALYTICAL DATA (BIRD) 

Pesticides/PCBs I ND I ND 1 
TCL l’Efl~DESflC.3~ (ppm) 

ND 1 ND 1 ND 1 ND ND ND 

NOTES: 
1) Assigned letters adjacent to numerical values are data qualifiers. Refer to Section 2.2 fcr further explanation. 

2) ppb indicates a concentration of parts per billion; ppm is parts per million. 

3) ND means not detected, less than detection limit. Refer to Section 2.2 for further explanation. NAindicates not analyzed 



There is some uncertainty associated with the pesticide analytical results. The detection 
limits were relatively high in both frog and bird samples (range of 0.75 to 1 mg of contaminant 
per kg of tissue) compared to the laboratory method blanks within the sample batches. The 
detection limit in the reagent blank was 0.3 mg/kg. The reagent blank results indicate how well 
an instrument is performing on that day. The matrix spike recovery was within the normal 
acceptable range. Matrix spike analysis reveals if a known quantity of pesticide can be detected 
within the actual sample medium. Based on the matrix spike and blank results, it is possible that 
the high detection limits may be due to matrix interferences within each sample. The laboratory 
was asked to re-examine the chromatographs. This review indicated a low signal in tissue 
samples that DDE was present in trace amounts below the sample quantitation limits (0.75 to 
1 mg/kg). * 

7.4 Toxicitv Assessment 

7.4.1 Plants 

Although plants can take up organic contaminants from soil moisture and ground water 
via their roots, in general, uptake is quite low compared to soil concentrations. Some native 
plants growing in soils with high levels of DDTR contamination accumulate DDTR at very low 
levels (on the order of 0.02 mg/kg) while other native plants do not accumulate DDTR to 
detectable levels (Menzie et al., 1991). Based on this information, we concluded that risks to 
plants from organic contaminants at the site are low, and we did not address them further. 

The literature provides concentrations of metals that produce toxic responses in plants. 
Rinne (1986) provides the equivalent of No Observable Adverse Effects Levels (NOABLs) for 
plants and higher trophic level organisms that may be exposed to accumulated levels of 
contaminants in plants. 

7.4.2 Soil and Benthic Invertebrates 

Several analyses presented in this report involve predicting the potential risks associated 
with exposure of soil and benthic invertebrates to contaminants that have dissolved into either 
ground water, soil moisture, or sediment pore water. In evaluating these risks, information is 
needed on the concentrations of contaminants in water that may pose risks to invertebrates that 
are either immersed in or are in communication with contaminated water. 

Information on toxicity of compounds of interest to terrestrial invertebrates in contact 
with ground water was unavailable; in lieu of these data, aquatic invertebrate toxicity values 
were used to predict effects which may pose similar risks to terrestrial invertebrates in contact 
with water. Toxicities of compounds to terrestrial invertebrates may differ from those to fresh 
water invertebrates. However, the assumption that the terrestrial invertebrate is exposed to as 
much water as a freshwater invertebrate is highly conservative. 

Ambient Water Quality Criteria and acute and chronic No Observed Adverse Bffect 
Levels (NOABLs) were used to develop criteria such that aqueous concentrations below these 
values would not pose a risk to invertebrates. Many of the NOAELs are based upon effects of 
compounds on Daphnia magna and Daphnia nulex (water fleas). Information on NOABL values 

w= 
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used in this assessment was obtained or derived from a variety of sources and methodologies, 
detailed below: 

I 
Source I Data Used to Derive Toxicity Criteria 1 

1 EPA Water Quality Criteria (1986) 1 WQC or LOAEL I 
1 EPA Interim Sediment Quality Criteria (1988) I Interim PAH WQC I 
I Acquire Database (1990) 1 Lowest NOAEL or LC, I 
I Literature R.eview I Lowest NOAEL or LC, I 

The following methodology was used to derive toxicity criteria: 

If an EPA ambient water quality criterion (WQC) for a compound of interest was 
available, that WQC was used. If no WQC was available for the compound, but 
EPA. did provide an acute or chronic lowest observed effects level (LOAEL), the 
LOAEL was multiplied by 0.1 (an uncertainty factor of 10) to arrive at an acute 
or chronic NOAEL value. This approach is similar to the derivation of 
toxicological values for hazard assessment to humans. A factor of 10 (rather than 
100 Ior 1000) is used since we are evaluating risks to local populations rather than 
any ,specific sensitive individual animal. 

For polynuclear aromatic hydrocarbons (PAHs), EPA has developed interim 
water quality criteria for fluoranthene, pyrene, benzo(a)pyrene, and 
benzo(a)anthracene. Since no other information on toxicity of PAHs to aquatic 
organisms was available, PAHs whose structures are similar to any of those 
PAI& for which WQC have been developed were assigned an equivalent WQC. 
For example, EPA assigned a chronic WQC of 1.2 ug/l for benzo(a)pyrene; 
therefore, in our assessment indeno(l,2,3-cd)pyrene, dibenz(a,h)anthracene, and 
benzo(g,h,i)perylene were also assigned a chronic WQC of 1.2 ug/l, since these 
compounds have a similar chemical structure and may induce similar toxic 
effects. 

For ;some of the compounds, toxicity information was available through EPA’s 
Acquire database. The lowest NOAEL or LOAEL reported for the compound 
was used; if a LOAEL value was obtained, it was adjusted (by a factor of 0.1) 
as mentioned previously. 

Recent literature was also reviewed for toxicity data. If the only toxicity data 
available were LCs, values, we selected the lowest LCs, value for aquatic 
invertebrates, usually Dauhnia magna or DaDhnia nulex (water flea) and 
mult:iplied the value by 0.3 to obtain an acute criterion and by 0.05 to obtain a 
chronic criterion. These values are based upon general information concerning 
the relationship between LCs$ and acute and chronic acceptable concentrations. 
The method is similar to those applied in water quality evaluations for toxic 
National Pollutant Discharge Elimination System discharges. 
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A summary of the acute and chronic toxicity criteria used in this study to assess risks to 
invertebrates is provided in Table 7-4. Note that many of the screening criteria used in Section 
4.0 are based on human health risk associated with fish consumption. The toxicity values used 

here are more applicable and appropriate for an ecological assessment. 

--1 

Note that toxicity data were not available for several compounds detected in 
environmental media accessible to ecological receptors. These compounds include carbon 
disulfide, 2-methylphenol, 4-chloroaniline, dibenzofumn, and 2-nitroaniline. Carbon disulfide 
was detected in wetland and downstream area soils, and in sediments and surface water in the 
downstream area at low concentrations (a few ug/l or ug/kg). Since carbon disulfide can be 
naturally occurring and it was detected in environmental media in Area A at low levels, we 
assumed that it posed no risk to ecological receptors. The other four compounds for which no 
toxicity data were available, 2-methylphenol, 4-chloroaniline, 2nitroaniline, and dibenzofuran, 
were only detected in one or two surficial soil or sediment samples at relatively low 
concentrations. (The detected concentration of 2nitroaniline in a pond sediment sample was 3.1 
mg/kg. Concentrations of the other compounds were less than 1 mg/kg.) Based on the isolated 
presence of these compounds and their detection at relatively low concentrations, we did not 
address their associated risk further and assumed that they do not pose a risk to environmental 
receptors in Area A. 

7.4.3 Fish and Aauatic Owanisms 

Exposure concentrations were compared to EPA Ambient Water Quality Criteria to assess 
toxicity of ground water discharging from Goss Cove Iandffl, DRMO, and the Lower Subase 
to the Thames River and to assess toxicity of surface water in Area A. If an AWQC was not 
available but a LOAEL was given, a NOAEL was estimated as 10 per cent of the LOAEL. 
These comparisons are on Tables 7-5 (Goss Cove Landfill), 7-6 (DRMO), 7-7 (Lower Subase), 
and 7-8 (surface water in Area A). 

d 

7.4.4 Birds and Mammals 

Information was developed on the threshold NOAEL values for exposure to DDTR and 
PAHs in the food of birds and mammals. This assessment is restricted to these compounds 
based on their toxicity, detection on site, and the potential for DDTR to biomagnify in the food 
chain. The toxicity information was acquired through computerized literature searches and 
through reviews of studies summarized or presented in EPA’s Integrated Risk Information 
System, EPA’s Health Effects Assessment Summary Tables @EAST), Agency for Toxic 
Substances and Disease Registry Profiles, and United States Fish and Wildlife Service reviews 
of contaminants. 

An effort was made to identify information for three general classes of biological effects: 
lethality, reproductive/developmental endpoints, and other chronic effects (e.g., enlargement of 
liver or blood effects). There is a large number of data gaps in the available information. 
However, some information was available on most of the predominant compounds. 
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TABLE 7-4 
TOXICITY CRITERIA FOR SOIL AND BENTHK INVERTEBRATES 

Parameter 

Noncmrinoted Aroma&& 

Benzene 

Acute Criterion Clmmic Criterion 
Wl) h.$l) 

VO+ATILl$ (#KXNI~ COMpouNDS 

3000 500 

Reference 

b 

Ethylbenzene 22500 3750 b 

Toluene 3810 635 b 
I I I 

Xylene (total) 4050 675 b 

l%l&mted Compounds 

Chloromethalne 

1,l -Dichloroethane 3480 580 b 

1,2-Dichloroethane 11800 2000 a* 

1,l -Dichlorclethene 3480 580 b 

1 ,ZDichlorolethene (total) 3480 580 b 

Methylene Chloride 68000 11000 b 

Tetrachloroethane 9320 

Tetrachloroethene 528 

Trichloroethene 4500 

1 1,l -Trichloroethane , 5400 

1,1,2-Trichloroethane 5400 

2400 

84 

2190 

900 

a* 

a* 

b 

b 

Vinyl Chloride 

Other VOCs 

Acetone 

I 
: 

30000 5000 I b 

2-Butanone 30000 5000 I b 

4-Methyl-2-Pentanone 

Carbon Disulfide 
I I I 

j aJn!fI;yoLAmE coMp%r~s~,;, .. .: .; “:?c. .-j; :; 

Noncarc@ogenii PAas .’ 1. 
:. . . . . .:,.: :: ., . . : . . ..j. .,; .,,..,. / _:.,j ., .“,:., : .:. . . :: : 

Acenaphthene ---r--E1300 

Acenaphthylene I 250 I 13 I c** 

Anthracene I 250 I 13 I c** 

Fluoranthene I 250 I 13 I C 

Fluorene 

2-Methylnaphthalene 

250 13 c** 

- - 

Naphthalene 
I 

230 
I 

62 
I 

a* 
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TABLE 7-4 (continued) 
TOXICITY CRITERIA FOR SOIL AND BENTHIC INVERTEBRATES I 

I Parameter Acute Criterion 
I 

Chronic Criterion 
lug/l) (w$) 

Reference 
I 

Benzo(a)anthracene 

1 4,6-Dinitro-2-methylphenol 1 I I I 
1 2-Methylphenol 

4-Methylphenol 

Phenol 256 

Benzoic Acid 6450 bWh* 

1 4,4’DDT 

1 Beta-BHC e* 

Endrin 0.18 0.0023 I a 1 
Emin Ketone 

Methoxychlor 0.03 a 
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TABLE 7-4 (continued) 
TOXICITY CRITERIA FOR SOIL AND BENTHIC INVERTEBRATES 

I Parameter Acute Criterion 
I 

Chronic Criterion 
bg/l) @g/1) 

Reference 

2 0.014 a 

2 0.014 a 

INORGANICS 

1 Metals 

I Aluminum I I I 

85 

160 a* 

4.8 a* 

13 0.53 a* 

3.9 

18 

82 

1.1 

12 

1000 

3.2 

I Manganese 

Mercury 2.4 0.012 

Nickel 1400 160 

Selenium 260 35 

Zinc 120 110 

a - USEPA (1987) 
b - Acquire database 
c - USEPA (b) (1988) 
d - US ACOE (May 1984) 
e - IBIS database 
* AWQC calculated as 10% of LOAEL provided in listed source 
** AWQC estimated from listed source 
*** AWQC acute and chronic calculated as 0.3 and 0.05 of LC50, respectively 
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I RISKS TO BIOTA IN THE THAMES RIVER GOSS COVE LANDFILL I 

Parameter 
Ambient Water QuaIity Criteria (ug/l) Maximug Average 

Concentration Concentration 
Acute Chronic (ugfl) 

ChlurWted Compounds 
1 ,ZDichloroethene (total) 4500 2190 12 5.5 ” 
Vinyl Chloride 5 5 
other vocs ‘;j. 
Acetone I I I iKl I 179 ‘. I I I I 

-Methyl-2-pentanone I I 200 54 
a-- -- __A& > -- -^-_-----I 
SEMI- VoLA3’fiE CUMP ” tIv”y 

Noncarcinogenic PAlys 
Acenaphthene I 170 I 52 

L ““‘.“U 

11 I 7 

I I I 
Metals .:..,: 
Aluminum 84 
Arsenic 85 4.8 : 5.2 
Boron 5oooo 13450 

1. Maximum and average is for shallow wells in Goss Cove Landfill. Shading indicates value over AWQC. 
2. Only compounds detected in at least one shallow ground water sample from Goss Gove Landfill are listed here. 
3. Ambient Water Quality Criteria for the protection of freshwater organisms are from EPA, 1986. 
4. Criteria for volatiles and semi-volatiles are LOAEXs (EPA, 1986) multiplied by an uncertainty factor of 0.1. 
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I TABLE 7-6 
RISK TO BIOTA IN THE THAMES RIVER DRMO SITE 

1 , 1-Dichloroethane 

Ambient Water Quality Criteria (ug/l) MaxilnuIn Average 
Concentration Concentrtitio 

Acute Chronic 0%~) wn) 

voklt& organic contpounds ::.. 

3480 580 I 2 2.4 

1 1,2-Dichloroethene (total) 1 2 2 

2190 8 3.6 

Metids 

85 4.8 18.6 7.84 

8800 5900 

3.9 1.1 4 2.72 

18 12 355 79.36 

1000 4880 1266.6 

I Lead I 3.4 I 2.68 

~ Manganese 1000 391.5 

i Nickel 1400 160 23.2 18.98 

Selenium 260 35 23.5 12.38 

Zinc 120 110 356 81.06 

1. Maximum and average is for shallow wells in DRMO. 
2. Only compounds detected in at least one shallow ground water sample from DRMO are listed her 
3. Ambient Water Quality Criteria for the protection of freshwater organisms are from EPA, 1986. 
4. Criteria for volatiles are LOAELs (EPA, 1986) multiplied by an uncertainty factor of 0.1. 
5. Shading indicates value over AWQC. 

PHASE I Rx NSB-NYLON 7-27 AUGUST 1992 



I TABLE 7-7 
RISKS TO BIOTA IN THE THAMES RIVER 

LOWER BASE I 

Ambient Waste Quality Criteria @g/l) 

Xylene (total) 18 3.15 

Styrene 2 0.08 
., chtorinated Campounds .::: 

: 

1,l -Dichloroethane I I 15 2.98 

Boron 42000 7753.75 

Cadmium 3.9 1.1 25.5 3.82 

Copper 18 12 15.6 11.34 

Iron 1000 11600 2461.50 

Nickel 1400 160 27.2 19.73 

Selenium 260 35 22 9.36 

Zinc 120 110 63.4 20.68 

1. Maximum and average is for shallow wells at Lower Base. 
2. Only compounds detected in at least one shallow ground water sample from Lower Base are listed here. 
3. Ambient Water Quality Criteria are from EPA, 1986. 
4. Criteria for volatiles are LOAEIJ (EPA, 1986) multiplied by an uncertainty factor of 0.1. 
5. Shading indicates values over AWQC. 
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TABLE 7-8 
RISKS TO AQUATIC ORGANISMS - AREA A 

Amblent Water 

I 
Qaality cri:era 

Acute Chronic 

Catbm Disulfide 

AlUIUiUl.Ull 

Boron 

cadmium 

copper 
Iron 

Mangaoese 
Me--y 

Nickel 
Selenium 

3.9 1.1 
18 12 

loo0 
82 3.2 

2.4 0.012 
1400 160 
260 35 
120 110 

kwnstream Watercourses 1 
LDS”-‘-i 2DSV2 2DSiV4 2DSW3 2DSW5 2DSW7 2D!W8 2D!SW9 2DSWlO D!Wl 1 

ND ND ND ND ND ND 6 ND ND ND1 
ND ND 

ND ND ND 3 ND ND ND 

ND ND ND ND 3 ND ND ND ND ND 

2200 1600 1600 1600 3300 1800 1700 2m 1200 3300 
ND ND ND ND ND jsJD Nl) 

ND ND ND ND ND ND ND~~~~~ <.. (,.‘.y;.:.:.:. . . . .T . . . m ND 
. . . . . ..A. i.............. 

ND ND ND ND ND ND ND ND ND ND 
ND ND ND ND ND ND ND ND ND ND 
13.2 19.4 12 18 16 22.4 18.4 19.5 17.1 18 



IXylene (total) 
Styrene 

TABLE 7-8 (continued) 
RISKS TO AQUATIC ORGANISMS - AREA A 

Boron 
Cadmium 
COPPM 
Iron 

Manganese 
Mercury 
Nickel 
Selenium 
Zinc 

mblent Water WetIand Wetland 
!uality Critera 7!SWl 2DSW12 DSWl 2WSWl 2wsw2 
Acute Chronic Stream Thames 

ND 4 2 ND ND 
ND ND ND ND ND 
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f~clor0f0.1. 



Doses to Birds (mg/kg/day) Dose to Mammals (mg/kg/day) 

Potential Potential Potential 
Parameter Potential Reproductive/ Potential 

Other Chronic Potential Reproductive/ Other 
Lethal Effects Developmental Effects Lethal Effects Developmental chronic 

Effects Effects Effects 

IDTR 8 0.08 0.29 0.1 2.3 

‘AH.9 400 0.79 

1. DDTR value in birds is estimated as the lowest LD50 value available in the literature multiplied by 0.01; 
this LD50 value was for pheasant assuming they ate 5% of their body weight per day (Lamb et al.). 

2. DDTR reproductive value for birds estimated as lowest available reported effects value of 4 mg/kg for 
finches; am ingestion rate of 20% of body weight per day was assumed (Garten and Trabalka, 1983). 

3. DDTR lethal effects value for mammals is the reported mortality level for rats from long term studies 
multiplied by 0.1 (ATSDR, 1988). 

4. DDTR development effects value for mammals is the NOAEL for rats multiplied by 0.1 (ATSDR, 1988. 
5. DDTR chronic effects levels in mammals is lowest NOAEL value multiplied by 0.1 (ATSDR, 1988). 
6. PAH lethal effects level for birds is NOAEL multiplied by 0.1 (Eisler, 1987). 
7. PAH chronic effects value for mammals is the average RfD for 6 PAH compounds multiplied by 10 

(EPA, 1991). 

7.4.5 Uncertainties Related to Toxicitv Information 

---. The .uncertainty in the development of toxicity criteria for soil invertebrates stems from 
the use of aquatic invertebrate toxicity data and from estimating NOAELs from LCsO data. 
Toxicities of compounds to soil invertebrates may differ from toxicities to fresh water aquatic 

The general procedures used to develop the NOABLs used in this analysis are: 

1. Where m-type values presented in the EPA’s HBAST Tables are used, they 
were multiplied by a factor of 10 in recognition of the fact that risks to 
ecological receptors are evaluated not on an a “sensitive” individual basis but 
on a local population basis. 

2. If data were available for LOAEL levels in an animal species, these were 
divided by a factor of 100 to take into account that it is a LOAEL and to 
adjust for uncertainties associated with other inter-species extrapolations. 

3. If data for NOAEL levels were available, these values were adjusted by 
dividing by a factor of 10 to account for inter-species extrapolations. 

4. In some cases where a variety of data were available, a best estimate of 
NOAEL values were made. 

These methods are similar to those used in human health risk assessment. Summaries of 
NOAEL values used in this assessment for birds and mammals are in Table 7-9. 

TABLE 7-9 
DOSE RESPONSE VALUES FOR BIRDS AND MAMMALS 
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invertebrates. However, soil invertebrates are generally only exposed to contaminants in soil 

moisture and this exposure is much less that of aquatic invertebrates immersed in water. 
Therefore, we feel that the use of toxicity data from aquatic invertebrates results in the 
development of conservative criteria. We accounted for uncertainty in the developing toxicity 
criteria through the use of uncertainty factors (Refer to Section 7.4.2). 

We also relied on the use of uncertainty factors in developing NOAEL for birds and 
mammals (Section 7.4.4). The main source of uncertainty in this part of the assessment is 
related to the interspecies use of toxicity data. 

7.5 Risk Characterization 

The risk characterization relies upon the Toxicity Quotient Approach as well as on direct 
observations of conditions in the field. These approaches provide an overall “weight of 
evidence” approach for the assessment. The Toxicity Quotient approach involves comparing an 
exposure concentration to a NOAEL. Values that exceed ” 1” (exposure/effects level) are 
considered to be indicative of potential risk. Such values do not necessarily indicate that an 
effect will occur but only that a lower threshold has been exceeded. Because the NOAEL values 
typically have uncertainty factors of 10 built into them, it is useful to evaluate the significance 
of the Toxicity Quotients as follows: 

Toxicity Quotient Exceeds ” 1” : some small potential for environmental effects; 

Toxicity Quotient Exceeds ” 10”: good potential that greater exposures could 
result in effects based on experimental evidence; 

Toxicity Quotient Exceeds “100”: effects may be expected based on the fact that 
this represents an exposure level at which effects have been observed in other 
species. 

In some cases, this section directly compares exposure point concentrations to known 
toxicity data or developed criteria. 

The toxicity quotient approach as used here assumes that risks within a class of 
compounds (e.g., for VOCs) are additive. This does not take into account possible synergistic 
or antagonistic effects among the compounds. 

It should be noted that risks as characterized above provide some insight into general 
effects upon animals in the local population. However, they do not indicate if population-level 
effects will occur. Such an assessment requires careful consideration of the local factors 
affecting populations. We assume that if effects are judged to be insignificant at the average 
individual level they are probably insignificant at the population level. However, if risks are 
present at the individual level they may or may not be important at the population level. 

7.5.1 Goss Cove Landfii 

Contaminants in ground water are predicted to be discharging to the Thames River. 
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However, most of the organic compounds detected in ground water at this location were at 
concentrations well below their AWQC or NOAELs (Table 7-5). The exceptions were 
naphthalene and 2,6dimethylphenol whose maximum concentrations detected in one ground 
water sample were above their respective NOAELs. The average ground water concentrations 
of these compounds for this site were below the NOAELs. Since the average ground water 
concentration is more representative of concentrations discharged to the Thames River from this 
site, the organic compounds in ground water at Goss Cove Landfill are unlikely to pose a risk 
to aquatic biota in the river. 

i-x 

Of the metals detected in ground water, maximum concentrations of arsenic, cadmium, 
copper, iron, and lead and average concentrations of arsenic, cadmium, copper, and iron were 
above their AWQC. The AWQC for iron, 1000 ug/l, is based on aesthetic reasons rather than 
on toxicity ((EPA, 1986). Therefore, its exceedance does not necessarily result in a toxic risk 
to aquatic biota. Maximum and average concentrations for the remaining metals were on the 
same order of magnitude as the AWQC. However, the average concentrations were elevated 
because the!y were calculated using one half the CRDL for non-detected concentrations; one half 
the CRDL for arsenic, cadmium, and copper is above the chronic AWQC. The concentrations 
discharged to the river are likely to be lower than the average concentrations due to adsorption 
to soil and sediment. Assuming a the estimated dilution of ground water discharge at the 
water:sediment interface for this site, the maximum exposure concentration in the river due to 
ground water discharge from the site will be on the order of 100 times less than the AWQC. 
Therefore, based on the ground water quality data collected to date, we do not expect the 
discharge of contaminants in ground water from the Goss Cove Landfill to pose a threat to 
ecological receptors in the Thames River. 

7.5.2 DRMO and Lower Subase 

The VOCs in ground water samples from the DRMO and Lower Subase sites were 
detected at concentrations well below their AWQC (Tables 7-6 and 7-7), and, therefore, their 
discharge to the Thames River is unlikely to pose an ecological risk. 

The metals arsenic, cadmium, copper, iron, lead, nickel, and zinc were detected in 
ground water samples from these sites above their AWQC. As stated in the previous section, 
iron is not e:xpected to pose an ecological risk. Although the other metals were detected above 
the lowest AWQC, average concentrations were on the same order of magnitude as the criteria. 
As ground water discharges to the Thames River, contaminant concentrations will be much less 
due to dilution of the ground water discharge at the water:sediment interface. Therefore, we 
do not expect these metals to pose an ecological risk to biota in the river. 

7.5.3 Area A 

This section characterizes the ecological risks due to site contaminants in Area A 
Wetland, Over Bank Disposal Area, and Downstream Watercourses. 

,;h 

7.5.3.1 Terrestrial - Risks to Plants Due to Metals in Soils 

As dliscussed is Section 7.4.1, organic compounds detected in soils in Area A are not 
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expected to affect plant growth. Therefore, this section focusses on risks to plants in Area A fl V 
due to metals. # 

Metals concentrations in soils and sediments in Area A are summarized in Table 7-10 
(wetlands soils), Table 7-l 1 (downstream soils), and Table 7-12 (downstream sediments). 
Summary tables with the metals concentrations of individual soil samples are in Appendix F-2. 
These tables do not include metals totally excluded from risk assessment as described in Section 
(6.1.3). The tables have summary statistics of maxima and averages, and compare these data 
to what we are considering to be background concentrations (The 95 % upper confidence limit 
on the geometric mean of soils data presented in Shacklette and Boemgen (1984)) and to soil 
clean-up guidelines based on toxicity to plants and to higher organisms (livestock and humans) 
that may eat plant products (Rinne, 1986). 

Note that the vegetation in Area A is abundant and does not appear to be stressed. 
Potential risks to wetland plants are likely to be mitigated by the lack of sensitive species in this 
area. The plant species present in this area, such as the Phragmites in the wetland, are relatively 
tolerant of contaminants in soil. Phragmites are an opportunistic species that grow well in 
disturbed soil such as that of the Area A wetland. 

The bioavailability of metals in soils and sediments is dependent on soil characteristics 
including pH, the oxidation/reduction potential of the soil, the presence of available sulfide, and 
cation exchange capacity. Metals toxicity to plants depends both on these soil characteristics and 
on the presence of other metals or salts that may prevent the plant from taking up the metal. 
The phytotoxicity of soil metal concentrations discussed here should be viewed as guidelines for 
potential toxicity rather than indicators of environmental harm. 

The metals not detected in soil or sediments in Area A (from the ground surface to a 
depth of four feet) or detected at levels below background are aluminum, antimony, manganese, 
nickel, and the metals excluded from the human health risk assessment. These metals are at 
levels that can be considered naturally occurring in soils and sediments. Therefore, they do not 
pose a threat of ecological harm in this area. 

The remaining metals to be addressed in this section are arsenic, beryllium, boron, 
cadmium, copper, iron, lead, mercury, selenium, and zinc. Overall, the risks to plants and 
higher trophic level organisms eating plants due to these metals appear to be low. The 
remainder of this section discusses these risks by area and by metal. 

Wetland: Metals detected in wetlands soil and sediment samples above background or 
recommended clean-up levels (Rinne, 1986) included boron, cadmium, lead, and mercury. 
Boron was detected above the published background concentration of 109 mg/kg in many of the 
soil and sediment samples from Area A. Boron is an essential nutrient for plants (Buckman and 
Bradley, 1969). The availability of boron to plants is pH dependent; more boron is available 
at lower soil pH values. Boron toxicity is related to the water-soluble portion of the soil boron 
concentration. Depressed seed germination and reduced growth of dwarf beans has been 
attributed to water soluble boron toxicity (Lepp, 1981). Since we do not know the water soluble 
fraction of the boron detected in site soils and sediments, we are unable to assess its potential 
ecological risks. However, since vegetation at the site is not stressed despite the elevated levels 
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TABLE 7-10 
RISKS TO PLANTS AND PLANT-EATING ORGANISMS FROM METALS IN SURFICIAL SOILS 

AREA A WETLAND 

Arsenic 

Beryllium 
Eoron 
Cadmium 
Copper 
Iron 

Manganese 
Mercury 
Nickel 
SeleIliUm 
Zinc 

18 18 0.77 
18 16 0.39 
18 17 71 
18 17 1.2 
18 18 6.7 
18 18 6540 
18 18 3.6 
18 18 121 
18 12 0.22 
18 18 4.4 
18 14 0.7 
18 18 19.6 

Alummum 

Numb er of 
Minimum Maximum Average Background Dies Protective I 

Number Number Concentration, Concentration, Concentration, Concentration, 
&ml 
Above 

Analyzed Detected 
Criteria, 

w/kg mg/kg Wk mg/kg Background mg/kg 
18 18 4810 22200 16W0.56 272000 0 

13.9 8.15 
1.8 0.87 

~~~~~~~~~~~ 

. . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . :.:.:.:.>:.:.:.>:.:.:.>:.>>>:.x::<:::::: :>:.;.. .,.,.,. ,.,.,.,.,.,.,.,.,.,.(.( (,,.,,,,l_ ,_, 

6.9 4.31 
71.5 41.76 

25802.22 
~~~~~~~~~ 

. . ..L.. ,. ,.,..._. . . . . . . . . ., ,.. . ‘.-‘............. . . . . _/.. _.... ..‘..............~~:::.~:.:.,.~ ,,_,,: ),. >..x :.,.,,_,i,.,._,,.~.,.,,,,,.,,,,,,,,,,,,,., 

365 234.72 
~,~ki’~:~~ 
: ::::::::::::: : : : :T:::.~::.:~:.:.:.:.:.:.:.:: ““.‘.:‘,‘.‘,‘.‘.~.‘.~ 0.29 . . . 

28.2 20.31 
1.6 0.96 
127 77.75 

31.5 0 
3.52 0 
109 16 
7 0 

102 0 
115000 0 
53.2 7 
3794 0 
0.51 2 
76.7 0 
1.79 0 
178 0 

25 

4 
300 

500 

1 
200 
2 

800 

Notea: 

1)Background concentration ia 95% upper limit for Eastern U.S. (Shacklette and Fkxmgen, 1984); cadmium background 

correntration ir from Dragon (1988) ad Uak (1972). 

2) Pmtstive Criteria developed by Rinne (1986). 

3) Shading indicatea soil concentrationa above background. 



TABLE 7-11 
RISKS TO PLANTS AND PLANT-EATING ORGANISMS FROM METALS IN SURFICIAL SOILS 

AREA A - DOWNSTREAM AND OBDA 

Number ol 
Minimum Maximum Average Background Samples Protective 

Number Number Concentration, Concentration Concentration, Concentration, Above Criteria, 

AlWXliC 15 15 0.58 ~2’~~~~~~ .,. ,., 7.94 31.5 1 25 . . ..~.~..... . . . . 
Beryllium 15 14 0.37 3.52 0 
Boron 15 13 41 1 lyj 10 
Cadmium 15 14 1.2 7 3 4 
copper 15 15 10.6 102 2 300 
Iron 15 15 7220 115ooo 2 

15 15 5 53.2 4 500 
Manganese 15 15 94.6 1020 319.17 3794 0 
Nickel 15 15 4.4 76.7 0 200 
SelUliUm 15 9 0.33 1.79 2 2 
Zinc 15 15 18.2 178 2 800 

Notca: 

1)Background conccntntiott i# 95% upper limit for &atom U.S. (Shacklette and Boemgen. 1984); cadmium concentration from 

Dragun (1988) and Liak (1972). 

2) F’rotcctive Criteria developed by Rife (1986). 

3) Shading indicatea roil concentration above background. 



TABLE 7-12 
RISKS TO PLANTS AND PLANT-EATING ORGANISMS FROM METALS IN SEDIMENTS 

AREAA 

NUrnDer Number ol 
Number of of Times Minimum Maximum Average Background Samples Protective 
Samples Metal Concentration, Concentration, Concentration, Conmtration, Above Criteria, 
Analyzed Detected wncg mgnts w+g w&t Background mgkg 

Alummum 13 13 1710 33100 12115.38 271817 0 
AlSUlk 13 12 0.83 0 25 
Beryllium 13 9 0.36 2 
Boron 13 12 60 8 
cadmium 13 13 1.2 2 4 

13 13 8.8 94.3 31.62 102 0 300 
Iron 13 13 62400 19334.62 115000 0 

13 13 8.7 
..’ 

>... $p,~yY 2 . . > .,:.. i .p > >,.*, ~~~~~~~i :4’ “..w.w”+w’ T’X.? ..A.. A.... :.:.> . . . . . I . ..A...* .v..,....,. :.::‘::.i:::b:.x .:.: i.:.~~t:~,x 29.80 53.2 2 500 
Manganese 13 13 102 657 231.85 3794 0 
MW 13 2 0.15 0.26 0.11 0.51 0 1 
Nickel 13 13 4.1 27.9 12.92 76.7 0 200 
Selenium 13 3 0.28 0.65 1.79 1 2 
zinc 13 13 37.7 125.32 178 2 800 

Notea: 1)Backgmund concenttation ia 95% upper limit for Eaatem U.S. (Shacklette and Bocmgen, 1984); cadmium brckgmtmd concentntion 

from Dragun (1988) and tiak (1972). 

2) Pmtective Criteria developed by Rinne (1986). 

3) Shading in&cater sediment concentration above aoil background. 



of boron detected in soil throughout the area, it is likely that the risk to site vegetation due to 
boron soil and sediment concentrations is low. There is some evidence to suggest that boron 
concentrations in plant tissues are related to soil concentrations (Lepp, 1981). We are unable 
to assess whether the levels of boron in surficial soils and sediments in Area A pose a risk to 
higher trophic level organisms feeding on site vegetation. 

Lead was detected above background levels in seven out of 18 samples (up to 298 mg/kg) 
and mercury was detected above background in two of 18 samples (up to 0.69 mg/kg). 
However, lead concentrations in these samples were below 500 mg/kg, a concentration toxic to 
some tree seedlings (Jaworski, 1979). Below a soil mercury concentration of 2 mg/kg, mercury 
does not build up in plant tissues to levels toxic to the plant (Monenco, 1984). Both these 
concentrations are considered protective of higher organisms (livestock and humans) feeding on 
plant tissues. Therefore, we do not expect lead or mercury in wetland soils to pose an 
ecological risk. 

Lower soil cadmium concentrations of 5 to 8 mg/kg have been demonstrated to be 
phytotoxic (Chancy, 1982; Kabata-Pendias, 1984; Davis et al., 1978). In comparison, soil 
background concentrations of cadmium may range up to 7 mg/kg (Dragun, 1988). Since 
phytotoxic cadmium concentrations may be within the range of background concentrations, 
cadmium toxicity depends on other site specific conditions such as soil pH and the presence of 
oxygen and on the cadmium tolerance of the plants present. Cadmium concentrations in shallow 
wetland soils (from the ground surface to a depth of 4 feet) exceeded 5 mg/kg in four samples 
and ranged up to 6.9 mg/kg. This indicates small potential risks to plants in the wetland. It is 
uncertain whether cadmium at these concentrations can be transferred to plant tissues at levels 
toxic to higher organisms (Rirme, 1986). However, vegetation in the wetland does not appear 
stressed and it is likely that the ecological risk posed by these levels of cadmium in wetland soil 
are minimal. 

Downstream and Over Bank DisDosal Area Soil: In surficial soils in the downstream 
area and the Over Bank Disposal Area, arsenic, boron, cadmium, copper, iron, lead, selenium, 
and zinc were detected at concentrations above background. Risks to plants due to boron were 
addressed previously. 

Arsenic was detected above background in one soil sample in the Over Bank Disposal 
Area at a concentration of 39.9 mg/kg. This concentration is above a level reported to reduce 
crop yields in sensitive plants (25 mg/kg; Walsh and Keeney, 1975). Since sensitive species are 
unlikely to be present in this area, an elevated arsenic concentration was detected in only one 
sample, and vegetation on site appears robust, it is unlikely that arsenic in soil in this area is a 
source of ecological risk. 

Although copper, lead, and selenium were detected in several surficial soil samples at 
concentrations above background in the downstream area, they were below guideline 
concentrations protective of plants and higher trophic level organisms eating the plants. 
Therefore, the presence of these metals in soils sediments in this area does not pose an 
ecological risk. 

v 
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Eight out of 15 surficial soil samples in this area had cadmium levels potentially toxic 
to plants, up to 30.1 mg/kg. The cadmium distribution in this area is similar to that in wetland 
soils. As in the wetland, the lack of stressed vegetation in this area indicates that the ecological 
risks posed by cadmium to site vegetation are small. In three sediment samples from the Over 
Bank Disposal Area, however, soil cadmium concentrations were at levels that may pose risks 
to higher organisms feeding on plant tissues (Monenco, 1984). 

Iron was detected above background (115,000 mg/kg) in two sediment samples from the 
Over Bank Disposal Area. Since iron is an essential element to plant nutrition, is relatively non- 
toxic (Forstner and Wittmann, 1981), and was detected above background in only two samples, 
its presence is unlikely to pose an ecological risk in Area A. 

Zinc concentrations in soils were above background and phytotoxic levels in two samples 
from the Over Bank Disposal Area (410 and 2,720 mg/kg). Studies have shown zinc toxicity 
to plants at 200 to 400 mg/kg (Davis et al., 1978; Monenco, 1984). As with cadmium, the lack 
of stressed vegetation in this area indicates that risks to site vegetation due to zinc in surficial 
soils are low. Soil zinc concentrations at these levels could pose risks to higher trophic level 
organisms feeding on plants (NAS, 1980). However, since only two of 18 soil samples from 
the downstream area had elevated zinc levels, it is likely that the ecological risks due to zinc in 
soils in this area are low. 

Downstream Area Sediments: Pond and stream sediments in the downstream area had 
concentrations of beryllium, boron, cadmium, lead, selenium, and zinc above background levels 
for surficial soils. In general, sediments in the unnamed ponds (Sample designations 2DSD1, 
2DSD2, and 2DSD4) had more metals at concentrations above surficial soil background than 
other sediments. Concentrations were within background in the North Lake sediment sample 
(2DSDlO) and in the downstream outfall sediment sample from the Thames River (2DSD13). 
Only boron was elevated above background in the upstream outfall Thames River sediment 
sample (2DSD12). 

The elevated boron concentrations were detected in stream sediment samples from the 
eastern portion of the downstream area. Ecological risks due to soil and sediment concentrations 
of boron at the site were discussed previously. 

Beryllium was detected above the 3.52 mg/kg background concentration for surficial soils 
in two sediment samples (2DSDl and 2DSD2) from the easternmost pond. Beryllium was at 
background levels in stream sediment samples. Since the concentration in these samples was 
only slightly above background (4.1 and 5.4 mg/kg) and beryllium was not detected in pond 
water, the ecological risk due to beryllium in these pond sediments appears to be low. 

Cadmium was detected in two sediment samples from the eastern pond (2DSDl and 
2DSD2) and. in some stream sediments at concentrations above the 4 mg/kg guideline protective 
of both plants and organisms consuming those plants. The cadmium concentrations in the stream 
sediment samples were only slightly above this guideline. Although the pond sediment cadmium 
concentrations were higher (13.8 and 12.3 mg/kg) , cadmium was not detected in the pond 
surface water. Therefore, the ecological risks due to cadmium in downstream sediments is low. 

PHASE I RI NSB-NLON 7-39 AUGUST 1992 



The lead concentration in a sediment sample from the central pond (2DSD4) and one 
stream sediment sample (2DSD7) exceeded background levels for surficial soils but were well 
below the 500 mg/kg guideline based on toxicity to plants and higher organisms consuming 

w 

plants. Lead was not detected in the surface water sample from the central pond but was 
detected in the corresponding stream sample (2DSW7) slightly above the chronic ambient water 
quality criterion. Therefore, the ecological risks due to lead in downstream sediments is low. 

Selenium was only detected above background level for surticial soils in the sediment 
sample from the central pond (2DSD4) at a concentrations of 3 mg/kg. This level slightly 
exceeds the guideline concentration of 2 mg/kg protective of plants and of organisms consuming 
plants. Selenium was not detected in the surface water sample from the central pond. 
Therefore, we believe that the ecological risks due to selenium in central pond sediments are 
low. 

Zinc concentrations in sediments above surficial soil background levels were only 
detected in the two samples from the eastern pond (2DSDl and 2DSD2). These concentrations 
of 617 mg/kg and 291 mg/kg were below levels shown to be phytotoxic but were above 
concentrations that could have potential toxic effects on higher organisms consuming the plants. 
However, since zinc concentrations in surface water samples from the eastern pond were well 
below the ambient water quality criteria, we conclude that the risks due to zinc in eastern pond 
sediments are low. 

7.5.3.2 Terrestrial - Risks to Soil Invertebrates 

Risks to soil invertebrates (e.g., earthworms, beetle larvae, soil insects) were evaluated 
using two methods and were examined for soils in Area A wetlands and downstream area. Bear 
in mind that we are referring to wetland soils; these samples were referred to as “sediments” in 
the other sections of this report. The methods include evaluation of exposure to contaminants 
in soil moisture using the Equilibrium Partitioning Approach, and evaluation of exposures to 
contaminants in ground water that may discharge to the surface of the wetlands. 

Euuilibrium Partitionins- hmroacb 

The Equilibrium Partitioning Method developed by the USEPA was used to evaluate the 
risks to soil invertebrates. Toxicity quotients that represent a chronic soil quality criterion for 
soil invertebrates divided by the sample concentration are compared on Figures 7-1A (VOCs), 
7-1B (SVOCs), 7-1C (DDTR), and 7-1D (PCBs) for wetland soils and on Figures 7-2A (‘VOCs), 
7-2B (SVOCs), 7-2C (DDTR), and 7-2D (PCBs) for soils in the downstream area. Calculations 
are in Appendix F-3. 

The application of the EP Method to soils assumes that soil invertebrates will be exposed 
continuously to soil moisture in the same sense that benthic invertebrates may be exposed to 
interstitial pore water. This assumption is conservative. In recognition of this conservative 
assumption, we consider that a potential for risk to soil invertebrates exists for locations in the 
wetlands with toxicity quotients of 10 or greater, i.e., an order of magnitude greater than what 
is typically evaluated for aquatic sediments. Because of the uncertainty associated with this 
assessment, results should be viewed as qualitative. 
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Area A Wetland: Toxicity quotients derived by the equilibrium partition method for soil 
invertebrates in the Area A wetland were generally low indicating a low potential of risk to soil 
invertebrates, the organisms in this area receiving the greatest exposure to site contaminants. 
Toxicity quotients in Area A wetland soils were less than ten; a few locations had quotients 
greater than one. Two sample locations in the northern corner of the wetland, 2WSD7 and 
2WTB8, had toxicity quotients slightly greater than 1 for acetone. As discussed in Section 4.0, 
the detection of acetone in the samples may not have been representative of site conditions as 
acetone is a possible laboratory contaminant. The remaining toxicity quotients for VOCs were 
well below 1 indicating that VOCs in Area A Wetland soils do not represent an ecological risk 
to soil invertebrates. One surficial soil sample location, 2WTB8, had a toxicity quotient slightly 
greater than 1 for bis&-ethylhexyl)phthalate and sample 2WMW5S had a toxicity quotient near 
1 for this compound. This may not represent a risk as this compound is ubiquitous in the 
environment due to its use as a plasticizer. Sample location 2WSD9 just to the west of Area A 
Wetland near the Weapons Center had toxicity quotients above 1 but below 10 for several 
polynuclear aromatic hydrocarbons (PAHs). The remaining sample locations had toxicity 
quotients for semi-volatile organic compounds well below one. 

The pesticides detected in Area A Wetland soils and sediments were DDT and its 
breakdown .products DDE and DDT (DDTR). Since detection limits for DDTR in soil and 
sediment were relatively high and we calculated our toxicity quotient based on one half the 
average sample quantitation limit for sample locations where a compound was not 
detected,locations where DDTR was not detected had a pesticide toxicity quotient of 1.4. 

/1 Although a few soil/sediment sample locations in the Area A Wetland had DDTR toxicity 
quotients greater than 1.4, none had quotients greater than ten. 

One wetland soil sample location, 2WTB2, had a toxicity quotient near 1 for PCBs. The 
remaining soil sample locations in Area A Wetland had PCB toxicity quotients well below 1. 

Although the toxicity quotient approach indicates the potential for risk to soil 
invertebrates in a few locations in Area A Wetland, overall the potential risk appears to be low. 
However, the previous verification study detected DDTR at some locations within the wetland 
area at higher concentrations than this study which could suggest a higher potential risk. 

&I A Downstream: In Area A Downstream, DDTR poses a slight risk to soil 
invertebrates at some locations. Toxicity quotients for the other classes of compounds were well 
below one. Relatively few (5) shallow soil samples were collected from Area A Downstream 
and of these, only one represents surficial soil (from the ground surface). The other samples 
came from depths less than 4 feet from the ground surface but greater than 2 feet. As in the 
Area A Wetlands, some samples (2DMWlOS, 2DMWl lS, and 2DMW15S) had DDTR toxicity 
quotients greater than 1 due to high detection limits. Sample locations 3MW12S (the surficial 
sample) and 2DMW16S had DDTR toxicity quotients greater than 1 but less than 10. 

---? 

Over Bank Dimosal Area: In the Over Bank Disposal Area, toxicity quotients for 
DDTR ranged up to 11,000 indicating substantial risk to soil invertebrates from DDTR in soil 
and sediments. Toxicity quotients for the other classes of compounds were well below 1. 
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Evaluation of Risks to Soil Invertebrates Due to Ground Water Discharge to Surface Soils 

The second approach used to evaluate potential risks to soil invertebrates considered 
periodic discharge of ground water to the ground surface. Concentrations of contaminants in 
ground water were compared to acute and chronic No Observed Adverse Effect Levels for the 
compounds derived from reviews of the literature (Table 7-4). Toxicity quotients exceeding ” 1” 
were judged to indicate some potential for risk. Toxicity quotients for total metals are compared 
on Figure 7-3. Calculations of toxicity quotients for individual metals are in Appendix F-4. 

With the exception of a very low concentration of total xylenes detected in one well in 
the Area A wetland, synthetic organic compounds were not detected in shallow ground water 
in the Area A Wetland, Downstream, or the Over Bank Disposal Area. Therefore, there is no 
risk to soil invertebrates in these areas from organic compounds in ground water. 

Toxicity quotients for individual metals in ground water discharged to the ground surface 
exceeded one at several locations but did not exceed ten. Total metal toxicity quotients, 
assuming additivity, ranged from one to ten for acute risks and ten to 100 for chronic risks. A 
toxicity quotient in this range may only reflect a slight potential for risk to soil invertebrates 
since environmental processes may transform metals and reduce their dissolved concentrations 
when the ground water reaches the ground surface. Ground water in wetland areas which are 
characterized by organic soils can be anoxic due to microbial degradation of organic carbon. 
Many metals present in naturally occurring levels in soils are more soluble in an anoxic 
environment (low Eh). When anoxic ground water discharges to the oxygenated surface 
environment, some of the metals may precipitate or floe and not be bioavailable in the dissolved 
form. 

Toxicity quotients for metals in ground water that may be discharged to the ground 
surface in Area A indicate slight potential acute risks to soil invertebrates due to aluminum, 
cadmium, and zinc, and slight potential chronic risks due to arsenic, beryllium, copper, and 
mercury. Toxicity quotients for these metals for some ground water samples ranged up to ten. 
The samples of shallow ground water that had toxicity quotients in this range for aluminum, 
cadmium, and zinc came from well 2WMW3S (cadmium) in the eastern portion of the Area A 
Landfii, well 2WMW5S (cadmium) in the center of the Area A Wetland, and well 2WMW6S 
(aluminum and zinc) just east of the Area A Wetland and south of the Weapons Center. Well 
2WMW5S is closer to a ground water discharge area and may better represent risks to soil 
invertebrates in this area. 

In Area A Downstream and the Over Bank Disposal Area, toxicity quotients between 1 
and 10 for individual metals in shallow ground water possibly discharging to the ground surface 
indicate a slight potential for chronic risk due to some metals at a few locations. At well 
location 2DMWllS on the eastern end of the downstream area, toxicity quotients for arsenic, 
beryllium, cadmium, and mercury indicate slight potential chronic risk to soil invertebrates. 
Toxicity quotients also indicate slight potential chronic risks due to these metals plus copper at 
well locations 2DMW16S east of North Lake and 3MW12S in the Over Bank Disposal Area. 
As well 3MW12S is close to a ground water discharge area, it may better represent risks to soil 
invertebrates in this area. 
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Figure 7-3. Acute and Chronic Risk to Soil Imertebrates by Monitoring Uell Location for Total ktats in Area A trouxi 
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Overall, risks to soil invertebrates due to the periodic discharge of ground water to the 
ground surface in Area A are low. The potential slight risks in this area are due to the metals 
aluminum, arsenic, beryllium, cadmium, mercury, and zinc in ground water. 

7.5.3.3 Terrestrial - Risks to Mammals and Birds 

Risks to small mammals and birds were evaluated for DDTR and PAHs by estimating 
the body burdens of soil invertebrates and using this estimate to calculate a daily dose. These 
estimates were made for maximum and average DDTR and PAH soil concentrations in the Area 
A Wetland and Area A Downstream. These exposure levels were compared to dose/response 
thresholds for various biological endpoints (lethality, reproduction/development, and other 
chronic effects; Table 7-9). 

We restricted this analysis to DDTR and PAHs based on professional judgement 
concerning toxicity of the compounds and concentrations in soil. Other compounds detected in 
these areas either were at concentrations that did not pose a risk to soil invertebrates, the most 
exposed biota on site, or were only detected at risk-posing levels in a few locations. Although 
PAHs were only at levels with toxicity quotients above one in a few locations, we evaluated 
their risk to small mammals and birds based on their elevated maximum and average soil 
concentrations and their potential for bioaccumulation in soil invertebrates. The average soil 
concentrations may be overestimates of actual concentrations since detection limits were high 
for many samples and averages were calculated using one half the average sample quantitation 
limit. i 

Small Mammals that ForaPe on Soil Invertebrates: In the case of small 
invertebrate-eating mammals, we assumed that the shrew represents the worst case exposure. 
Shrews can forage on soils invertebrates throughout the site and can consume up to their body 
weight per day. Shrews utilize habitat similar to Area A, and although they were not observed 
at the site, we included them in this analysis because they are likely to be found there and 
because they would be more likely to be exposed than other small mammals. We assumed that 
the shrews’ diet would consist solely of soil invertebrates either from the Area A wetland or 
from the downstream watercourse area and that they consume their body weight in soil 
invertebrates per day. (By comparison, rats eat 5 % of their body weight per day and mice 13 %). 
The shrews estimated ingestion rate (dose) of DDTR and PAHs is in Table 7- 13. 

Comparing our estimated doses with DDTR doses that have been shown to produce toxic 
effects in small mammals (Table 7-9) shows that risks to shrews in the Area A wetland are 
minimal. The average estimated dose (0.004 mg/kg/day) and the maximum dose (0.01 
mg/kg/day) are well below levels reported to cause toxic effects in small mammals. Similarly, 
based on the few surficial soil samples collected from Area A Downstream, estimated daily 
DDTR doses to shrews are at levels well below those shown to have toxic effects (maximum 
dose of 0.014 mg/kg/day and average dose of 0.006 mg/kg/day). In comparison, risks to shrews 
in the Over Bank Disposal Area due to DDTR are substantial. The average dose of 5.4 
mg/kg/day exceeds reported lethal dose. Note that the assumptions in this estimate, especially 
the assumption that shrews are consuming only contaminated soil invertebrates from the site, are 
conservative. Shrews in the Over Bank Disposal Area are likely to consume soil invertebrates 
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I TABLE 7-13 
DAILY DOSE OF DDTR AND PAHS TO SMALL MAMMALS AND SONG BIRDS I 

1 Invertebrate 1 
I 

Estimated Soil Daily Dose Shrew Daily Dose Song Bird 
Body Burden ~wk$W) (rng/kg/hY) 

bg/W dry weight wet weight wet weight 

Maximum 1 Average MaximumI Average Maximum 1 Average 

DDTR 

Area A Wetland I 0.07 I 0.02 1 0.014 1 0.004 1 0.0028 1 0.0008 
I I I I I I 

Over Bank Disposal Area 144 27 28.8 5.4 1 5.76 1 1.08 

Downstream Area A I 0.07 I 0.03 1 0.014 1 0.006 1 0.0028 1 0.0012 

PM8 .:.. 

Area A Wet:land 164 10 1 32.8 1 2 I 6.56 1 0.4 

Over Bank Disposal Area 3.9 2.2 0.78 0.44 0.156 0.088 

Downstream Area A 0.03 0.11 0.006 0.022 0.0012 0.0044 

from a wider area and some of the invertebrates consumed are likely to contain lower body 
burdens of DDTR. Although our dose estimate is conservative, it serves to indicate the potential 
for risk to small insectivorous mammals in the Over Bank Disposal Area due to DDTR. 

A dose of 0.79 mg/kg/day of PAH has been shown to have potential chronic effects on 
small mammals (HEAST, 1990). The estimated average dose to shrews feeding exclusively on 
soil invertebrates in the Over Bank Disposal Area and Downstream Areas are below this number 
indicating that risks to small insectivorous animals in these area are minimal. The maximum 
dose due to the ingestion of soil invertebrates in the Over Bank Disposal Area is at the level that 
has been shown to have potential chronic effects in small mammals. However, the average PAH 
dose due to ingestion of soil invertebrates is more representative of a shrew’s exposure. 

The average PAH dose from soil invertebrates in Area A Wetland is 2 mg/kg/day, well 
above a level shown to cause potential chronic effects in small mammals. However, this 
elevated average dose is due to one surficial soil sample from just to the west of the wetland 
(2WSD9) and east of the weapons center that had a PAH concentration 2 orders of magnitude 
above PAH concentrations in the rest of the wetland soil samples. When the average PAH dose 
is calculated without this sample, the average dose is a magnitude of order lower, approximately 
0.2 mg/kg/day. Since this dose is more representative of PAH exposure concentrations to 
shrews in Area A Wetland, and it is lower than those causing potential chronic effects, the risk 
to shrews in this area due to PAI-Is in soil invertebrates is low. 

Small Plant-Eating Mammals that Forage on Plant Matter and Seeds: Most mice and 
voles fall into this category as do squirrels and rabbits. Muskrats feed primarily on plant matter, 
although they will occasionally eat aquatic invertebrates. White Footed Mice, Eastern Gray 

- Squirrels, and Muskrats were observed in Area A. Based on the results for small mammals 
foraging on soil invertebrates, it appears that there would be little risk in the Area A Wetlands 
to species that are largely herbivorous. None of the site compounds is likely to be biomagnified 
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in plant tissue. In fact, the main transport routes from soils to plants are via dusts and 
translocation of ground water into roots and stems. The levels of exposure via plant ingestion 
are expected to be less than those experienced by invertebrate-eating small mammals. 
Therefore, little or no risks are expected to these animals in the Area A Wetlands. 

In Area A Downstream, although risks to small herbivores from ingestion of 
contaminated plant matter are small, the potential exists for contact exposure to DDTR and other 
contaminants in soils and stream sediments. 

Larper Mammals with Larpe (10 acre) Forage Areas That OccasionaUv Viiit the Site 
and Eat a Range of Foods (e.g., Raccoons): Larger animals such as raccoons and otters which 
were observed in Area A will have lower ingestion rates of contaminated soil invertebrates than 
shrews and smaller mammals. Their diet is varied, and they will also eat other site organisms 
such as aquatic invertebrates, frogs, and small birds and mammals that may accumulate DDTR 
and PAHs in their tissues. However, their foraging range is large compared to the portions of 
the wetland and downstream area contaminated with DDTR and PAHs. Therefore, it is likely 
that contaminated organisms from these areas represent a very small portion of their diet, and 
that risks to raccoons and otters due to ingestion of these compounds via bioaccumulation from 
site soils and sediments are low. These organisms may also have contact exposure to 
contaminated soils and sediments, but risks due to these exposures may be limited if the regions 
of Area A contaminated with DDTR and PAHs represent only a small portion of the animals 
range. 

Small SOUP Birds that Feed Primarilv on Invertebrates (e.p.. Snarrows and 
In evaluating the dietary dose of DDTR to small invertebrate-eating birds, it was Catbirds): 

assumed that they would feed exclusively in one of the three areas of the site and that they 
would eat invertebrates in amounts approximating 20% of their body weight per day. The fust 
assumption is judged to be quite conservative and it is expected based on work elsewhere that 
birds will not feed exclusively on soil invertebrates nor will they feed exclusively at the site. 

Contaminant ingestion rates for these small birds are presented in Table 7-13. Based on 
these assumptions, we do not expect DDTR or PAHs in Area A Wetland or Downstream soils 
to pose risks to small birds since estimated daily doses of these contaminants are well below a 
dose of 0.08 mg/kg/day that may have potential reproductive effects (Garten and Trabalka, 
1983). The average and maximum doses (1 and 6 mg/kg/day, respectively) from the ingestion 
of soil invertebrates from the Over Bank Disposal Area are less than a potentially lethal dose 
of 8 mg/kg/day (Lamb et al., 1970), but could pose a risk to small birds due to reproductive or 
developmental effects. However, the assumption that birds will feed exclusively in this small 
area is very conservative and overall potential risks to small invertebrate-eating birds in Area 
A are small. 

Birds collected from Area A and analyzed for contaminants had low body burdens of 
DDTR (less than 0.75 to 1 mg/kg) relative to birds collected from other sites with elevated 
pesticide levels in soils. In a previous study using the same offsite reference area in Plymouth, 
Massachusetts (Menzie et al., 1991), DDTR concentrations in Gray Catbirds from the reference 
area ranged up to 0.21 mg/kg and averaged 0.078 mg/kg. The body burden of Gray Catbirds 
in the previous study from an area with up to 1777 mg/kg DDTR in surf&l soil ranged up to 
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- 7.1 mg/kg and averaged of 3.7 mg/kg. The DDTR body burdens of Gray Catbirds from Area 
A were closer to the range of body burdens of the offsite control birds. Based on these low 
DDTR bod.y burdens in Gray Catbirds, the risks to invertebrate-eating song birds from DDTR 
in surficial soils in area A are expected to be small. 

Small Sonp Birds that Feed Primarily on Plant Matter and Seeds (e.p.. Chickadees): 
These bird species will be less at risk than species that feed on soil invertebrates. Therefore, 
little or no risk is expected for plant or seed eating birds. 

&latic Birds that Occasionallv Feed on Submersed Vepetation and Aauatic 
Organisms in the Ponds (e.g.. Mallards, Herons): Ducks and other aquatic birds that visit 
the ponds in Area A may ingest sediment contaminated by DDTR as they feed on submersed 
aquatic vegetation. They may also feed on aquatic invertebrates and other small aquatic 
organisms (e.g. frogs) from the ponds. This exposure is likely to form only a small part of the 
birds’ diet ;as these species are not resident on the ponds and may feed over a wide geographic 
area. Therefore, it appears that the risks to these birds due to the presence of DDTR in pond 
sediments is low. 

Birds of Prev with LarPe Foraying Areas that Occasionally Forage at the Site (e.g., 
Hawks): Hawks and other birds of prey may occasionally feed on small mammals and birds 
from the site. We have estimated wet weight concentrations of DDTR in invertebrate-eating 
birds and mammals that feed in the three subregions of the site (Table 7-14). The results 

/I indicate that there is some potential for appreciable amounts of DDTR to bioaccumulate in small 
birds (on the order of 60 mg/kg in small birds) and mammals assuming that they feed 
exclusively on a diet of soil invertebrates from the Over Bank Disposal Area. In comparison, 
Gray Catbirds collected from Area A did not have detectable levels of DDTR in their tissues. 
The Over Bank Disposal Area is likely to represent only a very small part of a hawk’s foraging 
area. If the hawk fed exclusively on birds and mammals that fed exclusively on contaminated 
soil invertebrates from the Over Bank Disposal Area, the DDTR concentration in the diet of the 
hawk could be substantial. However, since a hawk’s diet would include only occasional small 
birds or m‘ammals that feed occasionally on soil invertebrates from the Over Bank Disposal 
Area, the ecological risk to birds of prey who use the area as part of their foraging territory is 
expected to be insignificant. 

I TABLE 7-14 
BPOAC-ATION OF DDTR IN SMALL MAMMALS AND SONG BIRDS 

Area A Wetland 

.&jiWhtlUUl . . Average Maximtim A+e%e Maximum A%rage 

0.07 0.02 0.014 0.004 0.0308 0.0088 

144 27 28.8 5.4 63.36 11.88 

P Area A Downstream 0.07 0.03 0.014 0.006 0.0308 0.0132 
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7.5.3.4 Aauatic - Risks to Benthic Invertebrates in Streams and Ponds in Area A 
Downstream 

The Equilibrium Partitioning approach was used to evaluate the risks to benthic 
invertebrates from contaminants in sediments in streams and ponds in Area A Downstream. 
Toxicity quotients are compared on Figures 7-4A (VOCs), 7-4B (SVOCs), 7-4C (DDTR), and 
7-4D (PCBs). Calculations are in Appendix F-5. 

Downstream Ponds: Two of the sediment samples, 2DSDl and 2DSD2 were collected 
from the eastern pond; one sediment sample came from the center pond (2DSD4); and one came 
from the center of North Lake (2DSD4). For the pond sediment samples, toxicity quotients 
indicated risks to benthic invertebrates for DDTR but not for VOCs, SVOCs, or PCBs. 

Toxicity quotients indicate substantial risks to benthic invertebrates in the eastern and 
central ponds due to DDTR. The toxicity quotients in these locations range from 630 for a 
sample from the eastern pond to 64,000 for a sample from the central pond. 

Chemical analysis did not detect DDTR in the sediment sample collected from North 
Lake. The DDTR toxicity quotient for this sample was 1.6 due to elevated detection limits. 
Therefore, based on the analytical results from one sample, risks to benthic invertebrates in 
North Lake are minimal. 

Downstream Area Streams: Downstream of the eastern and central ponds, toxicity 
quotients for VOCs, SVOCs, and PCBs do not indicate risks to benthic invertebrates for these 
compounds. 

Toxicity quotients for DDTR in the downstream area streams range up to 890 in the 
northernmost stream and up to 28 in the southern stream. The risk to benthic invertebrates in 
the streams is high based on available data. Additional field observations would be needed to 
make a more definitive statement concerning the nature and condition of invertebrates in the 
streams. Sediment samples at the outlet of the streams in the Thames River had toxicity 
quotients for DDTB of 6 (2DSD12) and 10 (2DSD13) indicating transport of DDTR at levels 
that pose potential risks to benthic invertebrates from the downstream area to the outfall area in 
the Thames River. 

7.5.3.5 Aauatic - Risks to F’ish in Area A Ponds 

Fish were not observed but may be present in the ponds in Area A. We assessed risks 
to fish that may reside in the Area A ponds by comparing surface water concentrations with 
Ambient Water Quality Criteria (AWQC) or literature toxicity values (Table 7-8). Fish are not 
anticipated to be present in the downstream watercourses due to low and intermittent flow; 
therefore, risks to fish in these streams were not evaluated. We are unable to assess potential 
risks to fish that may reside in the pond in the Area A wetland, because surface water samples 
were not collected there. Of the compounds analyzed for, only the metals cadmium, copper, 
lead, and mercury exceeded AWQC or toxicity values in surface water samples. In the eastern 
pond in the Area A downstream watercourse area, the chronic AWQC for copper and lead were 
slightly exceeded in one out of two samples. A surface water sample from the central pond in 
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Figure 7-Q. Chronic Risk to Renthic Invertcbotes by mle Locrtim for VOCs in Area A Pmd ud Strea Sediments; 
Ec~lilibriu Pwtltioning Method 
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-- this area had a cadmium concentration that slightly exceeded the chronic AWQC. The sample 
from North Lake had a lead concentration slightly above the chronic AWQC. However, since 
North Lake is drained periodically, it is unlikely that fish reside there. We conclude that risks 
to fish due to site contaminants in surface water are low. Although some metals slightly 
exceeded their AWQC, it is unlikely that sensitive species reside in the ponds in Area A. 

Fish possibly living in Area A ponds may also be exposed to site contaminants via 
ingestion of benthic invertebrates. We do not have surface water or sediment data to assess 
these risks for the Area A wetland pond. Due to the elevated DDTR concentrations in the 
sediments of the eastern and central downstream ponds, risks to fish that may live there and 
ingest bioaccumulated DDTR in benthic invertebrates may be substantial. 

7.5.3.6 Aquatic - Risks to Frogs 

Risks to frogs will be similar to risks to fish in Area A assuming that frogs have a similar 
sensitivity to contaminants as fish. Frogs will have greater exposure to contaminated sediments 
as they overwinter in sediments. Frogs in the wetland pond and streams immediately below the 
wetland dike had low body burdens of DDTR indicating low risks to frogs due to DDTR in these 
areas. However, sediment from the wetland pond was not analyzed for DDTR and sediments 
from the streams immediately below the dike had low levels of DDTR, so that we can only 
conclude that risks to frogs are low in these areas. Frogs were not collected from the eastern 
and central ponds where elevated levels of DDTR were detected in sediments. However, we 
expect low risks due to exposure to contaminants in surface water and elevated risks due to 
exposures to DDTR in sediments in these areas. 

7.5,,3.7 Uncertainties in Estimates 

The uncertainties in these estimates are based on uncertainties in the estimates of 
exposure concentrations and in the development of toxicity data and criteria. These were 
discussed previously in Sections 7.3.4 and 7.4.5. 

7.6 Summary of Risks 

7.6.11 Goss Cove Landfii. DRMO. and Lower Subase 

Ground water from Goss Cove IandfiU (a Step I site) and the Step II sites DRMO and 
the Lower Subase discharges to the Thames River. Based on the data presented in this report, 
contaminants concentrations in ground water at these sites are expected to be below AWQC after 
further dilution in ground water, attenuation due to adsorption to soils, and dilution in the much 
greater flow (compared to ground water flow) in the Tharnes River estuary. Risks to fish due 
to contaminants in ground water discharge from these site are expected to be low. 

7.6.2 Area A 

.- Our ecological risk assessment addressed risks to a variety of trophic levels in the 
terrestrial and aquatic food chain in Area A. On the lower level of the food chain, risks to 
plants were low. Plants are unlikely to accumulate organic compounds to a great degree. 
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Metals concentrations in soils and sediments were in general below levels that may adversely 
affect plants or higher trophic level organisms that feed on plants. However, cadmium 
concentrations in soil samples from the OBDA exceeded recommended levels protective of plants 
and organisms consuming plants. 

- 
4 

Risks to terrestrial organisms due to DDTR in soil were greatest for soil invertebrates 
in the OBDA. (Note that in this section, the term “soil” is used for soil and sediment samples 
other than those that are constantly underwater in streams and ponds.) The results of estimating 
contaminant concentrations in soil moisture by the equilibrium partitioning method indicated that 
risks to soil invertebrates in the wetland and downstream areas due to contaminants were low. 
Small risks due to exposure to PAHs were indicated in a few wetland soil samples. However, 
elevated DDTR levels in the OBDA are expected to pose a potential risk to soil invertebrates. 
Soil invertebrates may be occasionally exposed to ground water when it discharges to the ground 
surface in parts of Area A, particularly in the wetland. However, risks to these organisms from 
this source appear to be low due to the low concentrations of contaminants in ground water in 
this area. 

Our assessment indicates that DDTR in sediments of streams and ponds in the 
Downstream Watercourse Area poses a potentially great risk to biota. Organisms with the 
greatest exposure to DDTR contaminated sediments are benthic invertebrates. Frogs are also 
directly exposed to sediment during winter months. Fish, if they are present in the ponds, may 
ingest DDTB via bioaccumulation in benthic invertebrates. Ducks may ingest sediment while 
feeding on submersed vegetation. Other birds such as heron and mammals such as raccoons and 
otter may be exposed to DDTR by feeding on contaminated aquatic invertebrates and frogs. 
However, the ingestion of DDTR by ducks, heron, raccoons, and otter in Area A will only 
account for a small part of their diet because they are likely to feed over a much greater 
geographical area. 

./-- 
-+ 

Higher level organisms in the food chain may be exposed to the DDTR and to a lesser 
extent to PAHs bioaccumulated in soil invertebrates. The greatest potential risks are to small 
mammals such as the shrew that consume a diet consisting mainly of soil invertebrates at a rate 
equivalent to their body weight per day. Based on the assumption that they consume only 
contaminated soil invertebrates, there are potential risks to these animals. Risks to herbivorous 
birds and small mammals are much smaller than for the maximally exposed shrew since they 
have much less exposure to DDTR. Based on the low body burdens of DDTR in catbirds 
collected from Area A, risks to birds feeding on soil invertebrates appear to be low. This may 
be because the area they feed in is large in comparison to the portion of the OBDA with elevated 
levels of DDTR in soil. 

The aquatic organisms in Area A at greatest risk are those exposed to elevated levels of 
DDTR in pond and stream sediments in the Downstream Watercourse Area. Therefore, benthic 
invertebrates and possibly frogs are at greatest potential risk. DDTR contaminated sediments 
have been transported by the streams in the downstream portion of Area A to the Thames River. 
However, DDTR concentrations and therefore potential risks due to DDTR are lower at the 
stream outfalls than at upstream locations. 
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7.7 Recommendations 

This assessment was based on a limited number of surficial soil samples from the Area 
A Downstream Watercourse Area. The presence of elevated levels of DDTR in stream and 
pond sediments in this area was not known at the time the sampling program was designed. 
Based on the few soil samples collected, risks to biota in this area due to contaminants in soil 
appear to be low. To gain a greater level of confidence in this assessment, we recommend 
additional surficial soil sampling and analysis in the Downstream Watercourse Area. 

Additional information is required on biological conditions in the Area A downstream 
watercourses where elevated levels of DDTR were detected in pond and stream sediments. No 
biota sampling was performed in these areas. Our assessment predicts risks to benthic 
invertebrates and possibly to frogs in these areas. To supplement this assessment with actual 
field data, we recommend additional field work to assess the biological community in the ponds 
and streams where DDTR was detected at elevated levels in sediments. 

Sediment quality data were not collected during this study from the pond in the Area A 
wetland or from the ponded area at the outlet of the Area A wetland near the dike. This 
information would better allow us to assess risks to biota in these areas and to compare 
measured body burdens of DDTIX in frogs from the wetland pond to sediment DDTR 
concentrations. 

Although the Thames River has been studied extensively in conjunction with proposed 
dredging work, limited data are available on biological conditions in the Thames River adjacent 
to NSB-NLON. Therefore, it is difficult to assess the potential effects of transport of DDTR 
contaminated sediments downstream to the Thames River outfall. Also, the assessment 
presented here of risks to Thames River biota from contaminants in ground water discharging 
from the Goss Cove Landfill, DRMO, and Lower Subase to the river was qualitatively based 
on an order of magnitude estimate of dilution. We recommend additional sediment sampling and 
analysis in the vicinity of the outfalls and ground water discharge areas and an assessment of 
biological conditions including biota sampling in these areas be performed to provide greater 
assurance regarding our assessment of ecological risks in these areas. 

PHASE I RI NSB-NLON 7-63 AUGUST 1992 



8.0 SUMMARY AND RECOMMENDATIONS 

This section discusses the summary and conclusions of the investigations and evaluations 
at each site. Included are overviews of site background, nature and extent of contamination, and 
health and ecological risk assessment. Based on this information, for Step I sites, a 
recommendation is provided for proceeding to Step II, or for no further action. A no further 
action recommendation is based on identification of no significant contamination, exceedances 
of ARARs, and no health and ecological risk. Recommendations to proceed from Step I to Step 
II are based on identification of contaminants above applicable ARAR/TBC values, and where 
health and ecological risks are of concern. ARAR/TBC values are detailed in Section 4.0. 
In some cases, recommendations to proceed from Step I to II are based on the need for further 
delineation of the extent of contamination (e.g., Battery Acid Disposal Area), or to define the 
source of contaminants (e.g., Torpedo Shops). 

Risk estimates for human health effects associated with exposure to potential 
carcinogens are expressed as the lifetime probability of excess cancer associated with the 
given exposure (e.g., a lifetime incremental risk of one in ten thousand). Risks above l.OE 
4 are described here as “generaliy unacceptable for environmental risks to humans, and 
risks below l.OE6 are described here as generally considered de minimus for environmental 
risk to humans. Risk estimates for human health effects associated with exposure to non- 
carcinogens are evaluated by using the total hazard index ratio. The total hazard index 
ratio is estimated by summarizing the hazard index ratios for each compound. The hazard 
index ratio for a compound is the ratio of its exposure dose to its reference dose. Ratios 
in excess of “1” are viewed here as benchmarks with regard to the potential for chronic, 
generally sublethal, effects. Risk characterization for the ecological risk assessment relies 
upon the toxicity quotient approach as well as on direct observations of conditions in the 
field. These approaches provide an overall “weight of evidence” approach for the 
assessment. The toxicity quotient is the ratio of a compound’s exposure dose to its effects 
level, normally its NOAEL. Values above 1 indicate some potential for environmental 
effects. Values above 10 indicate good potential that greater exposure could result in effects 
based on experimental evidence, and values above 100 indicate effects may be expected 
based on the fact that this represents an exposure level at which effects have been observed 
in other species. In some cases, assessments regarding environmental risk were made by 
directly comparing exposure point concentrations to known toxicity data or developed 
criteria. 

Step II sites will now proceed to the Feasibility Study (FS). The Feasibility Study is a 
detailed evaluation of remedial (clean-up) alternatives at each Step II site, including no action. 

The following discussion of summary and recommendations is provided for each site. 
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8.1 Sten I Sites 

8.1.1 CBU Drum StoraPe Area 

8.1.1.1 Summarv 

Background: The CBU Drum Storage Area is located in the northern section of NSB- 
NLON, adjacent to the deployed parking lot, and within the Area A Landfill. Twenty-six 55 
gallon drums of waste oil, lube oil, and paint materials were previously located at this site. 

Nature and Extent of Contamination: Seven (7) surface soil samples were collected 
from three sample locations to screen for potential contamination. Low concentrations of VOCs 
and SVOs were detected in the surface soils at this site. However, concentrations were below 
TBC values. Lead exceeded the TBC values for TCLP analysis, and was also slightly above the 
established background concentration at two sample locations. The pesticide DDD was also 
detected at a low concentration, consistent with the past application of pesticides within Area A. 
The chemicals detected at this site are generally consistent with the past storage of oil and 
indicate that a small release may have occurred. 

Health and Ecological Riik Assessment: The low concentrations of chemicals detected 
at this site do not cause a risk with respect to health or ecological impact. 

8.1.1.2 Recommendations 

Supplemental Step I investigations are recommended to determine if Step II 
investigations are necessary or to support a no further action recommendation. 

8.1.2 Rubble Fill at Bunker A-86 

8.1.2.1 Summarv 

Background: Bunker A-86 is located on a dirt road off of Wahoo Avenue in the north 
central section of NSB-NLON. Area A Landfill is adjacent to the north, and the NSB-NLON 
hazardous waste storage facility is adjacent to the south. The rubble fill area is located to the 
north of the dirt access road and to the west of the bunker. 

Discarded construction material is present at this site including concrete, asphalt, an 
electric motor, wood and gravel. Chemical containers found at this site included an empty 5- 
gallon container of monothanolanine (labelled as corrosive product), an empty 5-gallon container 
of thorite (labelled as non-shrinking compound for patching concrete), and a 55-gallon drum of 
lube oil that was approximately ten percent full. 

Nature and Extent of Contamination: Five (5) surface soil samples were collected for 
analysis from this site from two sample locations to screen for contamination. Solvents 
(trichloroethene, tetrachlorethane) were detected in the l-2 ppb range, below TBC values. One 
sample was analyzed for SVOs and contained elevated concentrations of PAHs, possibly 
indicative of an oil release or combustion by-products. Low concentrations of pesticides (delta- 
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BHC, methoxychlor) were detected which are likely associated with past Area A applications. 
Arsenic was present at a concentration well above background levels at the one sample analyzed 
on a mass weight basis. The concentration of arsenic (127 ppm) was one of the highest detected 
compared with all other sites investigated. 

Health and EcoloAcal Risk Assessment: Activity in this area is negligible. However, 
based on the elevated levels of PAHs and arsenic, there could be potential health risks if 
exposures were to occur under some future use condition. 

8.1.2.2 Recommendations 

It is recommended that this site proceed to the Step II phase of the IR program. 
Additional soil sampling and potential ground water monitoring is recommended at this site to 
further characterize the nature and extent of contamination and to conduct a quantitative health 
and environmental risk assessment. 

In the interim, it is recommended that the containers at this site be removed and properly 
disposed. 

8.1.X TorDedo ShoDs 

8.1.3.1 Summarv 

The Torpedo Shops are located in the northern portion of NSB-NLON on Background: 
the north side of Triton Avenue. The two buildings onsite (Nos. 325 and 450) are torpedo 
overhaul/assembly facilities. These facilities were connected to an onsite septic system 
leachfield until 1983, when they were connected to municipal sewers. A variety of fuels, 
solvents and petroleum products are used in these buildings. Direct disposal of these wastes to 
the septic system was reported not to be a routine practice, although sporadic, inadvertent 
chemical discharges to the subsurface septic system is of concern. 

Nature and Extent of Contamination: Nine surface soil samples and three ground 
water samples were collected and analyzed to screen for potential contamination at the former 
subsurface septic systemsLow concentrations of VOCs and SVOs were detected in the north and 
south septic systems. Only one detection of benzene (4 ppb), was slightly above the TBC value 
of 1 ppb. Antimony exceeded background levels at the majority of sample locations in the south 
septic system, and silver was present close to or above background levels at the same sample 
locations. It is possible that the elevated antimony and silver are associated with a by-product 
of the torpedo overhaul process which occurred in Building 325. PCB was detected at 600 ppb 
(below TBC values) in a soil sample from the north septic system. DDE was detected at 210 
ppb in a soil sample from the south septic system. The source of the PCB and DDE is 
unknown. 

No primary drinking water standards were exceeded in the three ground water samples 
for VOCs or metals. No SVOs, pesticides/PCBs were detected in the ground water. Several 
VOCs were detected in the overburden ground water in the south septic system. These included 
1 , 1,l trichloroethane (42 ppb), 1,l dichloroethene (30 ppb), and 1,l dichloroethane (1 ppb), 
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which were present below applicable drinking water standards. Because the soil gas survey and 
subsurface soil sampling within the septic leaching field did not indicate the presence of 
significant levels of VOCs, the presence of these solvents in the ground water suggest the 
potential for an undefined source. It is possible that the source of these solvents is upgradient 
of this location, in the vicinity of the Torpedo Shop buildings. The former hazardous waste 
sump, Otto fuel storage tanks, and drum storage arc possible sources. Also, due to the density 
of these solvents, higher concentrations may be present in the bedrock aquifer. Antimony 
exceeded the USEPA health advisory standard in the ground water (south septic system) by over 
20 times. This correlates with the elevated levels of antimony detected in the soils at this site. 
Because the antimony was present in the upgradient soil sample (7MWl), but not necessarily 
a background sample, it is unclear if the antimony in the soil/ ground water is related to septic 
system discharges. 

Health and Ecological Risk Assessment: The potential exposure scenario relates to 
utility repairs/installations within the former septic system area. Based on the relatively low 
levels of chemicals present at the site, and the health risk calculations made for utility workers 
at other sites (Area A Landfill, Lower Subase), the health risks associated with this exposure 
scenario are qualitatively predicted to be negligible. Based on the lack of potable water supply 
wells for existing and projected future land use in the area, there is no exposure, therefore, no 
human health risks are associated with the chemical constituents in the ground water. The site 
is developed, therefore there are no significant ecological risks. 

8.1.3.2 Recommendations .- 

It is recommended that this site proceed to the Step II phase of the IR program. Further 
soil and ground water investigation is recommended at this site to define the source, nature and 
extent of VOC contamination, and to further address the elevated antimony at this site. No 
further action is required relative to the septic systems, except as they may relate to the 
antimony issue. The testing will be in the vicinity of the buildings and at the Otto fuel sump. 

8.1.4 Goss Cove Landfill 

8.1.4.1 Summary 

Background: The Goss Cove Landfill site is located in the southwest portion of NSB- 
NLON, adjacent to the Thames River. The Nautilus Museum and a paved parking lot are 
constructed directly over the former landfill. The Nautilus Museum is a submarine museum 
operated by the Navy and open to the public. 

The landfill reportedly operated from 1946 until 1957 and filled in the northern portion 
of Goss Cove. The southern portion of Goss Cove remains. Incinerator ash, inert rubble, and 
potentially other unknown materials were disposed at the site. 

Nature and Extent of Contamination: A radiation, geophysical, and soil gas survey 
were conducted. No radiation above background was detected. The geophysical survey 
identified several suspected buried metal objects, which were avoided during drilling operations. 
The soil gas survey assisted in defining elevated VOCs in several areas. 

. 

Uk 
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- Seven subsurface soil samples, four ground water and one surface water sample were 
collected and analyzed to screen for potential contamination. 

The subsurface test boring program indicated that landfill material consisted of sand and 
gravel with small quantities of brick, glass, ash, wood, and metal. Minor oil stains or sheens 
were observed in approximately one-half of the borings, indicating some petroleum 
disposal/spills took place. 

VOCs were detected in five of seven soil samples. Xylene was the most prevalent 
constituent, detected in four samples, indicative of a petroleum product. Trichloroethene and 
tetrachlorethene were detected in one soil sample each. Petroleum hydrocarbons (benzene, 
toluene), and tetrachlorethene were detected above TBC values in one soil sample each. 

SVOs, predominantly PAHs, were detected at all seven subsurface soil samples, several 
at relatively high levels. The PAHs are likely associated with the disposal of incinerator ash and 
potentially associated with the presence of petroleum hydrocarbons. 

PCBs or pesticides (predominantly DDT, DDD and DDE) were present individually at 
all sample locations. All concentrations were below TBC values except for DDT at one sample 
location. The presence of PCBs and pesticides are likely associated with past landfill disposal. 

:- 
Many inorganic constituents exceeded established background levels, and exceed TBC 

values based on TCLP analysis. Arsenic, cadmium, chromium, and lead exceed both 
background levels and TCLP TBC values. Mercury consistently exceeded background levels 
at most sample locations. Elevated metals are anticipated to be related to past landftig 
activities and, potentially, battery related disposal (lead/cadmium). 

The highest levels of VOCs in the ground water were detected in the two downgradient 
wells. Vinyl chloride or benzene were present individually in the ground water at a 
downgradient well above ARAB values. Petroleum hydrocarbons detected (which were detected 
in subsurface soils) included benzene, toluene, ethylbenzene, and xylene; trichloroethene and 
tetrachlorethene were not present in the ground water. Low levels of SVOs are present in the 
ground water, primarily the more soluble PAHs, including naphthalene. Naphthalene exceeded 
the TBC values (USEPA Health Advisory) in a downgradient monitoring well. 

Barium exceeded the primary MCL at one well; secondary MCLs were exceeded in all 
wells for sodium, iron, and manganese. The sodium is related to the brackish water conditions. 

Gross alpha and/or gross beta radiation screening values were exceeded in two ground 
water monitoring wells within the landfill. These elevated readings could be the result of 
naturally occurring radioisotopes, but further analysis is required for confirmation. 

?== 

The one surface water sample collected in the Thames River adjacent to the site did not 
contain VOCs, SVOs, pesticides or PCBs. Inorganic constituent values appear consistent with 
brackish water. Copper was present above water quality standards. 

PHASE I RI NSB-NLON 8-S AUGUST 1992 



In summary, the levels of VOCs and SVOs in the subsurface soils are having some 
impact on ground water quality (some slightly above ARARs/TBCs), but overall the 
concentrations are relatively low. The elevated inorganics in soils, principally arsenic, 
cadmium, chromium, lead and mercury, are not adversely impacting ground water quality. 

Health and Ecological Risk Assessment: Future construction and excavation activities 
in the parking lot could result in some risk to workers, if proper health and safety procedures 
are not followed. There is some potential that vapors from within the landfill could enter the 
museum building, however, this possibility has not been fully investigated. There is also a 
possibility that children could come in contact with sediments in Goss Cove. At present there 
are no data on the level of contaminants in these sediments. 

Although ground water quality exceeded drinking water standards, no drinking water 
wells are within the affected area, nor could they be due to the proximity to the brackish Thames 
River. 

Ground water from Goss Cove Landfii discharges to the Thames River. Based on the 
data presented in this report, a qualitative assessment indicates that contaminant concentrations 
in ground water at these sites are expected to be below water quality criteria after further 
dilution in ground water, attenuation due to adsorption to soils, and dilution in the Thames River 
estuary. Risks to aquatic life due to contaminants in ground water discharge from the site are 
also expected to be low. 

8.1.4.2 Recommendations 

It is recommended that this site proceed to the Step II phase of the IR program. 
Specifically, the following recommendations are provided. 

1. Specific worker health and safety provisions are recommended for all future 
subgrade construction projects at the site. Prior to construction in specific 
areas, further subsurface investigation should be conducted to characterize the 
quality/ disposal and health and safety requirements of the material to be 
encountered. It should be noted that some utility reconstruction is being 
designed. 

2. The geophysical survey indicated the presence of buried metal objects at 
three locations as specified in Section 4.0. Any future planned construction 
near these areas should include exploratory excavation in these areas to 
identify construction health and safety requirements. 

3. It is recommended that several borings/soil analyses be conducted in the area 
closer to the Nautilus Museum and remaining Goss Cove. This should be 
performed in conjunction with indoor air quality measurements within the 
Nautilus Museum building to assess potential health risks. 

4. A quantitative health and environmental risk assessment of the potential 
impact of the site on the Thames River should be conducted to verify the 
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qualitative assessment that impacts appear negligible. This would include 
surface water samples at low tide (ground water discharge) conditions, 
sediment sampling, and biota survey/sampling along the Thames River and 
Goss Cove shoreline. 

5. Conduct another ground water sampling and analysis round for TCL organics 
and TAL inorganics to confirm the analytical results. Also, perform specific 
radiological isotope ground water analysis to determine the source of the 
radiological constituents (natural or otherwise). 

8.1.5 OBDANE 

8.1.5.1 Summarv 

Backpround: The Over Bank Disposal Area Northeast (OBDANE) site is located in a 
heavily wooded area on the edge of a ravine northwest of Area A Landfill, and south of the 
Torpedo Shops. Inspections of this site have indicated the presence of several empty fiber drums 
in this area. No visual staining or stressed vegetation was observed. 

Nature and Extent of Contamination: Five (5) surface soil samples were collected for 
analysis fro;m this site, from two sample locations, to screen for potential releases at this site. 
One surface soil sample contained tetrachlorethene at 2 ppb, below the TBC value. No SVOs, 
PCBs, or pesticides were present. No inorganic compounds exceeded established background 
levels or TBC levels based on TCLP analysis. 

Health and Ecolo&al Riik Assessment: This site appears to pose a negligible risk 
based on the lack of activity and the low concentration of chemicals. 

8.1.5.2 Recommendations 

Supplemental Step I investigations are recommended to determine if Step II 
investigations are necessary or to support a no further action recommendation. 

8.1.6 Spent Acid Storage and Disposal Area 

8.1.6.1 Summarv 

Background: This site is located in the southeastern section of NSB-NLON, between 
the southern side of Buildings 409 and 410. A 4’ x 4’ x 12’ long rubber-coated underground 
tank was used for temporary storage of waste battery acid around World War II. The tank top 
is still visible, but has been filled with earth and capped with concrete. 

Nature and Extent of Contamination: Seven subsurface soil samples were collected 
to screen for potential release of battery acids from the subsurface tank. High levels of lead 
were present in six of seven soil samples based on TCLP analysis. Four samples are classified 
as a RCRA hazardous waste due to the lead concentrations. These samples were collected at 
the O-4 foot depth interval. Several soil samples also had low pH values. The elevated levels 
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of lead and low pH values substantiate that a release of battery acid likely occurred. The present 
level of subsurface investigation has not defined the extent and degree of contamination. 

Health and Ecolopical Risk Assessment: The area between Buildings 409 and 410 is 
scheduled for construction of a new building. There may be some risk to construction or utility 
maintenance personnel associated with contact with contaminated subsurface soils if they do not 
follow appropriate health and safety procedures. Based on similar levels of lead at DRMO, and 
the resulting risk for construction workers (Hazardous Waste Storage Building Construction), 
the risks at this site to unprotected construction workers could be above acceptable levels. The 
site is developed, therefore, there are no significant ecological risks. 

8.1.6.2 Recommendations 

It is recommended that this site proceed to the Step II phase of the IR program. Further 
subsurface soil investigation is recommended to characterize the extent of contamination in this 
area for possible remediation. A ground water quality investigation is also recommended to 
assess potential lead contamination, particularly in light of the low soil pH values, which may 
tend to make the lead more mobile. Should construction in the area be required, appropriate 
worker health and safety procedures should be developed. 

8.1.7 Former Gasoline Station 

8.1.7.1 Summary 

Background: The former gasoline station site is located in the roadway and parking area 
just south of Building 164 (Dealey Center). The gasoline station operated from 1940 to the early 
1960s. Several underground gasoline tanks and a waste oil tank existed onsite. 

Nature and Extent of Contamination: The geophysical investigation identified the 
potential presence of one underground gas tank which appears to remain on the site. The soil 
gas survey did not detect the presence of significant VOC constituents, although organic vapor 
field measurements of subsurface soil samples indicated levels above background. 

Five subsurface soil samples were collected from five test borings to screen for potential 
releases from the former gasoline station. Only one soil sample, located adjacent to the 
identified gas tank, contained VOCs. Trichloroethene and benzene were detected below TBC 
values. No metals exceeded established background concentrations, although three soil samples 
contained arsenic exceeding the TBC value based on TCLP analysis. The arsenic TCLP results 
do not appear significant, as arsenic concentrations do not exceed background values based on 
mass weight analysis. 

Health and Ecolopical Risk Assessment: No risks are identified under existing 
conditions based on available data. Appropriate health and safety precautions should be followed 
during tank removal to confirm that no contamination is present. The site is developed, 
therefore, there are no significant ecological risks. 
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8.1.7.2 Recommendations 

It is not recommended that this site proceed to the Step II phase of the IR program. 
However, it is unlikely that the potentially identified underground gasoline tank was abandoned 
in accordance with current requirements (e.g., cleaning/filling with inert material). It is 
recommended that the tank be removed, and at the time of removal, confirmation soil samples 
be collected from the tank grave. Samples should be collected from excavation sidewalls, at 
a depth just below the tank bottom and at the depth of the ground water table interface. 
If no contamination is identified at that time, then no further action would be recommended at 
this site. If contamination is detected, corrective actions should be taken in accordance with 
the underground storage tank regulations. 

8.2 Sten II Sites 

8.2.1. Area A/OBDA 

8.2.1.1 Summarv 

Background: The Area A Landfill is located in the northeastern and north-central 
section of NSB-NLON. It is approximately seven acres in size. Access is via a dirt road off 
Wahoo Avenue. The Area A Landfill is a relatively flat area bordered by a steep, wooded 
hillside that rises to the south, a steep wooded ravine to the west, and the Area A Wetland to 
the north. Aerial photographs show that the landfill appears to have extended east along the 
wetland to as far as the present position of the termis courts. Runoff from the landfill drains as 
overland flow north into the Area A Wetland, which subsequently discharges to the Area A 
downstream watercourses and into the Thames River. 

The landfill opened sometime before 1957. The base incinerator ceased operating in 
1963, and from 1963 to 1973 all wastes were disposed in the landfill unburned. During this 
time, all non-salvageable materials generated by the submarines and base operations were 
disposed in the Area A Landfill. 

Landfilling operations ceased in 1973. After closure, a concrete pad was constructed in 
the southwest portion of the landfill for above ground storage of industrial wastes. At the time 
of the IAS survey, 42 steel drums, 87 transformers (mineral and PCB), and 60 to 80 electric 
switches were stored on the pad. Two transformers and several electrical switches were leaking. 
Past leakage of oil was also evident. Most drums were stacked on wooden pallets and those 
having PCB labels were covered and bound with plastic sheeting. All of these materials have 
since been properly disposed offsite. 

Sand bags and contractors’ supplies and equipment have, in recent years, been stored 
over the former landfill. Several transformers, removed underground storage tanks, crane 
weights, and other equipment are stored on the concrete pad in the southwest portion of the 
landfill. The specific items stored in this area vary. The remainder of the landfill is not paved. 

- 

The construction of a paved parking lot on the southeast end of the Area A Landfill was 
planned, but has been delayed indefinitely. 
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The Area A Wetland abuts the north side of the landfill and is approximately 30 acres 
in size. The maximum wetland sediment thickness is approximately 35 feet, based on boring 
information. Until 1957, this portion of the site was undeveloped, wooded land. In 1957, 
dredge spoils from the Thames River were pumped to this area and contained within an earthen 
dike that extends from the Area A Landfill to the south side of the Weapons Storage Area. 
Atlantic learned during the course of this study that, previously, pesticide “bricks” were placed 
on the wetland ice during winter and allowed to melt and discharge into the wetland for 
mosquito control. 

Several construction projects are planned for the Weapons Storage Facility at the north 
end of the Area A Wetland. The facility was constructed partially on the dredged fill material 
and settlement has occurred in several areas. Routine maintenance and security improvements 
that are planned include grouting and waterproofing bunkers, repaving roads, and the installation 
of culverts and regrading associated with these activities. The Navy also plans to build more 
magazines and bunkers in this area within ten years. 

The Area A Downstream Watercourses drain the Area A Landfill and Wetland and 
ultimately flow into the Thames River. The Area A Downstream Watercourses include North 
Lake and several small streams which discharge from Area A and the Torpedo Shop and 
ultimately discharge to the Thames River. 

Ground water also discharges from Area A to a small wetland at the base of the dike and 
the Over Bank Disposal Area site. A stream flows from this wetland west toward North Lake, 
a recreational swimming area for Navy officers. Under normal flow conditions, the stream 
enters a culvert which bypasses the pond and discharges to a stream below the outfall of the 
pond. This stream flows west under Shark Boulevard and through the golf course to the Thames 
River. There is a manhole adjacent to North Lake, that connects to another pipe, which was 
designed to discharge overflow water from North Lake. Under substantial runoff conditions, 
however, it is possible that some water discharges to the pond from this stream. 

-y= 
‘CI 

Further development is not planned for this area. 

The Over Bank Disuosal Area (OBDA) is located on the slope of the dike below and 
adjacent to the Area A La&ii. A small wetland exists at the base of the dike. 

This area was a disposal site after the earthen dike was constructed in 1957. In 1982, 
it was the finding of the previous studies that the material had been there for many years and 
included 30 partially covered 200-gallon metal fuel tanks and scrap lumber. 

Atlantic personnel inspected the site in September 1988, and observed approximately 30 
empty, unlabeled 200-gallon tanks, old creosote telephone poles, several empty unlabeled 55- 
gallon drums, and rolls of wire. Bright orange, organic sediments were observed in the water 
discharging from the base of the dike embankment, apparently leachate from the landfill. 

Area A Landfill - Nature and Extent of Soil Contamination: A radiation, geophysical 
and soil gas surveys were conducted. No radiation above background was detected. The 
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geophysical survey identified several suspected buried metal objects, which were avoided during 
drilling operations. The soil gas survey detected VOCs, predominantly petroleum hydrocarbons, 
in the deployed parking area. 

VOC concentrations in the subsurface soil within Area A Landfill are generally low. No 
TBC values for VOCs in soil samples were exceeded. One surface soil sample collected near 
the concrete storage pad did contain elevated levels of petroleum hydrocarbons. svos, 
principally PAHs, were detected at relatively low levels in some of the landfill subsurface soil 
samples. The results of the SVOs analyses at Area A Landfill are significantly lower than at 
the DRMO and Goss Cove former landfill sites. The organic results, in general, do not indicate 
significant disposal of organic chemicals within the Area A Landfill. 

No F’CBs were detected in the subsurface soils within Area A Landfill. One surface soil 
sample contained PCBs above the TBC concentration of 10,000 ppb. This soil sample was 
collected adjacent to the concrete storage pad where drum storage, PCB transformers, and 
electric switches were once stored. The potential extent of the PCBs in this area was not defined 
based on the two surface soil sample locations. 

Pesticides were detected at three subsurface sample locations (2LMW7S, 2LMW8S, and 
2LMW18S) at Area A Landfill. DDTR were detected at these locations at relatively low 
concentrations and are below TBC values. The DDT was present above the TBC value of 500 
ppb at one surface soil sample near the concrete storage pad. 

Out of the 12 subsurface samples analyzed by TCLP analysis procedures, ten contained 
one or more metals exceeding TBC values. Metals exceeding TBC values included arsenic, 
cadmium, lead, and selenium. TCLP hazardous waste characteristic values were not exceeded 
for any samples. Some inorganic constituents exceeded established background levels based on 
mass weight analysis, including beryllium, cadmium, lead, and mercury. Other metals 
exceeding background levels included copper, nickel and boron. The majority of these elevated 
metals are likely related to a past landfill disposal. 

The lead and cadmium values are generally low, and are not indicative of the existence 
of a significant source such as the reported historical battery acid disposal in this area. Levels 
of cadmium, and particularly lead, were much higher at the Former Acid Storage and Disposal 
Site and DRMO, where battery acid storage tanks’existed. 

Area A Wetland - Nature and Extent of Soil and Sediment Contamination: VOC 
concentrations in the subsurface soil and sediment within Area A Wetland are in the low to 
moderate range. VOCs are generally spatially distributed throughout the wetland area and 
generally present at uniform concentrations with depth. This is consistent with the origin of the 
sediments, from the Thames River dredge materials, deposited in the wetland. VOC TBCs 
exceeded included benzene (one sample), trichloroethene (three samples) and tetrachloroethene 
(four samples). The source of the VOCs in the wetlands subsurface soils would appear to be 
associated with sediments originally contained from the Thames River, and/or absorption of 
ground water chemicals onto the sediments. The origin of the VOCs in the sediments could be 
from several sources, including those mentioned above, runoff from the Weapons Center, and 
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general urban runoff. The samples collected near the landfill did not contain any VOCs above 
TBC values. 

SVOs, principally PAHs, were detected at generally low levels in most of the wetland 
sediment and subsurface samples. Overall SVO concentrations were slightly higher in the O-2 
and lo-22 feet reporting intervals, although this may be attributable to the smaller number of 
samples collected in the 2-10 foot interval. The highest concentration of SVOs was detected 
within a drainage swale at a stormwater discharge location of the Weapons Center. The 
Verification Study sediment sampling of another stormwater culvert discharge location near the 
Weapons Center also indicated the presence of PAHs. Sediment samples recently collected from 
the Thames River also contain low levels of PAHs, consistent with the levels in the Area A 
Wetland. 

PCBs (Arochlor 1260) were detected at two sample locations, but were below the TBC 
value. The source of the PCBs in the wetland near the landfti appears related to transport of 
contaminated surface soils from Area A Landfill. The source of the PCBs detected at the 
Weapons Center is unknown. 

Pesticides (DDTR) were detected at five sample locations in the O-2 foot reporting 
interval. Based on detection in the O-2 foot interval, these appear to be related to the past 
reported surface application of pesticides at the wetland area. The pesticide detections were less 
frequent and the concentrations much less than for the samples from the Area A downstream 
watercourses. This may be related to the potential for higher concentration of pesticides present 
at locations not sampled (pesticide bricks were reportedly applied at point locations), and/or due 
to compositing of the samples. This may be supported by previous sediment sampling conducted 
within the wetland near its outlet and at an upgradient location (east side), which contained 
DDTR in the 17,000 ppb range. Alternatively, it could indicate more substantial application 
of pesticides in the downstream watercourse area. 

In general, metal concentrations within the wetland subsurface soil and sediment samples 
were low. A total of 35 soil and sediment samples were collected within the wetland proper, 
with the remainder collected at adjacent locations. Several samples contained slightly elevated 
levels of lead (7), mercury (3), cadmium (l), and silver (2). Several samples exceeded TBC 
values based on TCLP extraction procedure. These included arsenic, cadmium, chromium, lead, 
selenium, and silver. Only two samples had metal values (lead, silver) which exceeded both 
established background concentrations and TBC values based on TCLP analysis. The elevated 
metals are likely associated with the origin of the sediment from the Thames River. Cyanide 
was detected at the drainage outlet from the Weapons Center. The previous Verification Study 
also reported cyanide at another surface water discharge location from the Weapons Center. 
These detections of cyanide, and the elevated PAHs, suggest a possible source of contaminants 
at the Weapons Center. The elevated levels of cyanide and PAHs suggest that spent Otto fuel 
may be the cause of this contamination, however, the specific source is unknown. 

Area A Downstream/OBDA - Nature and Extent of Soil and Sediment 
Contamination: The subsurface soil samples were collected at well locations which were in 
wooded undeveloped areas where no past disposal was reported or apparent. The exception was 
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.P-. c -. 3MW12S, which was located adjacent to the wetland at the Over Bank Disposal Area, where 
past disposal is evident. 

Trichloroethene (24 ppb) and tetrachloroethene (58 pp) were detected at a subsurface soil 
sample location near North Lake, both of which are above TBC values of 5 ppb. Low levels 
of toluene and 1 , 1-dichloroethene were also detected. The source of the solvents detected near 
North Lake is unknown. One possibility is an unconfirmed report from a retired Navy employee 
who stated that there was a past disposal area in this general vicinity. This could not be 
confirmed based on review of aerial photographs and discussions with other Navy personnel. 

No SVO compounds were detected in subsurface soils, except for low levels of phthalates 
at one sample location. Low levels of SVOs, principally PAHs, were present in a subsurface 
soil sample at OBDA, which correlates with SVOs detected in the sediment samples at OBDA. 

No PCBs were detected in the subsurface sample points. Pesticides, DDT and its 
derivatives, were detected in a subsurface soil sample near OBDA and at a sample near North 
Lake. The detection of pesticides at these locations appears related to past pesticide application 
in Area A. No significant detections of inorganics were noted in the subsurface soil samples. 

Twenty-three sediment samples were collected for analysis from the OBDA wetland, the 
Area A downstream watercourses and associated ponds, and North Lake. The purpose of the 
sediment sampling and analysis programs was to assess the extent of sediment contamination 
(principally pesticides) within this area, due to past application and sediment transport from 
potential source areas. Previous analysis of sediments in this area indicated the presence of 
pesticides and metals. 

No VOCs were detected above TBC values for samples collected. At sample locations 
near the outlet of Area A wetland, ‘low levels of VOCs (methylene chloride, trichloroethene) 
were detected, indicating some limited migration of VOCs via sediment transport from Area A 
wetland. Within OBDA, all sediment samples contained low levels of VOCs, but below TBC 
values. VOCs detected include methylene chloride, 2-butanone (methyl ethyl ketone), 
tetrachloroethene, toluene, ethylbenzene, and xylene. This indicates that some past releases of 
solvents and petroleum hydrocarbons occurred at the OBDA site. These VOCs could also be 
partially attributable to adsorption of chemicals to the sediments from ground water. Low to 
moderate levels of SVOs were detected in most sediment samples. 

The only detection of PCBs was at 2DSD12, which is at the outlet of the downstream 
watercourse, at the Thames River, adjacent to DRMO. Based on the elevated levels of PCBs 
at the DEMO site, it appears likely that this is associated with surface water runoff from the 
DRMO site and not Area A. 

Pesticides (DDTR) were detected at moderate to very high concentrations within the Area 
A downstream watercourses and ponds. No pesticides were detected in the North Lake 
sediments. The TBC value was exceeded at ten of the 23 sample locations. The highest 
concentrations were detected in the two ponds below the Area A dike, and within the OBDA 
sediments. Based on these concentrations being much higher than those found within Area A 
wetland, this may be due to pesticides application rather than sediment transport. High 
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concentrations in these areas suggest that substantial quantities of pesticides were applied in this 
area. Lower concentrations downstream of these areas and extending to the Thames River are 
likely attributable to sediment transport from the higher concentration areas. The data indicates QmlJ& 
that some ongoing migrations of pesticides, due to sediment transport, to the Thames River is 
occurring from the pond source areas. 

Several metals were detected above established background levels. These occurred in 
samples closest to the Area A wetland area. They included beryllium, cadmium, lead, selenium, 
zinc and boron. Cadmium was not detected above background levels in the Area A wetland 
sediments, therefore, the cadmium source does not appear to be related to sediment transport 
from the wetland. No metals were detected above background levels in North Lake sediments. 

Ten sediment samples were collected from the OBDA area. Sediment samples contained 
metals above established background levels for cadmium (3), iron (2), lead (4), selenium (2), 
and zinc (2). Cadmium results based on TCLP analysis correlated with mass weight analysis 
for two samples. TCLP analysis detected no lead. The elevated iron concentration may 
partially explain the rust colored leachate that is visible in this wetland area and within the 
stream bed. The lead and cadmium may suggest battery/battery acid disposal in this area, which 
were the highest concentrations recorded throughout Area A. Alternately, it could be related 
to the cadmium present in the ground water at this location, and adsorption onto the sediments 
as it discharges to OBDA. 

Area A - Nature and Extent of Ground Water Contamination: Twenty-eight ground 
water monitoring wells were installed and sampled within Area A, which includes the landfill, 
wetland, and downstream areas. Eleven were water table overburden wells and 17 wells were 
installed and screened in the bedrock aquifer. 

VOCs were detected in only six of 28 monitoring wells within Area A. Of the six, only 
three locations exceeded TBC/ARAR values for drinking water. The solvent trichloroethene was 
detected above drinking water standards (ARA.Rs) at 2LMW13D (10 ppb) at the west end of the 
landfill, and 2DMW16D (17 ppb) upgradient of North Lake. These are both bedrock wells. 
This suggests a low concentration plume of solvents within the bedrock aquifer extending from 
the western portion of the former landfill downgradient to the North Lake area. The ground 
water does not appear to discharge to North Lake, based on the vertical head gradient 
information at 2DMW16WzD. The plume appears to be fairly narrow, as no solvents were 
detected in the Area A downstream wells to the north. This is supported by review of the 
ground water specific conductivity data which is used as a landfii leachate indicator. Solvents 
were not detected in downgradient well 3MW12D (OBDA), suggesting preferred fracture flow 
is occurring in the bedrock aquifer. However, this does not correlate with the cadmium data, 
which indicated elevated levels of cadmium at 2LMW13S and 3MW12D. The downgradient 
extent of the solvent plume is undefined, which is flowing in a westerly direction. Benzene was 
detected at 10 ppb, above drinking water standards (5 ppb) at 2LMW18S, which may be related 
to the parked vehicles in this area; it was not detected in any other well in Area A. 

Overall, the VOC concentrations for those wells where detected are low, given the 
historical use of Area A as a landfill. Although drinking water ARAR/TBC values are exceeded 
in three wells, the results do not indicate any significant ongoing release of VOC contaminants. 
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- Based on the soil gas and subsurface soil data, low levels of petroleum hydrocarbons and 
solvents are present throughout much of the Area A landfill area. This suggests a generally 
uniform-low level of soil contamination within the landfill, and no substantial source area. The 
deployed parking area and adjacent area to the east (also used for automobile storage/parking) 
exhibited the most uniform level of petroleum hydrocarbons based on soil gas data. 

PCB was detected in the ground water at one location within the landfill. The 
concentration exceeded its solubility and further sampling of the well would be required for 
confirmation of the result. 

Cadmium was the only inorganic compound which exceeded primary drinking water 
standards (ARARs) within Area A. Cadmium was also detected in one instance above drinking 
water standards at a residential well located east of Area A. Cadmium was detected above the 
5 ppb drinking water standard at 2LMWlSD (7.2 ppb), 2WMW3D (7.7 ppb), 2WMWSS (6.4 
ppb), 2WMW3S (10.6 ppb), 2LMW18S (29.1 ppb), 2LMW13D (44.8 ppb), and 3MW12D (16 
ppb). The source of these elevated levels of cadmium may be related to soils within the landfill 
and, possibly, OBDA. However, cadmium soil concentrations in the landfill only exceeded 
established background levels at one sample location (2LMW8S). It is possible that higher 
concentrations of cadmium exist in the landfill, at locations other than the sample points. 
Dissolved cadmium levels in Area A ground water may be partially attributable to low pH values 
for some wells. The upward ground water vertical head gradient within most of the landfill 
should minimize the transport of cadmium to the bedrock aquifer from an apparent landfill 
source. However, at bedrock well 2LMW13D, where there is a strong upward vertical head, 
the cadmium is present in the bedrock system, from a source either upgradient within the 
landfill, or another unknown upgradient source. The former Weapons Center is upgradient of 
this area along Wahoo Avenue, however, the lack of elevated levels of cadmium in other nearby 
bedrock wells (2LMW9D, 2LMW17D, and 2LMW14D) does not strongly support an offsite 
source, but rather a landffl source. 

The overburden ground water flow along the central and eastern portion of the landfill 
is toward the wetland, and along the western portion of the landfill to the northwest, down the 
Area A downstream watercourse valley. Therefore, the cadmium ground water contamination 
appears confined to the landffl and the OBDA area. Cadmium was only detected in well 
3MW2D in the OBDA, suggesting a potential confined plume to the northwest although, due to 
preferred bedrock flow patterns, other wells may not have intercepted the cadmium and, 
therefore, the cadmium plume may be undefined. 

+=--. 

Of importance to this study is the direction of bedrock ground water flow in this area, 
due to the detection of cadmium in several offsite residential wells to the east of Route 12. 
Inspection of the bedrock ground water contour map indicates that the residential wells along 
Route 12, Baldwin Hill Road and North Pleasant Valley Road are upgradient of Area A, and 
would not be affected by conditions at the site. Most of these wells had bedrock ground water 
elevations substantially higher than wells containing cadmium in Area A (2WMW3D, elevation 
76 feet). However, residential wells near the NSB-NLON east gate, southeast of Area A, had 
bedrock water elevations (75-80’) in the same range as 2WMW3D, the closest bedrock well in 
Area A. Tberefore, based on the available data, it is indeterminate if these wells are upgradient 
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or downgradient of the western portion of the Area A Landffi, however, cadmium does not 
exceed drinking water standards in these wells. 

Iron and manganese exceeded secondary drinking water standards in many Area A wells. 
The results for 2WMWlD and 2WMW2D (upgradient wells) and the residential well analytical 
results were much lower for iron and manganese, which indicates a source of these inorganics 
within the Area A landfill material and wetland sediments. 

Radiological screening parameters were exceeded in nine of the 20 samples. These 
occurred at three within the landfill area; one near the Weapons Center; and four within the 
Area A downstream area. These elevated readings could be the result of naturally occurring 
radioisotopes which do not meet the gross screening criteria. Further sampling and analysis is 
required for confiiation. 

Residential Well Analvtical Results: A residential well sampling and analysis program 
was conducted to assess ground water quality in offsite areas near Area A. 

The fast round sampling indicated low levels of chloromethane, methylene chloride, and 
xylene at OSW15 (16 Sleepy Hollow), but below drinking water standards. This well was 
resampled for VOCs in the second round and none were detected. The first sampling round 
indicated the presence of cadmium at OSW6 (1458 Route 12) above primary drinking water 
standards (10 ppb) at a concentration of 26.3 ppb. Other compounds (iron, manganese, 
aluminum and sodium) were detected in other wells which exceeded secondary drinking water 
standards, and are attributable to natural ground water conditions. 

Due to the presence of cadmium, second and third sampling rounds were conducted to 
expand the sampling program to areas east of Area A on Route 12, North Pleasant Valley Road, 
and Baldwin Hill Road. The second and third sampling rounds did not detect any metals above 
primary drinking water standards. Also, cadmium was not detected at 1458 Route 12, where 
it was previously present. Cadmium was detected at low levels at five of 13 wells sampled in 
the 2.1-3.1 ppb range, below the 10 ppb standard. As previously discussed, an assessment of 
the ground water hydrogeology of this area indicates that the presence of cadmium in the offsite 
residential wells is not attributable to the detection of cadmium within Area A at NSB-NLON, 
with the possible exception of well OS25 to the southeast, which contained cadmium below 
standards, but could be downgradient of Area A Landfill. 

The cadmium detected within the residential sample area appears to be a natural 
background concentration in the ground water. A further round of residential well sampling is 
planned to further confii the analytical results. 

Boron was found in all residential wells above the TBC value of 600 ppb, which is 
based on an EPA health advisory. Concentrations of boron ranged from 770 to 2,000 ppb. 
The source of this boron is unknown. 

Nature and Extent of Area A Surface Water Contamination: Fifteen surface water 
samples were collected within Area A, including the wetland, downstream areas and Thames 
River. These samples were collected to assess the surface water quality. 
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Low levels of VOCs were detected at several sampling points 2DSW5,2DSW7,2DSW8, 
2DSW12, and 2DSW13. Except for one sample, constituents detected are petroleum 
hydrocarbons and could be associated with runoff. One sample near Triton Avenue contained 
3 ppb of tetrachlorethene and 2 ppb of styrene. No ARARs or TBCs were exceeded for the 
VOCs. No SVOs were detected at any of the sampling locations. 

No pesticides or PCBs were detected at any of the sampling points except for 2DSW4, 
which contained 1.9 ppb of DDD. This sample is in the area where high levels of DDTR, 
including DDD, were detected in sediments. It is likely that the origin of DDD in the surface 
water is from the sediments. 

ARkRslTBCs for inorganics were exceeded at several sample locations for cadmium (3 
of 15), copper (15 of 15), iron (11 of 15), lead (11 of 15), manganese (13 of IS), zinc (14 of 
15), and mercury (1 of 15). These ARARs are based upon in-stream water quality criteria and 
standards to protect aquatic life and may not be appropriate to the wetlands and small drainage 
streams. The presence of iron and manganese in surface water may be a result of the low pH 
and reduced conditions created by the Area A Landfill. Some of the iron and manganese may 
originate from wastes, however, the majority of what is detected in surface water is probably 
being leached from native soils. Of note are the ARAR exceedances in the Thames River at 
sample locations 2DSW12 for manganese and iron, and at 2DWS13 for manganese. Area A 
upstream surface water samples also contained elevated levels of iron and manganese, whereas 
surface water samples in the Thames River at DRMO and Goss Cove did not contain levels 
above ARARs. The iron standard of 1000 ppb is based on chronic aquatic toxicity water quality 
criteria and the manganese standard is based on water quality criteria for human health risks 
from fish consumption. 

Copper and zinc, which exceeded water quality criteria or standards, were also detected 
in concentrations above background in soils at the Area A Landfill soils. It is assumed that the 
elevated concentrations originate from the Area A Landfill. 

Cadmium and lead are present above ARARs and levels normally seen in natural surface 
waters and are present both in the Area A wetlands and landfill soils and sediments. The 
presence may be the result of historical disposal activities. However, cadmium and lead were 
also detected in the upgradient sample location (2LSWl) above ARARs. 

Mercury was only detected in one surface water sample (2DSW9). This location 
(adjacent to Triton Road) is immediately downgradient of two sediment sampling locations where 
mercury was found. Although these two sediment mercury concentrations were below 
background, mercury was not detected in any other sediment samples. There was one 
occurrence of mercury above background concentrations in Area A Landfill soils. Mercury is 
rarely found in natural surface waters above 1 ppb. The source of the mercury in sediments is 
not apparent, however, historical disposal in Area A Landffl is possible. However, it is more 
likely that a past release upgradient of sample locations 2DSD7 and 2DSD8 along Triton Road 
occurred. It is noted that sediment sample 7SD1, within a runoff swale from the Torpedo Shop, 
contained no mercury, nor did any other soil or ground water sample at the Torpedo Shop, 
which implies that the Torpedo Shop is not the source. 
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All of the radiological results were below ARAB screening values. 

Human Health Risk Assessment: Several identified exposure pathways were evaluated -* 
for Area A. They are listed as follows: 

l Workers repairing utilities within Area A; 

l Weapons Center personnel exposed to fugitive dusts from Area A Landfill; 

l Workers moving pallets within Area A Landfill; 

l Navy personnel exposed to fugitive dust while engaged in recreational 
activities near Area A Landfill; 

l GrotonLedyard residents exposed to fugitive dust from Area A Landfill; 

l Citizens attending car auctions at Area A Landfill; 

l Subase children exploring woods within Area A; 

l Subase children exploring streambeds and Area A Wetland; and 

l Children swimming in North Lake. 

Negligible or de minimus risks were calculated for workers repairing utilities within Area 
A, Weapons Center personnel exposed to fugitive dust, Navy personnel exposed to fugitive dust 
while engaged in recreational activities, citizens attending car auctions, and children swimming 
in North Lake. 

The following exposure scenarios did exhibit risks which fell within the one in one 
hundred thousand to one in one million excess cancer risk range: 

l Workers moving pallets within Area A Landfill (risk due to presence of PCBs 
in landfill surface soils); 

l Subase children exploring woods within Area A (risk due to PCBs in landfill 
surface soils); and 

l Subase children exploring streambeds and Area A Wetland (risk due to 
pesticides in stream sediments). 

Ground water within Area A contains VOCs and cadmium above ARAB and TBC 
drinking water standard/guidance values, indicating a potential health risk if the water were to 
be consumed. No potable water supply wells exist, or are planned by the Navy, in the 
potentially affected downgradient area. The Navy owns the land within the potentially affected 
area. Therefore, under existing and projected future land use conditions, no exposure pathways 
exists for human consumption of degraded ground water. 
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-- J&loGal Riik Assessment: The ecological risk assessment addressed risks to a variety 
of trophic levels in the terrestrial and aquatic food chain in Area A. On the lower level of the 
food chain, risks to plants were low. Plants are unlikely to accumulate organic compounds to 
a great degree. Metals concentrations in soils and sediments were, in general, below levels that 
may adversely affect plants or higher trophic level organisms that feed on plants. However, 
cadmium concentrations in soil samples from the OBDA exceeded recommended levels 
protective of plants and organisms consuming plants. 

Risks to terrestrial organisms due to DDTR in soil were greatest for soil invertebrates 
in the OBDA. The risks to soil invertebrates in the wetland and downstream areas due to 
contaminants were low. 

The assessment indicates that DDTR in sediments of streams and ponds in the 
Downstream Watercourse Area poses a potentially great risk to biota. Organisms with the 
greatest exposure to DDTR contaminated sediments are benthic invertebrates. Frogs are also 
directly exposed to sediment during winter months. Other organisms potentially affected by 
these sediments are fish, if they are present in the ponds. Birds such as ducks, heron, and 
mammals such as raccoons and otter, may be exposed to DDTR by feeding on contaminated 
aquatic invertebrates and frogs, but this exposure will only account for a small part of their diet 
because they are likely to feed over a much greater geographical area than Area A. 

Higher level organisms in the food chain may be exposed to the DDTR and, to a lesser 
extent, to PAHs bioaccumulated in soil invertebrates. The greatest potential risks are to small 
mammals such as the shrew that consume a diet consisting mainly of soil invertebrates at a rate 
equivalent to their body weight per day. Based on the assumption that they consume only 
contaminated soil invertebrates, there are potential risks to these animals. Risks to herbivorous 
birds and small mammals are much smaller than for the maximally exposed shrew since they 
have much less exposure to DDTR. Based on the low body burdens of DDTR in catbirds 
collected from Area A, risks to birds feeding on soil invertebrates appear to be low. This may 
be because the area they feed in is large in comparison to the portion of the OBDA with elevated 
levels of DDTR in soil. 

The aquatic organisms in Area A at greatest risk are those exposed to elevated levels of 
DDTR in pond and stream sediments in the Downstream Watercourse Area. Therefore, benthic 
invertebrates, and possibly frogs are at greatest potential risk. DDTR contaminated sediments 
have been transported by the streams in the downstream portion of Area A to the Thames River. 
However, DDTR concentrations and, therefore, potential risks due to DDTR are much lower 
at the stream outfalls than upstream. 

8.2.l.2 Recommendations 

It is :recommended that this site proceed to the Feasibility Study phase to address the 
health and ecological risks identified. Additional data is recommended to be collected concurrent 
with the Feasibility Study to further assess several site conditions for input to the FS. 
Recommendations and data requirements are provided below. 
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Landfill Soils 

l Further soil sampling is recommended around the Area A concrete pad 
(former hazardous waste storage area) to define the full extent of 
contamination identified in that area. 

Wetland Sediments 

l Further sediment sampling is recommended in the Area A Wetland to confirm 
the relatively low levels of pesticides detected compared with Area A 
Downstream sediments. Sampling in the pond and open water area near the 
wetland outlet is also recommended. These data are required for the 
Feasibility Study and further ecological assessment. The pond information 
would better allow assessment of risks to biota in these areas and to compare 
measured body burdens of DDTR in frogs from the wetland pond to sediment 
DDTR concentrations. 

Ground Water 

l Conduct another ground water sampling and analysis round for TCL organic 
and TAL inorganic parameters to confirm the analytical results. Also, 
perform specific radiological isotope ground water analysis to determine the 
source of the radiological constituents (natural or otherwise). 

l The extent of VOC and cadmium ground water contamination in Area A 
Downstream should be defined and monitored. 

l Further assessment of the ground water flow direction in the area of the 
southeastern portion of the landfill is required with respect to the homes 
served by private wells near NSB-NLON east gate. This would require the 
installation of additional monitoring wells in this area, and surveying the 
elevation of the water in the private wells. 

Residential Wells 

l A further investigation of the sources of boron in residential wells is 
recommended. 

Wea13ons Center 

l Further assessment of the source of elevated levels of cyanide and PAHs 
adjacent to the Weapons Center is recommended. 

North Lake 

l Surface soil sampling around the North Lake area is recommended to 
determine if contamination is present due to past pesticide application in the 
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general area. This is recommended to assure the safety of use of North Lake 
as a recreational area. Continued monitoring of North Lake is recommended 
should the lake remain open for public use. Should the lake remain open, 
access to the downstream watercourse areas should be restricted. 

l Long-term ground water elevation monitoring is recommended in this area 
to better determine ground water flow directions. 

l The overflow pipe from North Lake to the stream which flows to the south 
of North Lake will be eliminated to prevent the possibility of water from 
the stream discharging into North Lake. 

Downstream Watercourses and Pond 

l The ecological assessment was based on a limited number of surficial soil 
s‘amples from the Area A Downstream Watercourse Area. At the time of 
designing the sampling program, it was unknown that DDTR levels would be 
the most elevated in this area. To gain a greater level of confidence in this 
assessment, we recommend additional surficial soil sampling and analysis in 
the downstream watercourse area. 

l Additional information is required on biological conditions in the Area A 
Downstream Watercourses where elevated levels of DDTR were detected in 
pond and stream sediments. No biota sampling was performed in these areas. 
The assessment predicts risks to benthic invertebrates and possibly to frogs in 
these areas. To supplement this assessment with actual field data, additional 
field work is recommended to assess the biological community in the ponds 
and streams where DDTR was detected at elevated levels in sediments. 

Tbames River 

l Pesticides are being transported to the Thames River. Although the levels in 
the river sediments detected to date are not high, further delineation is 
recommended to further evaluate this condition. Manganese has also been 
detected in the Thames River surface water samples at the outlet of Area A in 
concentrations above water quality criteria. In light of these facts, further 
ecological assessment of the Thames River, similar to that recommended at 
Gross Cove, DRMO, and Lower Subase is recommended to provide greater 
assurance regarding the current assessment of ecological risks. This 
assessment should consider the potential cumulative effects of NSB-NION on 
the river. 
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8.2.2 DRMO 

8.2.2.1 Summarv 

Backpround: The Defense Reutilization and Marketing Office (DRMO) site is adjacent 
to the Thames River in the northwest section of NSB-NLON. The DRMO is the storage and 
collection facility for items to be sold at auction sales held periodically through the year. Scrap 
metal is also temporarily stored prior to being transported off this site. 

The DRMO site was used as a major base landfill and burning ground from 1950 to 
1969. The materials burned and landfilled included construction materials, combustible scrap, 
and other non-salvageable waste items. These materials were reportedly burned on the 
shoreline, and disposed over the riverbank and partially covered. Also, a former battery acid 
handling facility was located adjacent to Building 491. An in-ground rubber-lined tank and 
associated pumping facilities were present, similar to the Spent Acid Storage and Disposal Area 
site. 

DRMO operations at this site, after the closing of the landfill, include storage of various 
items, including submarine batteries, white goods, and empty drums. 

Future plans for this site include the construction of a Conforming Storage Facility for 
the temporary storage of hazardous waste generated at NSB-NLON. Other routine grading and 
minor excavation occurs in the northern portion of the site. 

Nature and Extent of Contamination: Radiation, geophysical and soil gas surveys were 
conducted. No radiation above background was detected. The geophysical survey identified 
several suspected buried metal objects, which were avoided during drilling operations. The soil 
gas survey assisted in defining VOCs in several areas. 

Twenty-four soil samples were collected, from 12 test boring/monitoring well locations. 
Four surface soil samples were also collected. Six ground water samples were also collected 
and analyzed. These samples were analyzed to define the nature and extent of contamination 
at the former landfill site. 

Some evidence of the former landfill was encountered during the drilling, including wood 
fragments, brick, metal, but predominantly earth fill material. The depth of fill varied from 
zero to eight feet. 

VOC concentrations in soil at DRMO are generally low. However, many soil samples 
exceed TBC values for VOCs. Elevated VOCs were detected at 6TB4 (6-g’), where the 
following was found: vinyl chloride (1300 ppb), trichloroethene (20,000 ppb), and 
tetrachlorethene (210 ppb). The contamination appears to be generally isolated at the site based 
on results of the soil gas survey and other soil samples collected in this area. 

SVOs were present in most samples collected in the former landfill area. The SVOs 
were predominantly comprised of PAH compounds, many of which were at elevated levels. The 
spatial density of the sample locations indicates that PAHs are likely present throughout the 
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h DBMO site limits. Based on the former use of the site as a landfill, and an area where material 
was burned, the PAHs are likely a result of incomplete combustion and, perhaps to a lesser 
degree, due to petroleum releases. 

PCB Arochlor 1260 is present at almost all sample locations except 6MW5S 
(background), and 6MWlS and 6MW2S (rear of office and storage building). Concentrations 
range from 52 ppb to 12,000 ppb. It is generally present in both the O-2’ and 2-6’ depths. The 
presence of PCBs at this site is most likely associated with scrap metal storage (e.g., white 
goods) and associated capacitor leaks, and past storage of transformers, and not necessarily due 
to landfill disposal. PCB (Arochlor-1260) was also detected at sediment sample location 
2DSD12, at the outfall of the storm drainage system from Area A, to the rear of Building 397 
at DRMO. It was not present in other upgradient sample points along the Area A downstream 
watercourses, and may be a result of surface soil transport via surface water runoff from 
DRMO. 

Pesticides were detected at one sample location at elevated concentrations; no other 
pesticides were detected at other sample locations. Total pesticide concentration was 57,800 
ppb, consisting of DDT, DDD and DDE. The DDT concentration was detected above the TBC 
value. Due to pesticide detection at only one sample location and at a depth of 2-6 feet, it was 
likely associated with past landfting rather than application. 

Out of 24 samples analyzed for TCLP metals, 21 contained one or more metals exceeding 
TBC values. Metals exceeding TBC values included barium, cadmium, chromium, lead, 
mercury and silver. TCLP hazardous waste characteristic values were exceeded for lead (5 
ppm) at 6MW3S (2-4’) 52 ppm, at 6TB5 (2-6’) 32 ppm, and at 6SS3 (o-0.5’) 6.2 ppm. Lead 
values were generally elevated around Building 491 (former battery acid handling), indicating 
battery acid releases occurred in this area. Many inorganic constituents exceeded established 
background levels based on mass weight analysis. These included antimony, beryllium, 
cadmium, cobalt, copper, lead, mercury, nickel, zinc and boron. The majority of these elevated 
metals are likely related to a combination of past landfill disposal and scrap metal storage. 

No petroleum hydrocarbons were detected in the ground water samples. Trichloroethene 
and 1,2 dichloroethene were present in three downgradient wells (6MW2S, 6MSV3S, and 
6MW4S). Trichloroethene exceeded the ARAB value (5 ppb) with a concentration of 8 ppb at 
well 6MW4S. The primary source of the solvents in the ground water, based on the soil 
analytical re:sults and the soil gas data, is projected to be in the area of 6TB4, 6MW4S, 6TB6 
and 6TB7. 

No SVOs, PAHs, pesticides or PCBs were detected in any wells at the DRMO site. Low 
levels of phthalates and benzoic acid were detected in the upgradient well 6MW5D. The 
inorganic ground water analysis results indicate that selenium exceeds the primary drinking water 
standards (ARAB@ at wells 6MW2S, 6MW3S, and 6MW4S. The cause of the selenium levels 
in the ground water is unclear, but appears to be site related. Radiological screening values 
were exceeded in two of the ground water sample locations for gross beta. The elevated 
readings could be the result of naturally occurring radioisotopes which do not meet the 
regulatory screening criteria, but further analysis is required for confirmation. 
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No VOCs, SVOs, pesticides, or PCBs were detected in the upgradient surface water 
sample. Comparison of the inorganic results for this sample with the downgradient water sample 
(Goss Cove) did not suggest any detectable impact on the Thames River from NSB-NLON based 
on this limited data set. 

Human Health Risk Assessment: Several identified exposure pathways were evaluated 
for Area A. They are listed as follows: 

l Citizens attending auctions and public sales at DRMO; 
l Navy workers sorting scrap metal; 
l Workers repairing/installing utilities; 
l Construction of a Hazardous Waste Storage Facility; and 
l Exposure to fugitive dust from DRMO. 

Negligible or de minimus risks were calculated for Citizens attending auctions and public 
sales, Utility workers repairing/installing utilities, and Exposure to fugitive dust from DEMO. 
The following exposure scenarios did exhibit risks which fall within the one in ten thousand and 
one in one million excess cancer risk range: 

l Navy workers sorting scrap metal (risk due to PCBs, PAHs, and beryllium in 
surface soils); and 

l Construction of a Hazardous Waste Storage Facility (risk due to elevated level 
of lead at northern portion of site). 

Although ground water quality exceeds drinking water standards, no drinking water wells 
are within the affected area, nor could they be due to the proximity of the brackish Thames 
River. 

Ecoloh-tl Riik Assessment: Ground water from this site discharges to the Thames 
River. Based on the available data, contaminant concentrations in ground water are predicted 
to be below water quality criteria after further dilution in ground water, attenuation due to 
adsorption to soils, and dilution in the Thames River estuary. Risks to fish due to contaminants 
in ground water discharge from these sites are expected to be low. 

8.2.2.2 Recommendations 

It is recommended that this site proceed to the Feasibility Study phase. In the interim, 
specific health and safety provisions are recommended for all future subgrade construction 
projects at the site. Prior to construction in specific site areas, further subsurface investigation 
may be required to characterize the quality, health and safety, and potential disposal 
requirements of the material. The geophysical survey indicated the presence of buried metal 
objects at three locations as defined in Section 4.0. Any future construction planned near these 
areas should include exploratory excavation to identify health and safety construction 
requirements. 
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Due to the potential risks to site workers resulting from contaminated surface soils, it is 
recommended that worker health and safety procedures be developed to mitigate this risk. The 
risks are primarily related to incidental oral and dermal exposure. It is suggested that coveralls 
and gloves be worn during these activities and that hands be cleaned following working. 

The :following additional data requirements are recommended to be developed during the 
Feasibility Study phase. 

1. Further environmental risk assessment of the potential impact of the site on 
the Thames River should be conducted, to verify that the impacts are 
negligible. This would include surface water samples at low tide (ground 
water discharge conditions), sediment sampling, and biota survey/sampling 
along the Thames River shoreline. 

2. Conduct another ground water sampling and analysis round for TCL 
organic and TAL inorganic parameters to confirm the analytical results. 
Perform specific radiological isotope ground water analyses to determine 
the source of the radiological constituents (natural or otherwise). 

8.2.3 Lower Subase 

8.2.3.1 Summarv 

The Lower Subase is located along the western edge of NSB-NLON, Background: 
adjacent to the Thames River. It is bounded by the Thames River to the west and by the Penn 4f 
Central Railroad to the east. The Lower Subase is the original subase and, therefore, its history 
dates back to 1867. Most of the construction took place in the early 1900s with major expansion 
between 1935 to 1945. Extensive portions of this area have been filled. The Lower Subase has 
always been used for operations and maintenance functions. Those functions typically generate 
industrial and hazardous wastes such as petroleum oils and cleaning solvents. Also located at 
the Lower Subase are two sets of concrete underground storage tanks located at the northern end 
of the study area. Four USTs are located just north of the powerhouse, and seven USTs are 
located just south of Building 107. In addition, there is an extensive underground fuel oil and 
diesel oil distribution system at the Lower Subase. 

Previous investigations (NESO, 1979 and Wehran, 1987) have identified subsurface oil 
contamination associated with both sets of underground storage tanks, a waste oil pit in Building 
79, in which historically, diesel train engines were serviced, and the underground fuel oil 
distribution #system. 

The Navy has implemented a substantial program to replace these underground tanks and 
the fuel oil distribution system. Of the ten concrete underground storage tanks, six now serve 
as spill contaminant for new steel tanks, three have been properly abandoned, and one is out-of- 
service. The Navy, while retrofitting or abandoning these tanks, did not detect any major 
structural defects or cracks. The underground #6 oil lines will be abandoned in the future based 
upon present Navy plans. All of the subsurface #2 oil lines, which are direct buried, were 
replaced or installed in 1980. 
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Nature and Extent of Contamination: To determine the extent and degree of 
contamination at the Lower Subase, investigations included the installation of 17 new wells and 
five soil borings. Soils from the five soil borings were only field screened for contamination. 
Soil samples were collected from all monitoring well installations. Ground water from all 17 
wells and seven existing wells were sampled. All soil and ground water samples were analyzed 
for TCL volatile organics, TAL inorganics, total petroleum hydrocarbons, and fluorescence 
“fingerprint” analysis. In addition, soils were also analyzed for TCLP metals. 

The following fmdings and conclusions are provided. 

l Ground water at the Lower Subase is relatively clean with only slight 
exceedances of ARAB values at six locations. VOC standards were exceeded 
at 13MW2 and 13MW13, and metal standards were exceeded at 13Mw8, 
13MW9, NBS010 and NESOll. These ARAFb are based on standards for 
drinking water. 

l No free product was detected in the subsurface, other than very thin layers in 
13MW5 and MH83. No oil releases were observed along the bulkhead at the 
Thames River. 

l A large area of subsurface soil near of Building 29 contains petroleum 
hydrocarbons which apparently originate from both sets of underground 
storage tanks. Although petroleum contamination is evident, no ARAR/TBC 
values for soils are exceeded. 

l Ground water near Building #29 had a pH ranging from 9-l 1. This high pH 
is indicative of an ongoing release, and is apparently due to the discharge of 
boiler blowdown to the subsurface. 

l A smaller area of subsurface soil adjacent to Building 79 contains petroleum 
oils and low levels of organic solvent. TBC values for organics are only 
slightly exceeded at one sample location 13MW13. The apparent source of 
this contamination is the former onsite oil pit in Building 79. 

l Low levels of petroleum products are ubiquitous in the Lower Subase soils and 
ground water. The apparent source of this contamination is the accumulation 
over the years of minor spills and leaks. 

l Elevated lead levels in soils were detected in several locations scattered across 
the site. Of these, two locations had TCLP lead levels high enough to classify 
the soils as a hazardous waste (13MXll and 13MW15). The lead 
contamination may have resulted from former lead-acid battery management 
operations that used to be performed at the Lower Subase. Lead was not 
detected in ground water above ARARs. 

l The subsurface free product detected in previous studies is no longer present. 
It is concluded that some of this oil has migrated to the Thames River, and the 
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remainder has been adsorbed to soils. 

l Low levels of thallium were detected in ground water at wells 13MW15 and 
13MW16. 

Human Health Risk Assessment: Several identified exposure pathways were evaluated 
for the Lower Subase. They are listed as follows: 

l IJtility workers exposed to soils and ground water in utility vaults; 

l IJtility workers exposed to soils and ground water during utility excavation 
work; 

l Future construction of buildings in Lower Subase; and 

Negligible or de minimus risks were calculated for these exposure scenarios. 

Although ground water quality exceeds drinking water standards in a few wells, no 
drinking water wells exist in the affected area, nor could they due to the proximity of the site 
to the brackish Thames River. 

Ecolo&al Risk Assessment: Ground water from the Lower Subase discharges to the 
Thames River. Based on available data, contaminant concentrations in ground water are 
projected to be below water quality criteria after further dilution in ground water, attenuation 
due to adsorption to soils, and dilution in the much greater flow (compared to ground water 
flow) in the Thames River estuary. Risks to aquatic life due to contaminants in ground water 
discharge from these sites are expected to be low. 

8.2.3.2 Recommendations 

It is recommended that this site proceed to the Feasibility Study phase. 

The following additional data requirements are recommended to be developed during the 
Feasibility Study. 

l Further subsurface soil sampling with testing for total and TCLP lead should 
be performed in areas of elevated lead levels in soils to define the extent of 
soil that is classified as a hazardous waste. 

l Conduct another ground water sampling and analysis round for TCL and TAL 
p(arameters detected to confii analytical results and TCL SVOs to confii 
the assumptions made in the risk assessment. The risk assessment estimated 
SVO concentrations based upon total petroleum hydrocarbon concentrations. 

l A health and environmental risk assessment of the potential impact of the site 
on the Thames River should be conducted, to verify the qualitative assessment 
that impacts are negligible. This would include surface water samples at low 
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tide (ground water discharge conditions), sediment sampling, and potentially 
biota survey/sampling along the Thames River shoreline. 

l A testing program should be developed for the buried #2 fuel oil lines 
(installed in 1980) to insure that they are not leaking and do not leak in the 
future. 

l The abandonment of the #6 oil lines should be done in a manner to prevent 
any future subsurface release of #6 oil. 

l The one tank (II) that is out-of-service should be properly abandoned. 

l The apparent release of boiler blowdown to the subsurface at Building #29 
should be investigated and corrected. 
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