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Thank-you for t1:le Draft Lower Subase Remedial Investigation Report, Naval Submarine 
Base - New London, Groton, ConnecticuC. Volumes I-V. Prepared by Brown & Root 
Environmental. April 1998. The document summarized the results of the RI for seven 
zones of the Lower Subase at the NSB-NLON site and the adjacent Thames River. The 
zones of investigation and the sites located within each zone are as follows: 

L Zone 1: Site 10 - Fuel Storage Tanks and Tank 54-H; Site 11 - Power Plant Oil 
Tanks; Building 89 UST; and the Fuel Pipeline Steam and Condensation Lines 

L Zone 2: Fuel Pipeline and Steam and Condensation Lines 

L Zone 3: Site 17 - Hazardous Materials/Solvent Storage Area (Building 31) and the 
Fuel Pipeline and Steam and Condensation Lines 

L Zone 4: Site 13 - Building 79 Waste -OllPit;' Site 19 -' Solvent Storage Area 
(Building 316); the Quay Wall Study Area; and the Fuel Pipeline and Steam and 
Condensation Lines ' 

L Zone 5: Site 22 - Pier 33, Building 175 (Battery Acid Aboveground Storage 
Tanks), and adjacent property 

L Zone 6: Site 24 - Central Paint Accumulation Area (Building 174) 

L Zone 7: Site 21 - Berth 16; Site 25 ::. 'Classified Materials Incinerator; 
Transformers at Building 157, Vault 31 

L Thames River: Pier 2 to Pier 33 
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The RI was based on data collected during several studies dating as far back as 1989. 
Because of the number of sites evaluated for the RI and the volume of data that were 
presented in the document, this review focused primarily on data collected in 1997. 
Additionally, only brief summaries are presented describing the fate and transport of 
contaminants detected at the seven zones studied for the RI. A more in-depth review of 
the RI and ecological risk assessment (ERA) results is presented for the Thames River 
investigation. 

Zone 1 

Fate and Transport 

High concentrations.of petroleum hydrocarbons, PAHs, and some trace elements 
(primarily lead) were detected in Zone 1 soils that exceeded those of background soils. 
Data from Zone 2 and the Thames River, both downgradient form Zone 1, indicated that 
trace elements (again, primarily lead) may have migrated to the Thames River. 

Recommendations for Remediation 

The document recommended that the feasibility study (FS) for this zone should evaluate 
passive or in-situ remedial alternatives, and that ‘hot spot” removal actions should be 
considered instead of full-scale excavation. Natural attenuation or bioremediation were 
suggested as feasible alternatives for the petroleum contamination in soils of Zone 1. It 
was also recommended that a limited action remedial alternative for groundwater should 
include a tiered groundwater monitoring program. The document listed a n~ber of 
reasons for considering limited remedial actions at the site. Some of the major reasons 
listed were as follows: 

Historical sources of petroleum contamination at the sites in Zone 1 have been 
eliminated and that the Navy has implemented leak detection systems for all 
USTs and conducts regular pressure testing and repairs on the fuel distribution 
lines. 

The ERA for the Thames River adjacent to Zone 1 and the human health RA 
(HERA) demonstrated that ecological.and human receptors in these adjacent areas 
are minor. It was also stated that the Thames River provides significant dilution 
and mixing, which minimizes the impact of any contaminant migration from Zone 
1. 



Zone 2 

Fate and Transport 

Analytical results indicated the presence of PAHs, total petroleum hydrocarbons (TPH), 
and lead inZone 2 soil samples, suggestive of fuel oil contamination. The infrequent 
detections and generally low concentrations of trace elements and PAHs in groundwater 
samples from Zone 2 seemed to indicate that significant contamination of groundwater 
beneath Zone 2 has not occurred. Data from Zones 1 and 3 indicated that Zone 2 may be 
receiving cross contamination from those zones. 

Recommendations 

It was recommended that no further action be taken for soils in Zone 2 and that limited 
action, including a tiered monitoring program, be taken for groundwater. 

Zone 3 

Fate and Transport 

High concentrations of lead and PAHs were detected in soils of Zone 3. Based on 
analytical data available for groundwater, it appears that PAHs have not migrated to 
groundwater, although lead was detected in groundwater at concentrations up to 
390 mgL 

The Thames River, downgradient of Zone 3, showed some potential evidence of cross- 
contamination with detections of trace elements and PAHs. 

Recommendations 

The RI recommended that no further action be taken for soils in Zone 3 and that limited 
action, consisting of a tiered monitoring program, be taken for groundwater. 

_/> 

Zone 4 

Fate and Transport 

Two areas- of lead contamination in soil were reported in Zone 4. These were in the 
northwestern corner and the north central portion of Zone 4. The source of lead 
contamination may be the former waste oil pit at Building 79 or Building 3 1 (the site of a 
lead contamination removal action that was conducted in Zone 3). Three small areas of 
lead contamination were also found in the groundwater beneath Zone 4. These areas were 
located along the quay wall northwest of Building 85, at the northeastern comer of 
Building 85, and along the western side of Building 79. 



High concentrations of TPH and PAHs were also found in soils of Zone 4. Analytical 
results from the groundwater sampling indicate that the petroleum hydrocarbons and lead 
in the soil may be migrating to the groundwater and to downgradient locations. The 
Thames River, downgradient of Zone 4, may be receiving lead and PAH contamination 
from Zone 4. .j i 2. ..:& 

Recommendations 

The RI recommended that Zone 4 proceed to a FS to evaluate appropriate remedial 
alternatives for the soil. Limited action, consisting of a tiered monitoring program, was 
recommended for the groundwater. As with Zone 1, it was recommended that the FS for 
soil should evaluate passive and/or in-situ remedial alternatives. “Hot spot” removal 
actions, in lieu of full-scale excavation, was also recommended for consideration. 

Zone 5 

Fate and Transport 

PAHs were the predominant contaminants report in soils of Zone 5. Lead was also 
detected in soils of Zone 5 and in sediments collected from storm sewers, with sediment 
concentrations as high as 85,600 mgkg. Groundwater analytical data indicated that soil 
contamination may have migrated to groundwater. Surface water and sediment sampling 
data from the Thames River, which is downgradient of Zone 5, indicated that 
contamination from Site 5 may have migrated to the river. 

Recommendations 

It was recommended that no further action be taken for soil and limited action, including a 
tiered monitoring program, be taken for groundwater. See comments below concerning 
NOAA’s opinion of this recommendation. 

Zone 6 

Fate and Transport 

Contaminant concentrations in soils of Zone 6 were generally low, with PAHs 
a+;;.., predominating. Analytical results from the groundwater sampling indicated that the “‘),‘,, >,,,, -* i. * .’ : ?i, .M 

petroleum hydrocarbons in the soil are generally not migrating to the groundwater, but 
that low concentrations of trace element contamination may be migrating to the 
groundwater. Trace elements in groundwater did not occur at concentrations that posed a 
threat to NOAA trust resources in the Thames River. 



Recommendations 

No further action was recommended for soils in Zone 6 and limited action, including a 
tiered monitoring program, be taken for groundwater. 

Zone 7 

A large area of lead contamination (maximum 13,300 mg/kg) in soils was identified over 
most of the eastern half of Zone 7. Concentrations of lead in soils within this area of 
contamination are greater than lead concentrations detected in soils in all other zones of 
the Lower Subase. Zinc was also detected at concentrations as high as 1400 mg/kg. Lead 
contamination was also noted in groundwater (maximum 97 mg/L) collected from this 
area, indicating that lead may be migrating from the soil to the groundwater. 

PAHs and TPH contamination were also noted in soils from Zone 7. 

The Thames River, which is down gradient from Zone 7, showed potential evidence of 
contamination with PAHs and trace elements that may have migrated from Zone 7. 

Recommendations 

The RI recommended that Zone 7 proceed to a FS for evaluation of appropriate remedial 
alternatives for soil, although is was stated that passive or in-situ alternatives be 
evaluated, as well as “hot spot” removal instead of full-scale excavation. As with the 
other Zones where a FS was recommended, a tiered groundwater monitoring program was 
proposed for Zone 7 as well. 

Thames River 

Surface water and sediment samples were collected from the Thames River at locations 
upstream and downstream of NSB-NLON and at locations adjacent to the seven zones of 
investigation. The upstream and downstream sediment reference samples were collected 
in 1993 and 1995, while those sediment samples adjacent to the facility were collected in 
1997. As part of the RI for the Thames River, and ecological risk assessment was also 
conducted to evaluate risks to aquatic biota in the Thames River. 

Surface water samples were collected %rom locations adjacent to the site in 1993. 
Cadmium was detected at a concentration of 10.1 mg/L, above its chroriic~AWQC for the 
protection of marine organisms of 9.3 mg/L, in one of 15 water samples. Mercury was 
consistently detected in all 15 surface water samples from the Thames River at 
concentrations ranging between 0.24 and 0.49 mg/L, all above the mercury chronic AWQC 
of 0.025 mg/L. 



Table 1 summarizes sediment chemistry data from sampling locations adjacent to the 
facility. The table organizes sediment data by zone. For comparison, upstream and 
downstream sediment chemistry data are summarized in Table 2. As can be seen from 
Tables 1 and 2, PAHs were detected in all sediment samples, although sediment PAH 
concentrations were generally higher at stations adjacent to NSB-NLON than those 
upstream or downstream of the facility. Zones 3 and 4 had the highest sediment 
concentrations of total PAHs, with the maximum concentration of total PAHs in Zone 4 
sediments exceeding the ERM concentration of 44.8 mg/kg. With the exception of the 
minimum total PAH concentration in sediments from Zone 5, total PAH concentrations 
were above the total PAH ERL concentration at all of the zones sampled. 

Elevated concentrations of trace elements were also detected in’sediments of the Thames 
River adjacent to the site. Generally, the concentrations of cadmium, copper, lead, and 
zinc were higher in sediments adjacent to the site than those in upstream and downstream 
locations (Tables 1 and 2). Sediment mercury concentrations were above the mercury 
ERL at most stations, including those upstream and downstream of the NSB-NLON. 
The highest concentrations of chromium, copper, lead, and zinc were detected in 
sediments of the Thames River adjacent to Zone 4 (Table l), with the concentrations of 
all these trace elements exceeding their respective ERM concentrations. Arsenic 
concentrations were generally above the ERL in sediments from all of the zones sampled, 
but arsenic concentrations in sediment samples collected upstream and downstream of the 
facility were also above the arsenic ERL (Table 2). 

Ecological risk assessments were conducted for sediments at each of the seven zones. 
Historical ecological data for each zone, including toxicity testing, benthic invertebrate 
analyses, and bioaccumulation studies were also assessed. A weight of evidence approach 
was used to assess potential risks that incorporated the results of guideline screening and 
historical ecological analyses in each zone. 

The weight of evidence indicated that potential risks to sediment-dwelling receptors were 
present from contaminants in Zones 1,2,3,5, and 6 near the Lower Subase but were 
relatively low. Potential risks were also present in Zones 4 and 7 and were ranked as low 
to moderate. According to the RI, potential risks in sediments at Zone 7 may have been 
ameliorated by recent dredging activities. Maximum and average acid-volatile sulfide 
(AVS) concentrations exceeded maximum and average semi-extractable metals (SEM) 
concentrations in all zones, indicating that cadmium copper, nickel, lead, and zinc may 
not be bioavailable in sediments. The PAHs were also determined to pose low to 
moderate risks. . 

According to the RI, overall, the weight of evidence suggested that potential risks are 
present in sediments of the Thames River, but the risks are considered to be low to 
moderate and are generally similar to those in sections of the Thames River that do not 
appear to be influenced by NSB-NLON. 

The RI recommended that limited action be taken for remediation of the Thames River 
adjacent to NSB-NLON. The limited action recommendation indicates that the river 



should be further evaluated only if the recommended tiered, zone-specific groundwater 
monitoring programs indicate potential migration problems. In addition, the RI made the 
case that routine dredging activities within the navigational channel of the river and along 
the piers of the Lower Subase remediate the historic impacts on the Thames River. 

Comments 

The RI was a comprehensive report that presented extensive data collected at NSB- 
NLON since 1989, and from the volume of data it is apparent that the types and extent of 
contamination on site and in the Thames River adjacent to the site have been thoroughly 
characterized. One unusual aspect of the report was the fact that it contained a fairly 
rigorous coverage of the ecology of the Thames River, including information on plankton, 
marine algae, benthic invertebrates, shellfish, finfish, birds, and endangered/threatened 
species. Despite the decision not to complete any toxicity tests the RI report was 
generally well done. 

Total petroleum hydrocarbons, PAHs, and trace elements, particularly lead and mercury, 
were the primary contaminants reported both in on-site soils and in sediments of the 
Thames River. Based on soil and groundwater data from the seven zones, there is 
evidence that on-site contamination, particularly from Zones 4 and 7, may have, and may 
still be, contributing to contamination in sediments of the Thames River. It seems likely 
that fuel storage, fuel transport, and refueling activities at the site are the major 
contributors of petroleum hydrocarbon and PAEI contamination in on-site soils and 
sediments. Additionally, lead storage batteries that were previously used (up to the 
1950s) to power submarines while submerged, and activities involved in the handling, 
transport, maintenance, and storage of these batteries may have been responsible for the 
extensive lead contamination reported in on-site soils and sediments. Mercury 
contamination seemed to be present throughout the system, upstream and downstream of 
the site, so it is not clear what the source(s) of this contamination may be. 

Groundwater data, for the most part, did not indicate that groundwater contamination 
was particularly high, and thus this may not be a major pathway for the transport of 
contamination from the site to the Thames River, although some trace element 
contamination is undoubtedly due to groundwater transport. 

One point that was made in the RI for each of the seven zones was the extent to which 
each of the zones is covered by buildings and pavement. Considering this, it may be that 
only a fraction of the precipitation falling on the site is percolating through contaminated 
soils at the site and leaching soil contaminants to the groundwater. Although addressed 
just briefly in the RI, surface transport of site-related contaminants via storm sewers may 
be an import transport mechanism. As an example, in Zone 5 sediments collected from 
storm sewers had lead concentrations as high as 85,600 mg/kg (see NOAA workplan 
review letter dated 12 August 1997). No information was presented in the RI on the 
number of storm sewer discharges entering the Thames River from NSB-NLON. 
Considering the high concentrations of-lead reported in storm sewer sediments from Zone 



5, it may be advisable to conduct a survey of storm sewers across the facility to 
determine the extent to which these sewers may be responsible for contamination in the 
Thames River. It is certainly possible that sediments in these storm sewers may be acting 
as continuing sources of contamination to the river. 

Extensive PAH and trace,element contamination was evident in sediments of the Thames 
River adjacent to the facility. Based on the aquatic ERA conducted for each of the zones 
and in the Thames River, the recommendation was made in the RI that the river should be 
further evaluated only if the recommended tiered, zone-specific groundwater monitoring 
programs indicate potential migration problems. According to the ERA, the RI indicated 
that only low to moderate risks to sediment-dwelling organisms, but these risk are 
generally similar to those in sections of the river that do not appear to be influenced by 
NSB-NLON. Because the Thames River in the vicinity of the NSB-NLON is a salt- 
wedge estuary under tidal influence, it is likely that the facility could be impacting 
sediments that are upstream of the site due to tidal movement of contaminants upstream 
of the site. 

Sediment toxicity testing was not conducted during the latest round of sampling, however, 
the RI did summarize the results of sediment toxicity tests conducted during the 1990 
SEAWOLF EIS and the Phase II RI. Sediment toxicity testing using the amphipod 
Ampelisca and toxicity/bioaccumulation studies using the estuarine clam Macoma and the 
polychaete worm Nereis were conducted as part of the SEAWOLF EIS. Sediment 
samples were collected from various locations along the river, including Piers 32 and 33 
(Zone 5). No statistically significant mortality was observed in sediments from any 
sampling locations for Ampelisca or Nereis. 

Survival for Macoma in sediments from Piers 32/33 was reported to be significantly lower 
than that in control and reference sediments, but the differences reported disappeared if 
an outlier (not identified) was removed from the statistical calculations. 

The RI also reported that sediment toxicity tests conducted with two species of 
amphipods, Ampelisca and Leptocheirus, during the Phase II RI ERA suggested a similar 
trend. No statistically significant mortality was observed,in any of the Leptocheirus 
toxicity tests using sediments from the Lower Subase and in other sections of the river. 
Two of nine Ampelisca sediment samples exhibited statistically significant mortality, yet 
later toxicity tests from these two locations indicated that there was no statistically 
significant difference from reference/controls. Sediment from these two locations was 
subsequently dredged and replaced with clean sediment. It was reported in the RI that 
the results of sediment toxicity tests near the Lower Subase appear to be similar to other 
sections of the Thames River, and any potential toxicity to benthos near the Lower 
Subase is localized, and that broader community and ecosystem effects from sediment 
contaminants near the Lower Subase may be unlikely. 

The results of AVS/SEM studies conducted with sediments from the Thames River near 
the Lower Subase may somewhat explain the sediment toxicity results. Generally, AVS 
concentrations exceeded SEM concentrations, indicating that the divalent trace elements, 



cadmium, copper, lead, nickel, and zinc are not bioavailable, or have reduced 
bioavailability. Although the concentrations of a number trace elements, particularly lead 
exceeded their ERL or ERM values, these elevated concentrations may not be a true 
indicator of the actual toxicity being exerted by these trace elements. 

One point that was repeatedly made throughout the RI was the fact that periodic dredging 7% 4 .GS 
of the navigational channel of the Thames River and along the piers where submarines and 
other naval vessels are berthed removes contaminated sediment, thus ameliorating 
potential impacts from contaminants in those sediments. However, it is doubtful that 
sediments under the piers are being removed, so that it is very possible, and quite likely, 
that sediments beneath piers could be impacting biota in the river and acting as a 
continuing source of contamination newly exposed, “clean” sediments. It may be 
advisable to conduct sediment sampling beneath piers (e.g., Pier 33 in Zone #5) to 
determine the extent of contamination and to determine if sediments beneath piers could 
pose continuing threats to biota of the river. 

Although the sediments do not appear to be posing great risks to riverine biota, it may be 
advisable to remove “hot spots” (e.g., adjacent to Zone 4) to insure that potential risks 
are removed. Additionally, it is recommended that source controls be implemented to 
prevent the further migration of contaminants from the site to the river. Although some 
removal actions have already been implemented on the NSB-NLON facility, additional 
“hot spot” removals of contaminated soils, particularly in Zones 4 and 7, may be 
advisable to further stem the transport of site contaminants to the Thames River. As 
recommended in the RI, a groundwater monitoring program should definitely be 
implemented to monitor the migration of contaminants from the site to the river. 
Furthermore, as recommended above, the potential input from storm sewers should be 
addressed, as this could be a critical transport route of contamination to the river. 

Please let me know if you have any questions. 

Sincerely, 

Kenneth Finkelstein, Ph.D. 

CC: Patti Tyler (EPA) 
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rable 1. Concentrations (mgkg) of the major contaminants in sediment samples of the Thames River collected in 1997 in areas adjacent to the 
qaval Subase-New London compared to their ERL concentrations (Long et al. 1995). 
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Table 2. Concentrations (mgkg) of contaminants in sediments upstream and downstream of NSB-NLON compared to the ERL values of 
Long et al. (1995). Upstream data were collected in 1993 while downstream data were collected in 1993 and 1995. 

Chemical 
Oraanic ComDounds (ma/k@ 
Total PAHs 

Trace Elements (ma/kg) 
Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Zinc 

Maximum 

3.7 

N: 
34 
29 
27 

0.5 
58 

Upstream 
Minimum 

6.7 

Iii 
80 
71 
91 

0.5 
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7 11 313 
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36 190 313 
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~ 
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