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EXECUTIVE SUMMARY 

This Additional Scrutiny Report for Operable Unit (OU) 4 at Portsmouth Naval Shipyard (PNS), Kittery, 

Maine was prepared by Tetra Tech NUS, Inc. (TtNUS) for the United States Department of the Navy, 

Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) program, Contract Number N62472-03-D-0057, Contract Task 

Order (CTO) 023.  This report was prepared in accordance with the Interim Offshore Monitoring Plan for 

OU4 (TtNUS, October 1999), the Rounds 1 through 7 Interim Offshore Monitoring Report for OU4 

(TtNUS, November 2004), and the Additional Scrutiny Quality Assurance Project Plan (QAPP) for OU4 

(TtNUS, August 2005).  The environmental activities at OU4 are being conducted under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). 

 

This report provides the results of the additional scrutiny activities that were conducted in accordance with 

the Additional Scrutiny QAPP.  The objective of additional scrutiny is to assess existing data and to collect 

and assess additional data at monitoring stations where concentrations of chemicals are greater than 

Interim Remediation Goals (IRGs) and are projected to continue to exceed IRGs for the next 5 years. 

 

Additional scrutiny was conducted as required by the Interim Offshore Monitoring Program to obtain 

additional information to support the evaluation of the nature and extent of chemicals detected in the 

offshore areas of PNS.  Based on an evaluation of the monitoring data collected between September 

1999 and August 2003 (Rounds 1 through 7), additional scrutiny was recommended for the following 

monitoring stations: MS-01, MS-03, MS-04, MS-05, MS-08, MS-09, MS-11, and MS-12 (TtNUS, 

November 2004).  However, this report primarily focuses on additional scrutiny for MS-01, MS-05, MS-09, 

MS-11, and MS-12, as provided in the Additional Scrutiny QAPP.  Two main chemical groups [e.g., 

metals and polycyclic aromatic hydrocarbons (PAHs)] were identified as target analytes for this additional 

scrutiny.  As part of additional scrutiny, several lines of evidence were used to answer questions posed to 

address the objectives of additional scrutiny at each monitoring station.  The following is a summary of 

the conclusions and recommendations based on this additional scrutiny. 

 

• MS-01:  This monitoring station is located in the Back Channel, offshore of Site 34 (OU9).  An area of 

PAH contamination in the vicinity of one sampling location may be related to past releases from Site 

34; past pesticide rinsing operations at Site 34 do not appear to be a source of pesticides in the 

offshore.  Additional investigation is recommended for the PAH contaminated sediment to determine 

whether a removal action is needed.  A removal action for sediment based on pesticides is not 

recommended. 
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• MS-05:  This monitoring station is located in the Jamaica Cove, offshore of OU3.  A small area (less 

than 0.03 acre) of copper and lead contamination appears to be related to a past release from OU3.  

A removal action for sediment is not recommended.  Several sampling locations at this monitoring 

station will be moved for future sampling. 

 

• MS-09:  This monitoring station is located in Clark Cove, offshore of OU3.  A small area (less than 

0.2 acre) of copper and nickel and a larger area along the OU3 shoreline of PAH contamination 

appears to be related to a past release from OU3.  A removal action for sediment is not 

recommended.  Several sampling locations at this monitoring station will be moved for future 

sampling. 

 

• MS-11: This monitoring station is located in the Piscataqua River, offshore of OU2.  Erosion was 

noted in areas of the OU2 shoreline where erosion controls were not in place, and a time-critical 

removal action was conducted in 2005 and 2006 to provide shoreline erosion controls in the 

remaining portion of the OU2 shoreline (along portions of the Site 29 shoreline).  The entire OU2 

shoreline now has some type of shoreline erosion controls.  Sediment is present at only one location 

at MS-11 (Loc. 3.).  The elevated concentrations of metals (copper, lead, and nickel) in MS-11 

sediment are likely from erosion from OU2.  The Navy addressed erosion through the removal 

actions.  No additional action for MS-11 is recommended. 

 

• MS-12:  This monitoring station is located in the Piscataqua River, offshore of Site 10 (OU1) and 

Building 178.  PAH contamination at one sampling location at this monitoring station is likely related 

to historical shipbuilding operations or materials used to construct Building 178; however, PAH 

contamination at other sampling locations may also be from general PNS and non-PNS uses of the 

Piscataqua River (e.g., barges/boats, storm water outfalls, river-side activities).  Lead contamination 

at one sampling location is likely related to past releases from the former Industrial Waste Outfalls 

(Site 5) and/or a tank leak at Site 10; these sites are not current sources of lead to the offshore area.  

Additional investigation is recommended to determine the extent of PAH and lead contaminated 

sediment at MS-12 to support a sediment removal action. 
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1.0  INTRODUCTION 

This Additional Scrutiny Report for Operable Unit (OU) 4 at Portsmouth Naval Shipyard (PNS), Kittery, 

Maine was prepared by Tetra Tech NUS, Inc. (TtNUS) for the United States Department of the Navy, 

Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) program, Contract Number N62472-03-D-0057, Contract Task 

Order (CTO) 023.  This report was prepared in accordance with the Interim Offshore Monitoring Plan for 

OU4 (TtNUS, October 1999), the Rounds 1 through 7 Interim Offshore Monitoring Report for OU4 

(TtNUS, November 2004), and the Additional Scrutiny Quality Assurance Project Plan (QAPP) for OU4 

(TtNUS, August 2005).  The environmental activities at OU4 are being conducted under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). 

 

1.1 OBJECTIVE AND SCOPE 

This report provides the results of the additional scrutiny activities that were conducted in accordance with 

the Additional Scrutiny QAPP.   

 

Except for soil sampling at OU2, the additional scrutiny sampling was conducted from August 20 to 24, 

2005, concurrently with sampling for Round 8 of the Interim Offshore Monitoring Program.  Soil sampling 

at OU2 was conducted on May 26, 2005 to support the additional scrutiny activities for Monitoring Station 

(MS) 11 and the Navy’s planned removal action for a portion of the OU2 shoreline.  Sampling and 

analytical activities are discussed further in Section 2.0. 

 

Additional scrutiny was conducted as required by the Interim Offshore Monitoring Program to obtain 

additional information to support the evaluation of the nature and extent of chemicals detected in the 

offshore areas of PNS.  Under the OU4 Interim Offshore Monitoring Program (TtNUS, October 1999), 

concentrations of select chemicals of environmental significance are plotted over time to determine 

whether temporal concentration trends are changing and how the concentrations compare with Interim 

Remediation Goals (IRGs).  Based on an evaluation of the monitoring data collected between September 

1999 and August 2003 (Rounds 1 through 7), additional scrutiny was recommended for the following 

monitoring stations: MS-01, MS-03, MS-04, MS-05, MS-08, MS-09, MS-11, and MS-12 (TtNUS, 

November 2004).  Two main chemical groups [i.e., metals and polycyclic aromatic hydrocarbons (PAHs)] 

were identified as target analytes for this additional scrutiny.  The objective of the additional scrutiny is to 

assess existing data and to collect and assess additional data at monitoring stations where 

concentrations of chemicals are greater than IRGs and are projected to continue to exceed IRGs for the 

next 5 years. 
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This report primarily focuses on additional scrutiny for MS-01, MS-05, MS-09, MS-11, and MS-12, as 

provided in the Additional Scrutiny QAPP.  Sampling to re-establish the trend line at MS-05, MS-08, and 

MS-09 was conducted as part of Round 8 of the Interim Offshore Monitoring Program.  Evaluation of the 

trend lines at these monitoring stations will be conducted after Round 10 samples are collected in 

September 2008.  Because no other sampling was conducted at MS-08, this station is not discussed 

further in this report.  As discussed in the QAPP, additional scrutiny needed at MS-03 and MS-04 for 

PAHs will be conducted as part of the planning for the Site 32 Phase 2 Remedial Investigation (RI).  The 

Navy conducted a time-critical removal action for the Site 32 shoreline in June 2006 and planning for the 

Phase 2 RI will be conducted in 2007.  Therefore, MS-03 and MS-04 are not discussed further in this 

report. 

 

In addition to MS-05, MS-08, and MS-09, Round 8 sampling was also conducted at MS-10, MS-13, and 

MS-14 to provide additional data before Round 10 sampling.  Evaluation of these monitoring stations will 

be conducted after Round 10 samples are collected.  Additional scrutiny was not recommended for 

MS-10, MS-13, and MS-14; these monitoring stations are not discussed further in this report. 

 

The data evaluations conducted as part of the additional scrutiny use data collected as part of the 

additional scrutiny investigation and onshore and offshore data from previous investigations at the 

Installation Restoration Program (IRP) sites at PNS, as necessary.  The specific data sets used for each 

monitoring station as part of the additional scrutiny data evaluation activities are discussed in the data 

evaluation for each monitoring station.  Field information for the additional scrutiny activities are included 

in the Additional Scrutiny Data Package (TtNUS, February 2006) and Interim Offshore Monitoring 

Program Round 8 Data Package (TtNUS, January 2006), which are included on a compact disk (CD) in 

Appendix A.   

 

1.2 REPORT ORGANIZATION 

This report consists of the following sections:  

 

• Section 1.0 is this introduction. 

 

• Section 2.0 summarizes the sampling and analytical activities conducted in August 2005 and the 

results of the data quality review (DQR). 

 

• Section 3.0 describes the preparation of the data. 

 

• Section 4.0 provides the description, background information, data evaluation, and results for the 

additional scrutiny activities for MS-01 (offshore of Site 34). 
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• Section 5.0 provides the description, background information, data evaluation, and results for the 

additional scrutiny activities for MS-05 and MS-09 (offshore of OU3). 

 

• Section 6.0 provides the description, background information, data evaluation, and results for the 

additional scrutiny activities for MS-11 (offshore of OU2). 

 

• Section 7.0 provides the description, background information, data evaluation, and results for the 

additional scrutiny activities for MS-12 (offshore of Site 10). 

 

• Section 8.0 provides the additional scrutiny conclusions. 

 

• Appendix A provides various supporting documents on a CD.   

 

• Appendix B includes a field modification memorandum, a PAH Forensics Analysis Report, 

Microscopic Analysis Report, and the DQR results. 

 

• Appendix C provides supporting documentation for each station, as necessary. 

 

• Appendix D includes the response to comments.  Minutes from a technical meeting in April 2007 are 

attached to the responses to comments. 

 

1.3 FACILITY BACKGROUND INFORMATION 

This section presents facility information and a summary of the Interim Offshore Monitoring Program.  

Specific information regarding monitoring stations included in the additional scrutiny investigation is 

provided in Sections 4.0 through 7.0.  Figure 1-1 shows the location of PNS.  The locations of the interim 

offshore monitoring and reference stations are shown on Figures 1-2 and 1-3, respectively.  An overview 

of the additional scrutiny sampling locations is shown on Figure 1-4. 

 

1.3.1 Facility Location and Description 

PNS is a military facility with restricted access located on an island in the Piscataqua River, as shown on 

Figure 1-1.  PNS is referred to on National Oceanic and Atmospheric Administration (NOAA) nautical 

charts as Seavey Island, with the eastern tip given the name Jamaica Island.  Attached by a rock 

causeway is Clark's Island.  The Piscataqua River is a tidal estuary that forms the southern boundary 

between Maine and New Hampshire.  PNS is located in Kittery, Maine, north of Portsmouth, New 

Hampshire, at the mouth of the Great Bay Estuary (commonly referred to as Portsmouth Harbor).   
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The Piscataqua River is part of the tidal Great Bay Estuary, and in the vicinity of PNS, the water is 

predominantly saline (salinities greater than 20 parts per thousand).  The mean tidal range in the vicinity 

of PNS is approximately 8 feet, and average tidal currents (ebb and flood) are generally strong (around 3 

to 4 knots).  The water from the river is not used for human consumption.  The river is used for 

commercial recreational boating.  There are also industries that discharge wastewater to the river, along 

with many storm sewers that empty to the river.  The Back Channel is approximately 20 feet deep (mean 

low water) and is generally used for recreational boating (TtNUS, October 1999).  Some commercial 

fishing (lobstering) also occurs in portions of the Back Channel. 

 

1.3.2  Facility History and Background 

PNS is engaged in the conversion, overhaul, and repair of submarines for the Navy.  The long history of 

shipbuilding in Portsmouth Harbor dates back to 1690, when the first warship launched in North America, 

the Falkland, was built.  PNS was established as a government facility in 1800, and it served as a repair 

and building facility for ships during the Civil War.  The first government-built submarine was designed 

and constructed at PNS during World War I.  A large number of submarines have been designed, 

constructed, and repaired at this facility since 1917.  PNS continues to service submarines as its primary 

military focus.   

 

1.3.3  Summary of Interim Offshore Monitoring Program 

In May 1999, an Interim Record of Decision (ROD) for OU4 (Navy, May 1999) was signed requiring the 

Navy to conduct monitoring in the offshore area of PNS in the interim period before completion of the 

offshore Feasibility Study (FS) and implementation of the final remedy for OU4.  Data collected as a part 

of the monitoring program provides information necessary to determine whether the Remedial Action 

Objectives (RAOs) for this interim period are being met.  These interim RAOs were developed so that 

protection of ecological offshore communities can be ensured by identification of exposure to chemicals 

of concern (COCs) at concentrations greater than acceptable levels.   

 

The Interim Offshore Monitoring Plan (TtNUS, October 1999) provides the methodology for the 

development of these acceptable exposure levels.  These levels provide a basis of comparison for the 

overall chemical trends of the COCs during the interim period and are referred to as IRGs.  The IRGs 

were developed for the chemicals potentially causing the most offshore impact, which are referred to as 

the limiting COCs.  The IRGs were developed using the sediment-based preliminary remediation goals 

(PRGs) developed for OU4 (TtNUS, November 2001) for the following chemicals: 
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Parameter IRG 
(dry weight) 

Copper 486 mg/kg 
Nickel 124 mg/kg 
Acenaphthylene 210 µg/kg 
Anthracene 1,236 µg/kg 
Fluorene 500 µg/kg 
High Molecular Weight (HMW) PAHs  13,057 µg/kg 

 

Although pesticides were not identified as COCs for OU4, PRGs were developed for endosulfan II 

(3.95 µg/kg), trans-nonachlor (3.99 µg/kg), and 4,4’-DDT (66.4 µg/kg).  The PRGs developed for 

pesticides are not used as IRGs, because pesticides were not identified as COCs for OU4; however, the 

PRGs are considered when evaluating pesticides data.  Lead was not identified as a limiting COC, so a 

PRG was not developed.  Lead is a primary COC for several onshore sites; therefore, the Effects Range-

Median (ER-M) value (Long et al., 1995) was used for screening sediment lead data.   

 

The sampling plan under the Interim Offshore Monitoring Program is presented in the Interim Offshore 

Monitoring Plan (TtNUS, October 1999), and modifications based on the Baseline Interim Offshore 

Monitoring Report (TtNUS, July 2002) were implemented after Round 5.  In summary, the sampling 

program consists of collecting samples at 14 monitoring stations (MS-01 through MS-14) adjacent to PNS 

and four reference stations (RS-01 through RS-04) in the Piscataqua River.  Figures 1-2 and 1-3 present 

the overall layout of the monitoring and reference stations, respectively.   

 

At each monitoring station, three sediment samples (with the exception of MS-11), one to three mussel 

samples, and one juvenile lobster sample (Rounds 1 through 5 only) were collected during each 

monitoring event.  At MS-11, sediment was not present in a large portion of the monitoring station; 

therefore, only one sediment sample was typically collected at this monitoring station.  Four sediment 

samples, two mussel samples, and one juvenile lobster sample (Rounds 1 through 5 only) were collected 

at each reference station (RS).  The lobster sampling was discontinued after Round 5 based on 

recommendations in the Baseline Report (TtNUS, July 2002).  For the interim offshore monitoring data, 

“Loc” designates the sediment sampling location for that station.  For example, MS-01, Loc. 3 is location 3 

at MS-01.   

 

Sediment and mussel samples were collected during Rounds 1 through 7.  Lobster samples were 

collected during Rounds 1 through 5, and sediment porewater samples were collected during Round 2.  

The first seven rounds of sampling were conducted between September 1999 and August 2003 as 

follows:  
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• Round 1 - September 7 through 11, 1999 

• Round 2 - May 2 through 7 and May 23, 2000 

• Round 3 - August 27 through 30, 2000 

• Round 4 - May 5 through 9, 2001 

• Round 5 - August 18 through 22, 2001  

• Round 6 - August 10 through 15, 2002 

• Round 7 - August 9 through 13, 2003 

 

The data from the first seven rounds were evaluated and documented in the Rounds 1 through 7 Interim 

Offshore Monitoring Program Report (TtNUS, November 2004).  The main objective of that report was to 

determine the appropriate frequency of monitoring for each monitoring station for the next 5 years and to 

determine whether additional scrutiny was needed at any monitoring station.  The evaluation also 

included recommendations for other modifications to the monitoring program such as not collecting 

mussels until the next five-year sampling event and discontinuing analysis of sediment and mussel 

samples for alkylated PAHs. 

  

The following table presents a summary of the recommendations for sampling frequency and for 

additional scrutiny at each monitoring station, as presented in the Rounds 1 through 7 Report (TtNUS, 

November 2004). 

 

Sampling Frequency 
Monitoring 

Station 
Round 8 

(Aug 2005) 
Round 9 

(Aug 2007) 
Round 10 
(Aug 2008) 

Recommended for 
Additional Scrutiny 

MS-01   X Yes 
MS-02   X No 
MS-03   X Yes(1)

MS-04   X Yes(1)

MS-05 X X X Yes 
MS-06   X No 
MS-07   X No 
MS-08 X X X Yes(2)

MS-09 X X X Yes 
MS-10 X X X No 
MS-11   X Yes 
MS-12   X Yes 
MS-13 X X X No 
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Sampling Frequency 
Monitoring 

Station 
Round 8 

(Aug 2005) 
Round 9 

(Aug 2007) 
Round 10 
(Aug 2008) 

Recommended for 
Additional Scrutiny 

MS-14 X X X No 
Reference 
Stations X X X Not applicable 

 
1 -  Additional scrutiny was conducted for copper and nickel at these stations as part of the 

Site 32 RI.  PAHs will be evaluated in the planning for the Phase 2 RI for Site 32 to determine 
any additional scrutiny required for these chemicals. 

 
2 - As presented in Section 1.1, the additional scrutiny for MS-08 (re-establishing the trend line) 

will be conducted as part of the Interim Offshore Monitoring Program; therefore, MS-08 is not 
included in this Additional Scrutiny Report. 

 

1.4 EVALUATION OF POTENTIAL ONSHORE SOURCES 

As part of the additional scrutiny, likely onshore IRP sources of contamination to the monitoring stations 

were identified and potential links between the sources and contaminated sediment or offshore media 

were investigated.  When supporting data were available, conclusions were made regarding whether the 

identified onshore sources were likely the main (primary) source of the offshore contamination or were 

likely one of the main contributing sources to the offshore contamination. 

 

Onshore sites that have been investigated for releases containing the same contaminants as those 

present in the offshore sediment were evaluated as potential sources.  Sediment data were compared to 

chemical-specific IRGs described in Section 1.3.3 to evaluate the significance of the contamination.  

When an IRG has not been developed for a chemical (in particular for lead), but an onshore source of 

contamination may exist, a literature value similar to an IRG (i.e., ER-M) is used.  In the case of lead, 

two times the value of its ER-M (218 mg/kg) is used, because the IRGs for copper and nickel were 

approximately twice the ER-M value. 
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2.0  SAMPLING INVESTIGATION 

This section briefly describes the additional scrutiny sampling program.  Appendix A contains a CD with 

the following documents, which provide more details regarding the sampling activities/procedures: 

 

• Additional Scrutiny Investigation Data Package (TtNUS, February 2006):  This data package 

includes the procedures for collecting the additional scrutiny samples, additional scrutiny data, and 

provides the sample documentation (i.e., copies of the field book and sample log sheets). 

 

• Interim Offshore Monitoring Program Round 8 Data Package (TtNUS, January 2006):  This data 

package includes the procedures for collecting the Round 8 sediment samples and Round 8 data, 

some of which is presented in this report.  The data package also provides the sample documentation 

(i.e., copies of the field book and sample log sheets). 

 

• Additional Scrutiny QAPP (TtNUS, August 2005):  The QAPP provides the planned sampling, 

analysis, and decision rules for the additional scrutiny activities. 

 

• Rounds 1 through 7 Interim Offshore Monitoring Program Report (TtNUS, November 2004):  
This report summarizes the results from the samples that were collected for the first seven rounds of 

the interim offshore monitoring program. 

 

2.1 ADDITIONAL SCRUTINY AND ROUND 8 SAMPLING AND ANALYSIS 

As part of the additional scrutiny activities, IRP site surface soil, catch basin sediment, and offshore 

sediment samples were collected for analysis.  For Round 8 of the Interim Offshore Monitoring Program, 

sediment samples were collected from six monitoring stations around PNS and four reference stations 

located in the Piscataqua River.  Sediment samples were collected from August 20 through 24, 2005 for 

additional scrutiny and from August 20 through 23, 2005 for Round 8.  The additional scrutiny soil 

samples for MS-11 were collected on May 25, 2005.   

 

Monitoring station locations are shown on Figure 1-2, and an overview of the additional scrutiny sampling 

locations is shown on Figure 1-4.  For the additional scrutiny samples, “AS” with the monitoring station 

number was used as the location identifier.  For example, additional scrutiny samples at MS-01 were 

identified as AS01.  Additional scrutiny reference samples were identified as AS00.   

 

With the exception of soil sampling for MS-01 and MS-11, catch basin sediment MS-12, and two 

sediment samples inside Building 178 adjacent to MS-12, the sampling was conducted by Eyak 
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Environmental Sciences, LLC under the direction and supervision of TtNUS, and the laboratory analysis 

was conducted by Severn Trent Laboratories (STL) and Alpha Woods Hole Labs.  The soil sampling for 

MS-11 was conducted by TtNUS, and the samples were analyzed by Katahdin Analytical Services.  The 

soil sampling for MS-01 and sediment sampling inside Building 178 and from the catch basin for MS-12 

was conducted by TtNUS, and the samples were analyzed by STL and Alpha Woods Hole Labs.   

 

The samples were analyzed by the methods provided in Appendix C of the Additional Scrutiny QAPP 

(TtNUS, August 2005).  Analytical procedures for organic chemicals during Round 8 were different than 

the first seven rounds as presented in the Additional Scrutiny QAPP (TtNUS, August 2005).  The 

analytical methods that were used for Round 8 are presented in Appendix C of the Additional Scrutiny 

QAPP (TtNUS, August 2005).  The field and laboratory results for additional scrutiny are provided in the 

Additional Scrutiny Investigation Data Package (TtNUS, February 2006).  Table 2-1 presents a summary 

of surface soil, sediment, and catch basin samples collected as part of the additional scrutiny 

investigation. The field and laboratory results for Round 8 are provided in the Interim Offshore Monitoring 

Program Round 8 Data Package (TtNUS, January 2006).  Table 2-2 presents a summary of sediment 

samples collected as part of the Round 8 sampling investigation. 

 

2.2 PNS-RELATED SAMPLES 

Offshore sediment, catch basin sediment, and surface soil samples were collected for MS-01, MS-05, 

MS-09, MS-11, and MS-12 as part of the additional scrutiny investigation, although samples from all three 

media were not collected at each station.  In addition, surface soil, offshore sediment, and catch basin 

sediment samples were collected as part of other historical investigations associated with onshore IRP 

sites adjacent to some of the monitoring stations.  Sections 4.0, 5.0, 6.0, and 7.0 of this report present the 

specific samples that were collected at each monitoring station and the investigations for which they were 

collected.   

 

2.3 REFERENCE SAMPLES 

As part of the additional scrutiny investigation, five reference sediment samples were collected outside of 

the influence of PNS (see Table 2-3).  These samples were collected for comparison to the PAH source 

signatures of the offshore sediment samples collected at MS-01 and MS-12.  Figure 2-1 shows the 

locations of the reference samples, which are discussed below. 

 

• Sediment samples at AS00-SD03 through AS00-SD05 were collected at RS-02 and RS-03.  All three 

reference samples were analyzed for Total Petroleum Hydrocarbons (TPH) and two were selected for 

full PAH forensics analysis, one from RS-02 (AS00-SDS03) and one from RS-03 (AS00-SD04).  
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• Sediment samples at AS00-SD01 and AS00-SD02 were collected offshore of outfalls associated with 

storm water runoff.  As discussed in the Additional Scrutiny Data Package (TtNUS, February 2006), 

AS00-SD01 was moved from the proposed location near downtown Portsmouth because the location 

was rocky and sediment could not be collected.  The field modification form is provided in 

Appendix B.1.  This sample was moved to the Prescot Park Marina in a sediment depositional area.  

Although there are no outfall pipes in the cove where the sediment sample was collected, there are 

outfall pipes on either side of the cove.  A figure showing the nearby storm water grates and outfall 

locations was prepared and is provided in Appendix B.1.  Both reference samples were analyzed for 

TPH and AS00-SD01 was also selected for full PAH forensics analysis in accordance with the 

objectives identified in the QAPP.  

 

2.4 FORENSICS ANALYSIS 

Surface soil, sediment, and catch basin sediment samples were collected for PAH forensics analysis to 

determine the source signature of PAHs in samples at MS-01 and MS-12 to assess the potential PAH 

sediment impacts from PNS activities.  The forensics analysis included a hydrocarbon characterization in 

which concentrations and compositions of hydrocarbon residues in sediment from candidate source areas 

at monitoring stations MS-01 and MS-12 were determined.  These data were then compared to sediment 

data from reference areas.  Advanced physical (organic petrology/microscopic analysis) and chemical 

(high resolution hydrocarbon fingerprints, alkylated PAHs, and biomarker fingerprints) analyses were 

conducted on the samples. 

 

The strategy outlined in the Navy’s User’s Guide for Determining the Sources of Contaminants in 

Sediments (Stout et al., September 2003) was used to conduct the PAH forensics analysis.  The PAH 

forensics report, which was prepared by NewFields Environmental Forensics Practice, LLC, under 

subcontract to Alpha Woods Hole Labs, is included as Appendix B.2.  The microscopic analysis report is 

provided as Appendix B.3.     

 

As discussed in the Additional Scrutiny QAPP (TtNUS, August 2005), samples collected for the PAH 

forensics analysis were first analyzed for TPH.  After the TPH results and corresponding chromatograms 

were reviewed, some of the samples were selected for full PAH forensics analysis, which included PAHs, 

biomarker parameters, and Total Organic Carbon (TOC).  The chromatograms for the sediment samples 

are included as an attachment to the PAH forensics report (on CD) in Appendix B.2.  Table 2-4 presents 

the samples that were selected for the full PAH forensics analysis and provides the rationale for their 

selection. 
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2.5  SUMMARY OF DATA QUALITY REVIEW 

A DQR was performed to determine gross inconsistencies and deficiencies in the quality of the data, 

including errors in chemical analyses and data reporting for the additional scrutiny and Round 8 data.  An 

in-depth analysis of the data is provided in the DQR is provided as Appendix B.4.  A review of the 

validation results, including qualification of sample results based on Quality Assurance/Quality Control 

(QA/QC) noncompliance and other general data quality compliance/noncompliance issues was performed 

and is summarized here.   

 

Although a DQR was conducted for all samples and chemicals analyzed as part of OU4, particular detail 

is given to those chemicals with IRGs (i.e., copper, nickel, acenaphthylene, anthracene, fluorene, and 

HMW PAHs), pesticides with PRGs (endosulfan II, trans-nonachlor, and 4,4’-DDT), and other chemicals, 

such as lead, that are related to some onshore IRP sites.  Data quality issues observed during the data 

review are summarized as follows: 

 

• Some chemicals had maximum non-detected values that exceeded the target Method Detection Limit 

(MDL).  The majority of chemicals with maximum non-detected MDLs greater than the target MDL 

included dioxins/furans and polychlorinated biphenyls (PCBs).  The evaluations in this report are not 

considered to be adversely impacted because dioxins/furans and PCBs were not included in the 

additional scrutiny evaluation. 

 

• Some pesticide data were rejected during validation, primarily due to a greater than 25 percent 

difference between columns/detectors for positive results determined via Gas Chromatography/High 

Pressure Liquid Chromatography (GC/HPLC).  This additional scrutiny report is not adversely 

impacted because of the parameters with rejected results; only 4,4’-DDT and trans-nonachlor have 

project-identified instrument reporting limits (IRLs) or practical quantitation limits (PQLs) and greater 

than a 10 percent rejection rate (i.e., less than 90 percent completeness).  Overall, the rejected data 

points were generally for chemicals of minor importance to the project.  A complete listing of the 

chemicals and samples with results that were rejected during validation is provided in the DQR 

(Appendix B.4).   

 

Data comparability, representativeness, and sensitivity were satisfactory.  It was determined during the 

data review process that the data were of generally acceptable quality with some exceptions as 

discussed in the above bullets.  However, no gross deficiencies or representative concerns were raised 

during the data review, and data were deemed suitable for use in making decisions for additional scrutiny. 
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3.0  DATA PREPARATION 

This section describes the procedures used in preparing the data for the various tables and figures 

presented in this report.    

 

3.1  AVERAGING 

At locations where duplicate samples were collected, the sample and duplicate chemical concentrations 

were averaged and counted as a single sample.  The resulting sample was used to calculate the station 

average.  If a sample and duplicate pair included a detected and a non-detected result, one-half of the 

MDL was substituted for the non-detected value to average the samples unless the detected value was 

less than the non-detected value.  In this case, the detected value was used to calculate of the station 

average. 

   

3.2  NORMALIZING 

Organic chemical concentrations in sediment samples were divided by the percentage of TOC in the 

sediment because organic chemicals tend to bind to organic carbon [United States Environmental 

Protection Agency (USEPA), September 1997].  Therefore, under similar situations, sediment samples 

with higher TOC concentrations would tend to have higher organic chemical concentrations versus 

samples with low TOC concentrations.  By normalizing the samples, variations in chemical concentrations 

caused solely by different TOC concentrations were reduced.  The calculation was conducted as follows: 

 

TOC percent

ionconcentrat sediment
ionconcentrat sediment Normalized =  

 

Averaging of the normalized data followed the procedures previously described.  For locations where 

duplicate samples were collected, sample and duplicate concentrations and percent TOC values were 

averaged first.  The average concentration was then divided by the average percent TOC, resulting in the 

average normalized chemical concentration for the specific location.  This value was then used to 

calculate the normalized station average.   

 

3.3  CALCULATION OF TOTAL VALUES 

Many individual chemicals potentially have additive toxicological effects, so total values are often used to 

evaluate those chemicals.  Various total values were calculated, presented on tables and figures, and 

evaluated in this report.  The following presents how the total values were calculated: 
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• Low Molecular Weight (LMW) PAH values were calculated by summing the following seven PAHs, 

substituting one-half of the MDL for non-detected values:  2-methylnaphthalene, acenaphthene, 

acenaphthylene, anthracene, fluorene, naphthalene, and phenanthrene. 

 

• HMW PAH values were calculated by summing the following six PAHs, substituting one-half of the 

MDL for non-detected values:  benzo(a)anthracene, benzo(a)pyrene, chrysene, 

dibenzo(a,h)anthracene, fluoranthene, and pyrene. 

 

• Total PAH values were calculated by summing the LMW and HMW values.  

 

3.4  DATA PLOTS 

Plots of sediment data were prepared for each of the chemicals with IRGs, as well as for lead at MS-12 

and 4,4’-DDT at MS-01.  The concentration plots were prepared using data collected from each 

monitoring station across each round, with the chemical concentration on the y-axis and the sample date 

on the x-axis.  Each station was represented by samples from more than one location; and therefore, the 

plots were prepared using the data from all of the samples from each station.  In addition, each location 

within a station was given a different symbol, and the legend indicated whether the sample was intertidal 

or subtidal and whether the sample was collected in eelgrass or saltmarsh.  Data plots were also 

prepared for individual locations as described in Section 4.0 (for MS-01) and Section 7.0 (for MS-12). 

 

Non-detected data were assigned a value of one-half of the detection limit, and duplicate samples were 

first averaged with the original sample, and the average value was included in the plots.   

 

The data plots for the non-normalized data also present the IRGs or ER-M (for lead) for comparison 

purposes.  The normalized data plots do not show the IRGs or ER-M because the IRGs and ER-M are 

not based on normalized data.  
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4.0  ADDITIONAL SCRUTINY FOR MS-01 

This section provides the additional scrutiny evaluation for MS-01, which is located offshore of Site 34 

(OU9).  Additional scrutiny was recommended for this station because concentrations of PAHs exceeded 

their respective IRGs and the trend lines indicated that concentrations are increasing.  Also, 

concentrations of 4,4’-DDT exceeded the PRG and are projected to exceed the PRG for the next 5 years.   

 

Data Quality Objectives (DQOs) developed to address evaluation of PAHs and pesticides at MS-01 were 

presented in the Additional Scrutiny QAPP (TtNUS, August 2005).  Based on the DQOs, the primary 

objectives of the additional scrutiny at MS-01 are to: 

 

• Determine whether Site 34 is a primary source of PAHs in the offshore sediment at MS-01.   

• Determine whether past pesticide rinsing operations associated with Site 34 are a primary source of 

4,4’-DDT in the offshore sediment at MS-01.   

 

Data collected as part of the additional scrutiny investigation in August 2005, along with data previously 

collected at Site 34 and MS-01, are evaluated in this section to address the objectives.   

 

4.1  DESCRIPTION OF MONITORING STATION 

MS-01 is located in the Back Channel of the Piscataqua River, offshore of Site 34 (Former Oil Gasification 

Plant, Building 62) (see Figure 4-1).  Three sediment locations are sampled at MS-01 as part of the 

Interim Offshore Monitoring Program:  MS-01, Locs. 1 and 3 are subtidal and MS-01, Loc. 2 is intertidal.  

The intertidal area is relatively narrow, with generally 20 to 40 feet between mean high and mean low tide 

elevations.  This monitoring station is located in an area where the width of the channel decreases, and 

the water velocity is very fast during the incoming and outgoing tides.  As a result, the average silt content 

in the sediment at this station is less than 9 percent, whereas the average sand content is greater than 

80 percent (TtNUS, November 2004).  The greatest percentage of silt is found in the intertidal location.  

Biota present along the shoreline includes mussels, snails, fucus, and ascophyllum.  Organisms, such as 

clam worms, red worms, snails, and crabs, were found in the sediment samples from this monitoring 

station.  No seeps have been observed at this station during offshore sampling events. 

 

4.2  POTENTIAL PNS SOURCES OF CONTAMINATION 

The primary COCs at MS-01 are PAHs.  Pesticides are also a concern; therefore, this section focuses on 

potential onshore sources of PAHs and pesticides to the sediment at MS-01 and discusses potential IRP 

sources and potential non-IRP sources separately.  
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4.2.1 IRP Sources 

Site 34 (OU9) is located adjacent to MS-01.  Building 62 (built in the late 1800s) and its more recent 

annex (built in the 1940s) are the most prominent features related to the use of Site 34.  The following is a 

brief summary of the site features and potential sources of contamination.  The Site Screening 

Investigation Report for Site 34 (TtNUS, August 2004) provides more details. 

 

Site 34 is located north of Smoot Street, near the northern shoreline of PNS.  Figure 4-1 shows the layout 

of the site (in the vicinity of Building 62 and annex) and nearby features.  The southern side of Buildings 

62 and 62-A are on Smoot Street, which is at a higher elevation than the paved roadway on the northern 

side.  The land on the northern side of Building 62 slopes gently towards the roadway and then slopes 

steeply to the water’s edge at the Back Channel of the Piscataqua River.  Access to the shoreline from 

the site is difficult because of the rapid change in terrain.  North of the paved roadway, there is a narrow, 

flat, vegetated strip (approximately 2 to 5 feet wide) before the ground surface forms a steep bank near 

the shoreline of the Back Channel of the Piscataqua River.  On the water-side slope of this bank, the 

ground surface is irregular with bedrock outcrops and scrub vegetation such that it is not easily accessible 

by foot. 

 

Potential environmental concerns associated with Site 34 operations for the offshore are related to the 

generation of ash and management of pesticides.   

 

Coal (fuel) combustion during the oil gasification process led to the generation of ash from the 1870s to 

early 1900s, and coal (fuel) combustion during blacksmith operations also led to the generation of ash 

from 1915 to 1930.  Ash from these operations (and potentially including ash from a building fire in 1919) 

appears to have been deposited primarily adjacent to the northern wall of Building 62; however, it has 

been found at other locations around Buildings 62 and 62-A and adjacent to Building 63, which was 

located east of Building 62, but has since been demolished and only a concrete slab remains.  The Navy 

conducted a Site Screening Investigation (SSI) in 2003 (TtNUS, August 2004) and an ash extent 

investigation in 2004 (TtNUS, September 2005).  The ash is intermixed with varying fractions of soil, and 

it is covered with vegetation (i.e., grass and small trees) adjacent to the northern walls of the buildings or 

covered with pavement under the parking area adjacent to the southern walls of the buildings.  North of 

the buildings, ash is also present under a narrow paved roadway overlying a former railroad bed oriented 

parallel to the shoreline.   

 

Potential migration mechanisms for PAHs from Site 34 to the offshore area include erosion of PAH-

contaminated soil and ash from the area near Building 62 (and adjacent buildings) into the offshore area 

by direct overland flow to the river (see Figure 4-1).  Surface soil along the shoreline also could erode into 
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the offshore area by direct overland flow, and the soil located along the slope of the bank could erode 

directly into the offshore area during periods of extremely high tide.   

 

Shipyard Public Works Department used the building for storage activities, including storage of 

pesticides, insecticides, and/or herbicides.  A steam line on the exterior of the building, located at the 

wash pad, was reportedly used for flushing equipment and washing coveralls used for the pesticide shop.  

Pesticide storage activities at Building 62 began in the 1960s and ended when a new pesticide control 

shop was built on the southern side of the Shipyard in 1985 (TtNUS, September 2005). 

 

Catch basins within the abandoned wash pad (49-1) and next to wash pad (49-2) on the southern side of 

Building 62 connect to Outfall 49.  This outfall, which discharges to the Piscataqua River, is apparently 

not connected to the other storm water drains in the paved area south of Buildings 62 and 63 (see 

Figure 4-1).  The drain collects runoff from the parking lot south of Building 62.  The outlet of Outfall 49 is 

in the intertidal zone offshore of Site 34 and is only exposed close to low tide.  This may have been a 

previous pathway of pesticide rinse waters to the offshore.  If 4,4’-DDT had been managed at the 

building, this would have been the primary migration pathway from the site to the offshore area.  

However, pesticides are no longer managed in this area, so this migration pathway is no longer complete.   

 

4.2.2 Non-IRP Sources 

There are several potential onshore non-IRP sources of PAHs and pesticides to the offshore sediment at 

MS-01.  Petroleum products (such as fuel oil, diesel, etc.) and the incomplete combustion products of fuel 

oils and diesel, asphalt, roofing shingles, coal, wood products and byproducts of plants, etc. from a 

variety of sources on the shipyard can be sources of PAHs.  Based on the results of the SSI, pesticides in 

soil in the vicinity of Site 34 are not considered to be from an IRP source.  4,4’-DDT concentrations in soil 

samples are indicative of the general historical spraying of pesticides at the Shipyard and not associated 

with the management of pesticides at Building 62 (TtNUS, August 2004).  The pesticides in soil are 

considered a non-IRP source to the offshore.  The only current migration pathways for onshore pesticides 

to reach the offshore area are similar to that described above for PAHs: direct overland flow, overland 

flow to the storm water system, and erosion directly into the offshore area during periods of extremely 

high tide. 

  

4.3 NON-PNS SOURCES OF CONTAMINATION 

There are several potential non-PNS sources of PAHs to offshore sediment at MS-01.  Petroleum 

products (such as fuel oil, diesel, etc.) and the incomplete combustion products of fuel oils and diesel, 

asphalt, roofing shingles, coal, wood products and byproducts of plants, etc. from a variety of sources 

outside of the shipyard can be sources of PAHs.  These PAHs could migrate to the nearby streams and 
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ultimately into the Piscataqua River via storm sewers.  Also, PAHs released from boat traffic in the Back 

Channel are a potential source of PAHs to the offshore area.  

 

4.4 SAMPLING INVESTIGATIONS 

Offshore sediment, catch basin sediment, and surface soil samples have been collected as part of 

several investigations at Site 34 and/or MS-01 as discussed below.  Table 4-1 lists the samples collected 

and analyses conducted for each sample included in the additional scrutiny evaluation, but only the 

samples beginning with "AS01" were collected as part of the Additional Scrutiny Investigation.  

Appendix C.1 presents the PAH, pesticide, TOC, and grain size analytical data for each of these samples.  

Some of the samples were analyzed for other parameters such as metals, PCBs, etc., but these data are 

not presented in Appendix C.1 because those parameters were not evaluated as part of the additional 

scrutiny at MS-01.  Figure 4-1 shows the locations of the samples that were evaluated as part of 

additional scrutiny at MS-01.   

 

Additional Scrutiny Investigation: Additional scrutiny sampling activities for MS-01 included collection 

of the following samples: 

 

• Offshore sediment samples at MS-01. 

• Sediment from storm water catch basins that ultimately discharge to the offshore area near MS-01. 

• Offshore sediment adjacent to a storm water outfall (on and off the Shipyard) (see Section 2.3 for 

samples off the Shipyard). 

• Sediment from reference station locations (see Section 2.3). 

• Ash/soil material at Site 34. 

 

Interim Offshore Monitoring Program:  Seven rounds of sediment samples have been collected at 

three locations at MS-01, beginning in August 1999.   

 

Site 34: Several soil investigations have been conducted at Site 34.  The results of these investigations 

are summarized in TtNUS (August 2004 and September 2005).  The samples collected at Site 34 and 

used as part of additional scrutiny included the following: 

 

• Two sediment samples (BC-6201 and BC-6202) and two surface soil/ash samples (BC-6203 and 

BC-6204) collected in 1998. 

 

• Surface soil samples on the northern side of Site 34, one catch basin sediment sample (34-18) and 

one offshore sediment sample adjacent to the outfall pipe (34-20) collected as part of the 2003 SSI.  
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A groundwater investigation was conducted, but no groundwater was found in the overburden.  

(Other surface soil and subsurface soil samples collected as part of the SSI were not used in the 

Additional Scrutiny evaluation.) 

 

• In 2004, an investigation was conducted to determine the extent of ash in the area based on visual 

observations; no samples were collected for chemical analysis as part of this investigation.   

 

4.5 EVALUATION OF PAHS 

One objective of the additional scrutiny investigation is to determine whether Site 34 is a primary source 

of PAHs at MS-01.  The following decisions rules were established for PAHs in the Additional Scrutiny 

QAPP (TtNUS, August 2005) for this evaluation: 

 

• If Site 34 is clearly a primary source of PAHs at MS-01, or if it may be a primary source, evaluate 

source control for offshore migration as part of the RI/removal actions for Site 34 (soil/ash) or OU4 

(sediment) and further refine ecological risks in the offshore area as part of OU4.   

 

• If Site 34 is clearly not a primary source, do not evaluate source control for offshore migration or 

further refine ecological risks in the offshore area and consider modifying the interim offshore 

monitoring program.  

 

This report attempts to answer several questions in a line-of-evidence approach to determine whether 

Site 34 is a primary source of the elevated levels of PAHs in sediment at MS-01.  Each of these questions 

is presented in the following sections.  The conclusions are summarized in Section 4.7. 

 

4.5.1 Spatial Distribution of PAHs in Sediment 

Question: Does the spatial distribution of PAH concentrations in the sediment samples indicate that 

Site 34 may be a primary source of PAHs to the offshore sediment?   

 

Figures 4-2 through 4-5 show the PAH concentrations in each of the samples included in this evaluation.  

The ranges of concentrations from Rounds 1 through 7 are presented on the figures for each of the three 

interim offshore monitoring station locations at MS-01.  Table 4-2 presents the PAH data for each round. 

 

As part of the additional scrutiny investigation, two offshore sediment samples (AS01-SD03 and 

AS01-SD05) were collected near two interim offshore monitoring sample locations and analyzed for 

PAHs.  The concentrations of PAHs in the two additional scrutiny samples were greater than their IRGs 

but were within the range of PAH concentrations from the adjacent interim offshore monitoring samples.  
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The concentrations of PAHs at AS01-SD03 and AS01-SD05 also were similar to the concentrations in the 

two additional scrutiny surface soil samples.  The concentrations of PAHs at AS01-SD01 (located west of 

MS-01) and AS01-SD07 (located east of MS-01) were much lower than the concentrations at AS01-SD03 

and AS01-SD05 and were lower than the range of PAH concentrations from Rounds 1 through 7 in the 

MS-01 interim offshore monitoring samples.  With the exception of HMW PAHs, the concentrations of 

PAHs in the catch basin sediment sample from AS01-CB01 were lower than the concentrations at 

AS01-SD03 and AS01-SD05 and the MS-01 interim offshore monitoring samples.  The concentrations of 

HMW PAHs in the catch basin sediment sample from AS01-CB01 were greater than the concentrations at 

AS01-SD03 and AS01-SD05 and most of the MS-01 interim offshore monitoring samples. 

 

Based on the spatial distribution data, it appears that Site 34 could be a current or historical source of 

PAHs at locations AS01-SD03, AS01-SD05, and the MS-01 interim offshore monitoring samples, but 

Site 34 does not appear to be a potential source of PAHs at AS01-SD01 or AS01-SD07.  Other lines of 

evidence such as the PAH forensics analysis are discussed in the subsequent sections to further 

examine the linkage between the PAHs at Site 34 and the PAHs in the offshore sediment samples.     

 

4.5.2 Potential Migration Pathways 

Question: Is there a current or historical migration pathway for PAHs from an onshore site to the offshore 

area? 

 

Surface soil samples were collected from two areas of exposed soil/ash during the additional scrutiny 

sampling event (AS01-SS01 and AS01-SS02).  In addition, surface soil samples were collected as part of 

other investigations at Site 34, and these sample locations are color coded on Figures 4-2 through 4-5 

according to their concentration.  The surface soil sample locations are colored blue if the concentration is 

less than the sediment IRG for that PAH, yellow if the concentration is between 1 and 10 times the IRG, 

and red if the concentration is greater than 10 times the IRG.  As presented on Figures 4-2 through 4-5, 

elevated levels of PAHs are present in several of the soil/ash samples.   

 

Although some of the exposed soil/ash has likely eroded into the offshore area, it is not likely that the 

exposed ash/soil is a current significant source of PAHs to the offshore area as discussed below.  The 

onshore areas of exposed soil/ash are relatively small compared to the size of the offshore area where 

elevated levels of PAHs were found.  Some dilution and mixing with cleaner sediment will occur after the 

soil/ash erodes to the offshore area.  Therefore, if Site 34 soil was a significant current source of PAHs to 

the offshore area, the concentrations of PAHs in the soil would have to be much greater than the 

concentrations in the sediment to account for mixing with cleaner sediment.  However, this is not the 

case.  The concentrations of PAHs in the soil samples are similar to or less than the PAH concentrations 

in the offshore sediment samples, so it is not likely that all the PAHs in the sediment are from a current 
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source.  The trend plot discussion in Section 4.5.3 further evaluates the potential for a continuing source 

of PAHs from Site 34 to the offshore sediment. 

 

Activities related to Site 34 were likely a historical source of PAHs to the offshore sediment.  The ash 

generated during burning of coal for operations at Site 34 may have migrated to the offshore area when it 

was first deposited and not yet covered with soil/vegetation and/or erosion controls may not have been 

used.  The river water flows very quickly in the portion of the Back Channel by MS-01, leading to a rocky 

substrate and little deposition, so the amount of material from Site 34 still remaining offshore at MS-01 is 

not known.     

 

In summary, this evaluation indicates that the following: 

 

• Activities related to Site 34 were likely a historical source of PAHs to the offshore sediment.   

• It is not likely that the exposed ash/soil is a current source of PAHs to the offshore sediment. 

 

4.5.3 PAH Concentration Trends  

Question: Are concentrations of PAHs increasing in sediment that would indicate a current and ongoing 

source?   

 

Concentration plots for Rounds 1 through 7 data for MS-01 for acenaphthylene, anthracene, fluorene, and 

HMW PAHs using non-normalized data from all three station locations at MS-01 over the seven rounds 

are provided in Appendix C.1.  These plots show an apparent increasing concentration trend for PAHs 

when all of the data were used.  Several additional evaluations were conducted to determine whether 

PAH concentrations in sediment at MS-01 are actually increasing. 

 

The PAH data were first normalized to TOC as described in Section 3.0, and plots were generated using 

the normalized data (see Appendix C.1).  The rationale for normalizing the data is also described in 

Section 3.0.  As can be seen from the plots, although the range of concentrations for each round 

generally decreased, an overall increasing trend is still apparent.  Therefore, the increasing trend is not 

related to the TOC concentrations in the sediment.  

 

Concentration plots were generated for each of the three individual locations at MS-01 to determine 

whether one of the locations was responsible for the overall increasing trend (see Appendix C.1).  The 

following presents the evaluation for each of the PAHs plotted: 
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• The PAH concentrations at MS-01, Locs. 2 and 3 generally appear to be more scattered than 

increasing.  In fact, the concentrations of PAHs in Round 7 at MS-01, Locs. 2 and 3 were less than 

most of the concentrations from the previous rounds.   

 

• With the exception of Round 7, PAH concentrations at MS-01, Loc. 1 were relatively constant.  

However, the concentrations of PAHs were extremely elevated during Round 7.   

 

The reason for the elevated detection at MS-01, Loc. 1 during Round 7 is not known, but Site 34 is not 

likely a current source of the PAHs at this location.  MS-01, Loc. 1 is a subtidal location and is the furthest 

interim offshore monitoring location from the soil/ash areas at Site 34 (see Figure 4-1).  Therefore, it is 

unlikely that contamination from Site 34 would impact only this location without impacting MS-01, Locs. 2 

and 3.  Table 4-3 presents the duplicate data for MS-01, Loc. 3, which is the only location at MS-01 where 

duplicate samples were collected as part of the Interim Offshore Monitoring Program.  The differences in 

the original and duplicate sample results were very large for some rounds, especially Rounds 5 and 6.  

The likely reason for the large difference in concentrations between the duplicate pairs is the 

heterogeneity of the sediment.  Although no duplicate samples were collected at MS-01, Loc. 1, the same 

type of variability is expected because the sediment matrices are similar at MS-01, Loc. 1.  Also, as 

indicated in the station description (TtNUS, November 2004), it was difficult to collect the sediment grabs 

at MS-01, Loc. 1 during Round 7 because rocks and shells prevented the grab sampler from closing.  

Therefore, the boat had to be relocated several times to collect three acceptable grabs for the sample 

from that location, which may have also contributed to the variability in the data.    

 

In summary, it does not appear that there is an actual increasing concentration trend for PAHs in 

sediment at MS-01.  The apparent increasing trend is biased by elevated PAH concentrations in Round 7, 

but the variability in the data across rounds appears to be attributable to the heterogeneity of the 

sediment and/or the sampling at a slightly different location each round because of the rocky substrate.  

Therefore, the PAHs do not appear to be related to a current and ongoing release from Site 34 based on 

this line-of-evidence.   

 

4.5.4 Microscopic Analysis 

Question: Does the microscopic analysis of sediment indicate that the presence of ash and/or coal from 

Site 34 could be the source of the PAHs? 

 

Two sediment samples were selected for microscopic analysis to determine whether the samples that 

have elevated levels of PAHs also have visible signs of ash.  The samples selected were AS01-SD-SD03 

and AS01-SD-SD05, because these samples were selected for the full forensics analysis.  Surface soil 

sample AS01-CP-SS01 also was selected for microscopic analysis, because it had greater 
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concentrations of PAHs, and based on the chromatogram, it appeared to have a more varied composition 

than AS01-CP-SS02.  This sample was used as a “reference” sample for the comparison of the physical 

characteristics (e.g., grain size, presence of ash, coal, etc.) to the sediment samples. 

 

The results of the microscopic analysis are discussed in Section 4.2 of the PAH forensics report in 

Appendix B.2.  The microscopic analysis report is presented in Appendix B.3.  In summary, coal, coke, 

and glass slag comprised a significant portion (26 percent, 13 percent, and 16 percent, respectively) of 

the surface soil sample, but the two sediment samples contained no coal or coke and only trace 

(<1 percent) levels of glass slag.  Therefore, particle migration from the ash to sediment at AS01-SD03 

and AS01-SD05 was not apparent.     

 

4.5.5 Forensics Analysis of PAHs 

Question: Does the forensics analysis indicate that the source signature of PAHs in Site 34 soil/ash and 

signatures of PAHs in sediment at MS-01 are similar to each other but are different from the signature(s) 

in other samples? 

 

Section 2.4 describes the general aspects of the PAH forensics analysis that was conducted as part of 

the additional scrutiny, and Appendix B.2 presents the full PAH forensics report.  This section 

summarizes the PAH forensics analysis that was conducted as part of the additional scrutiny at MS-01 to 

determine whether the source signature of PAHs in Site 34 soil/ash and signatures of PAHs in sediment 

at MS-01 are similar to each other but are different from the signature(s) in other samples.  Table 2-4 

presents a brief rationale for which samples were selected for the full PAH forensics analysis.  The 

following describes the samples that were collected for the PAH forensics evaluation. 

 

Two surface soil samples were collected from Site 34 where visible signs of ash/soil erosion were 

present.  One sample was collected in the vegetated area just north of Building 62, and the other sample 

was collected in the vegetated area north of the paved area north of Building 62 (see Figure 4-1).  As 

described in the Additional Scrutiny QAPP (TtNUS, August 2005), the sample with the greater TPH 

concentration was to be selected for PAH forensics analysis unless the patterns in the chromatograms of 

the two samples were sufficiently different to indicate that the PAHs in the soil samples may be from 

different sources.  In that case, both samples were to be selected for PAH forensics analysis.  Based on a 

review of the chromatograms, it was determined that the patterns in the chromatograms were different, so 

both soil samples were selected for the full PAH forensics analysis.   

 

Seven sediment samples were collected from the offshore area at PNS for the evaluation of PAHs.  The 

locations where the samples were collected and the rationale for collecting the samples are as follows: 
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• Sediment samples at AS01-SD01 and AS01-SD07 were collected to determine the levels and source 

signatures of PAHs at locations that were not likely to be impacted by soil erosion at Site 34 because 

of their distance from the site.  Both samples were selected for full PAH forensics analysis. 

 

• Sediment samples at AS01-SD02 through AS01-SD06 were collected to determine the spatial 

distribution of PAHs, in conjunction with the historical data, and to determine the source signatures of 

the PAHs.  All five samples were analyzed for TPH, and based on those results, samples from 

AS01-SD03 and AS01-SD05 were selected for full PAH forensic analysis. 

 

A catch basin sediment sample was collected at AS01-CB01, which collects storm water runoff from a 

large paved roadway not associated with Site 34 (see Figure 4-1).  This sample was collected to 

determine whether the source signature of typical runoff from the shipyard was similar to the source 

signature in the site samples.  The sediment sample from AS01-CB01 was analyzed for full PAH 

forensics.   

 

In addition to the sediment, soil, and catch basin samples, six fuel source samples were also analyzed for 

PAH forensics parameters for comparison to the samples collected at the stations.  These fuel source 

samples were designated as: Asphalt Residue-1, Asphalt Residue-2, Coal Tar, Fuel #2, Fuel #4, and 

Fuel #6. 

 

The PAH forensics analysis report in Appendix B.2 concluded that the particulate and hydrocarbon types 

found in soil samples collected at Site 34 are likely the result of historical blacksmith operations (i.e., ash) 

or the building fire (i.e., fire-related ash or debris) as opposed to the historical manufactured gas 

operations.   

 

Although offshore migration of ash debris was not evident based on the very low levels of coal, slag, and 

coke in the additional scrutiny sediment samples (see Section 4.5.4), the sediment sample at AS01-SD03 

likely received some influence from the soil/ash at AS01-SS02 based on the PAH compositional profile 

(see PAH forensics analysis report in Appendix B.2).  The sample from AS01-SD05, however, possessed 

many features observed in local runoff (i.e., residual range petroleum, plant waxes, middle diesel range 

petroleum, and pyrogenic PAH residues), and diagnostic indicators suggest that the pyrogenic PAHs at 

AS01-SD05 were not derived from the ash.  The same is true for the sediment at AS01-SD04 and -SD06 

because these high resolution hydrocarbon fingerprints were similar to the fingerprint at AS01-SD05.    

 

4.6 EVALUATION OF PESTICIDES 

The second objective of the additional scrutiny investigation for MS-01 was to determine whether past 

pesticide rinsing operations associated with Site 34 are a primary source of 4,4’-DDT in the sediment at 
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MS-01.  The following decisions rules were established in the Additional Scrutiny QAPP regarding this 

objective: 

 

• If past pesticide rinsing operations associated with Site 34 were clearly a primary source of 4,4’-DDT 

in the sediment at MS-01, consider a removal action for OU4 and/or consider further refining 

ecological risks in the offshore area as part of OU4.   

 

• If it cannot be determined whether past pesticide rinsing operations associated with Site 34 were 

clearly a primary source of 4,4’-DDT in the sediment at MS-01, hold discussions with the regulators 

and consider modifying the interim offshore monitoring program to reflect the importance of Site 34 as 

a potential offshore contaminant source of 4,4’-DDT to MS-01.   

 

• If past pesticide rinsing operations associated with Site 34 were clearly not a primary source, do not 

consider a removal action for OU4 or further refine ecological risks in the offshore area as part of 

OU4 and consider modifying the interim offshore monitoring program to reflect the lack of a 

significance of Site 34 as a potential offshore contaminant source of 4,4’-DDT to MS-01.   

 

This report attempts to answer several questions in a line-of-evidence approach to determine whether 

past pesticide rinsing operations associated with Site 34 were clearly a primary source of 4,4’-DDT in the 

sediment at MS-01.  Each of these questions is presented in the following sections. 

 

4.6.1 Evaluation of Previously Elevated 4,4’-DDT Levels 

Question: Do the data from sediment samples collected at MS-01 during previous sampling rounds show 

that the elevated 4,4’-DDT levels may be anomalies? 

 

The concentration plots for 4,4’-DDT are presented in Appendix C.1.  As can be seen from the plots, 

MS 01, Loc. 2 (intertidal) generally had the greatest 4,4’-DDT concentrations (approximately 100 to 

200 µg/kg) and MS-01, Locs. 1 and 3 (both subtidal) had lower 4,4’-DDT concentrations (less than 

60 µg/kg) with two exceptions.  During Rounds 1 and 6, Loc. 3 had 4,4’-DDT concentrations of 

1,100 µg/kg (Round 1) and 23 µg/kg (with a duplicate sample result of 1,600 µg/kg) (Round 6) (see 

Table 4-3).  The average of the sample and its duplicate is shown on the plot for Round 6.  A duplicate 

sample was not collected during Round 1; however, as discussed in Section 4.5 for PAHs, there were 

large differences in the original and duplicate sample results for some rounds.  The heterogeneity of the 

sediment (as discussed for PAHs) is the likely reason for the variability in the 4,4’-DDT data.   

 

It is likely that the elevated levels of 4,4’-DDT in the sediment samples from Round 1 and 6 at Loc. 3 are 

anomalies and not indicative of widespread contamination for the following reasons: 
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• 4,4’-DDT concentrations at Loc. 3 were less than 60 µg/kg for six of the seven rounds (counting the 

original sample from Round 6).  The exact same location was not sampled each round because of the 

movement of the boat and the difficulty collecting sediment because of the rocky substrate.  

Therefore, because the majority of the sediment samples from MS-01, Loc. 3 had low 4,4’-DDT 

concentrations, the two elevated detections are not likely representative of 4,4’-DDT concentrations in 

the sediment at MS-01, Loc. 3.  

 

• Because of the large difference in the duplicate results during Round 6, and because both sets of 

duplicate samples for the other rounds had low concentrations of 4,4’-DDT, the area where elevated 

levels of 4,4’-DDT are present is likely to be small.       

 

4.6.2 Spatial Distribution 

Question: Does the spatial distribution of the data suggest a specific source of pesticides in sediment in 

the offshore area? 

 

Seven additional scrutiny sediment samples were collected from the offshore area at PNS for the 

evaluation of pesticides.  The locations where samples were collected and the rationale for collecting the 

samples are as follows: 

 

• Sediment samples at AS01-SD01 and AS01-SD07 were collected to determine the levels of 

pesticides at locations that are not expected to have been impacted by historical rinsing operations at 

Site 34 because of their distance from the site.   

 

• Sediment samples at AS01-SD02 through AS01-SD06 were collected to determine the spatial 

distribution of pesticides in conjunction with the historical data. 

 

Figure 4-6 presents the 4,4’-DDT concentrations in each of the additional scrutiny and historic samples.  

Table 4-3 presents the 4,4’-DDT data for each round of sediment sample for the ranges of concentrations 

summarized on Figure 4-6.     

 

Several surface soil samples were collected during previous investigations at Site 34 (see Figure 4-6).  

The sample locations are color coded according to their 4,4’-DDT concentrations.  The sample locations 

are colored blue if the concentration is less than the sediment PRG for 4,4’-DDT, yellow if the 

concentration is between one and two times the PRG, orange if the concentration is between two and 

eight times the PRG and red for the maximum concentration of 2,600 µg/kg.  As discussed in 
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Section 4.2.2, based on the results of the SSI, pesticides in soil in the vicinity of Site 34 are not 

considered to be from an IRP source.   

 

The 4,4’-DDT concentrations in the additional scrutiny samples were less than the PRG of 66.4 µg/kg 

except for location AS01-SD03, which had a concentration of 120 µg/kg (85 µg/kg in its duplicate).  The 

samples at monitoring station MS-01, Loc. 1 generally had the greatest concentrations of 4,4’-DDT, with 

the exception of the two anomalous samples results previously discussed at MS-01, Loc. 3.  MS-01, 

Loc. 2 is the closest interim offshore monitoring station to the outfall pipe where water from the wash pad 

discharged.  It is also close to the shoreline where pesticides, including 4,4’-DDT, were historically 

applied as part of normal activities at the facility.  The 4,4’-DDT concentration in the offshore sediment 

sample collected closest to the outfall from the abandoned wash pad area was 12 µg/kg (34-20), which is 

much less than the 4,4’-DDT concentration of 600 µg/kg in the catch basin.   

 

Although the 4,4’-DDT concentrations appear to be slightly greater in the offshore sediment samples 

closer to Site 34, based solely on the spatial distribution of 4,4’-DDT in the sediment, a specific source of 

pesticides in sediment in the offshore area cannot be determined.  The catch basins in the wash pad and 

adjacent to the wash pad have been cleaned out since pesticide operations were moved from Building 62 

(as discussed in Section 4.6.3), so it is not likely that runoff from the wash pad is a significant current 

source of 4,4'-DDT to the offshore sediment.  It is not known whether past pesticide operations at Site 34 

were a historic source of 4,4’-DDT to the offshore sediment, or if other sources (e.g., typical spraying 

activities) at PNS or outside of PNS may have also contributed to the contamination in the past.  

 

4.6.3 Evaluation of Catch Basin Data 

Question: Are similar levels of pesticides present in sediment from catch basins that did not receive 

runoff from Site 34 compared to the levels of pesticides in the catch basin by the wash pad at Site 34?  

 

Sediment was collected from two catch basins (AS01-CB01 and AS01-CB02) for analysis of pesticides.  

Neither catch basin collects storm water runoff from Site 34.  AS01-CB01 collects storm water runoff from 

a large paved roadway not associated with Site 34, whereas AS01-CB02 collects runoff from a grass field 

where pesticides may have been sprayed in the past as part of application for pest control (although no 

soil data are available to confirm this).  The location of the sediment sample collected from the catch 

basin in the wash pad at Site 34 is designated as 34-18.  Storm water from the wash pad discharges 

through outfall OF-49.  The sediment sample at 34-18 was collected in 2003 along with an offshore 

sediment sample (34-20), which was located adjacent to outfall OF-49.   

 

The 4,4’-DDT concentration in the sediment catch basin at the wash pad (34-18) was 600 µg/kg, which is 

greater than the 4,4’-DDT concentrations (7.1 µg/kg and 15 µg/kg) in the two sediment catch basin 
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samples collected as part of the additional scrutiny investigation (AS01-CB01 and AS01-CB02).  The 

catch basin where 34-18 is located is designated as 49-1.  Catch basin 49-2 is located outside of, but 

adjacent to, the wash pad.  Runoff from 49-1 discharges through 49-2 prior to its discharge through outfall 

OF-49.  Both of these catch basins were reportedly cleaned out by the Shipyard in 2000.  The sample at 

34-18 was collected in 2003 indicating that the sediment in the catch basin is recent sediment and not 

related to the pesticide rinsing activities associated with Site 34 (conducted before 1985).  Even though 

there is little exposed soil on the southern side of the building where the catch basin is located, vehicles 

likely track soil to the area that could be washed into the catch basins during storm events.  Vehicles 

and/or equipment also may be cleaned in or near the wash pad, so soil from the vehicles or equipment 

could deposit into the wash pad.  The sediment in the wash pad catch basin contained much debris (e.g., 

cigarette butts, plastic, hair, insects, twigs, etc.), which is further support for surface water runoff or 

vehicle/equipment rinsing carrying materials into the wash pad.   

 

In summary, 4,4’-DDT concentrations in the catch basin sediment samples collected from AS01-CB01 

and AS01-CB02 were much lower than the concentration in the sample collected from the wash pad.  The 

reason for this is not known.  Historical pesticide rinsing activities are not likely to be the source of 

4,4’-DDT in the wash pad catch basin sediment because the catch basin was cleaned out in 2000 and 

4,4’-DDT has not been used at the PNS since the early 1970s.  Therefore, as discussed above, the likely 

source of the 4,4’-DDT in the wash pad catch basin is soil that washed into the catch basin.    

 

4.7 CONCLUSIONS 

Various lines of evidence were used to evaluate the objectives for PAHs and pesticides.  Based on these 

lines of evidence, the following conclusions were made: 

 

• A limited area of contamination near AS01-SD03 may be related to past sources of PAHs from 

Site 34. 

 

• Based on the available data, it cannot be determined whether past pesticide rinsing operations 

associated with Site 34 are clearly a primary source of 4,4’-DDT in the sediment at MS-01.  

However, the more likely source of 4,4’-DDT is erosion of soil containing 4,4’-DDT as a result of past 

pesticide spraying activities at the site.  

 

The evaluations conducted to answer the questions related to PAHs indicate that Site 34 is not likely a 

current primary source but was likely a historical source of PAHs to the offshore area.  It is not clear 

whether Site 34 was a primary historical source.  However, if the surface material at Site 34 should be 

disturbed in the future exposing more of the ash, Site 34 could become a current primary source.   
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As part of the development of PRGs for OU4, whole sediment and pore water sediment toxicity tests were 

conducted on sediment samples collected from MS-01 Locs. 2 and 3 (TtNUS, November 2001).  No 

significant toxicity was observed in amphipod survival in the two whole sediment toxicity tests; significant 

toxicity was observed in sea urchin larval development in one of the pore water toxicity tests (at MS-01 

Loc. 2).  Also, many organisms, such as worms, have been observed in the sediment during sampling 

(see Appendix B in TtNUS, November 2004).  

 

The evaluations conducted to answer the questions related to pesticides indicate that Site 34 is not likely 

a current source of 4,4’-DDT to the offshore area.  Based on the available data, it cannot be determined 

whether past pesticide rinsing operations associated with Site 34 are clearly a primary source of 4,4’-DDT 

in the sediment at MS-01. 

 

4.8 RECOMMENDATIONS 

Based on discussion at the April 26, 2007 technical meeting (see Appendix D), it was agreed that 

additional data are needed to understand the substrate and possibly determine the extent of PAH 

contamination in sediment at MS-01.  The following are the specific recommendations for MS-01 based 

on the technical meeting: 

• Continue the investigation in a phased approach and determine whether sufficient sediment is 

present in MS-01 to warrant the consideration of a removal action.  If it is determined that there is a 

significant amount of sediment, sediment samples for PAH analysis could be collected as part of the 

RI for Site 34 or as part of an OU4 investigation. 
 

• Several methods should be evaluated to determine which method, or combination of methods, can 

be used to better understand the substrate of the river bottom.  The method or combination of 

methods should be implemented as part of a second phase of additional scrutiny sampling to 

determine the amount of sediment present at the site.. 
 
The Navy is conducting a removal action for the soil/ash at Site 34 that is considered a future potential 

source to the offshore.  A removal action for sediment based on pesticides is not recommended. 
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5.0  ADDITIONAL SCRUTINY FOR MS-05 AND MS-09 

This section provides the additional scrutiny evaluation for MS-05 and MS-09, which are located offshore 

of OU3.  Additional scrutiny was recommended for MS-05 and MS-09 because the OU3 remedial 

construction activities caused metal concentrations to increase in the sediment at MS-05, Loc. 1, and at 

all locations at MS-09.  As provided in Section 1.1, additional scrutiny for MS-05 and MS-09 also includes 

sediment sampling to re-establish the trend line, which was conducted as part of Round 8 of the interim 

offshore monitoring program.  Sampling to re-establish the trend line at MS-05 and MS-09 is not 

discussed further in this report except that the samples are used to evaluate the extent of contamination.   

 

DQOs developed to determine the extent of contamination at MS-05 and MS-09 were presented in the 

Additional Scrutiny QAPP (TtNUS, August 2005).  The primary objectives of the additional scrutiny were 

to: 

 

• Determine the extent of copper and nickel concentrations in the sediment that are greater than their 

IRGs at MS-05. 

 

• Determine the extent of lead concentrations in the sediment that are greater than the ER-M (and 

twice the ER-M) at MS-05. 

 

• Determine the extent of acenaphthylene, anthracene, fluorene, HMW PAHs, copper, and nickel 

concentrations in the sediment that are greater than their IRGs at MS-09.   

 

Data collected as part of the additional scrutiny investigation in August 2005, along with data collected as 

part of Round 7 (at MS-06) and Round 8 (at MS-05 and MS-09) of the Interim Offshore Monitoring 

Program, are evaluated in this section to address these objectives.   

 

5.1  DESCRIPTION OF MONITORING STATIONS  

MS-05 and MS-09 are located in the offshore area of OU3.  Monitoring station MS-05 is located in 

Jamaica Cove and MS-09 is located in Clark Cove (see Figure 5-1).   

 

As part of the remedy for OU3, the Navy completed various activities that led to the release of 

contaminants to the offshore area in Jamaica Cove and Clark Cove.  These activities are detailed in the 

Additional Scrutiny QAPP (TtNUS, August 2005).  During OU3 construction activities, turbidity curtains 

were used in Jamaica Cove and Clark Cove to minimize the size of the area in each cove potentially 

impacted by eroding soil.  The locations of the curtains were not surveyed, but the approximate location 
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of the curtain in Jamaica Cove was determined using aerial photographs and photographs of the curtain 

when it was deployed (see Figure 5-1).  The locations of the turbidity curtains with respect to the 

sediment sample locations in Clark Cove (by MS-09) could not be determined, but it is estimated that the 

turbidity curtain in Clark Cove was approximately 30 to 40 feet from the edge of the shoreline at MS-09. 

 

Three sediment locations are sampled at MS-05 as part of the Interim Offshore Monitoring Program; 

MS-05, Locs. 1 and 3 are intertidal and MS-05, Loc. 2 is subtidal.  The intertidal area at MS-05 is a 

mudflat and provides habitat for an abundance of biota including mussels, snails, worms, and seaweed.  

The subtidal location at monitoring station MS-05 also provides habitat for a variety of biota including 

algae, eelgrass, red worms, clam worms, snails, and other isopods. 

 

Three sediment locations are sampled at MS-09 as part of the Interim Offshore Monitoring Program.  As a 

result of the OU3 remedial action construction activities, all three locations are now subtidal.  The 

sediment at MS-09 is generally dark and black sandy silt with some clay.  The sediment is typical of 

“mucky” conditions and therefore provides habitat to benthic organisms (such as worms). 

 

5.2   POTENTIAL PNS SOURCES OF CONTAMINATION 

The primary COCs at MS-05 are metals (copper, lead, and nickel) and the primary COCs at MS-09 are 

metals and organic chemicals.  Therefore, this section focuses on potential onshore sources of metals 

and organic chemicals to the sediment at MS-05 and MS-09 and discusses potential IRP sources and 

potential non-IRP sources separately. 

 

5.2.1 IRP Sources  

OU3, which is currently approximately 22 acres in size, is the only IRP source adjacent to MS-05 and 

MS-09 and is the only known IRP contaminant source that may potentially impact the sediment at MS-05 

and MS-09.  The layout of OU3 is shown on Figure 5-1.  Land uses at OU3 include vehicle parking, 

equipment storage, and recreational areas, with asphalt or vegetation as the final cover layer over the 

landfill cap, depending on the specific planned use of the area.  OU3 consists of the following three sites: 

 

• Site 8 - the Jamaica Island Landfill (JILF).  The Navy used the JILF, which previously consisted of 

tidal mudflats, as a disposal area from 1945 to 1978 for general refuse, trash, construction rubble, 

and various industrial wastes.  The boundary of OU3 is defined by the boundary of the landfill (see 

Figure 5-1). 

 

• Site 9 - the Former Mercury Burial Sites (MBI and MBII).  Mercury burial vaults were placed in two 

locations within the landfill in the 1970s and then removed (intact) and disposed of off site in the 

110609/P 5-2 CTO 023 



  REVISION 0 
  AUGUST 2007 

1990s/early 2000.  There was no indication that mercury from the vaults has contaminated 

surrounding soil or groundwater.   

 

• Site 11 - the Former Waste Oil Tanks Nos. 6 and 7.  The two underground storage tanks at Site 11 

were used from 1943 to 1989.  The waste oil tanks were removed intact and surrounding soil was 

removed in 1989.  Soil contamination remaining in the vicinity of Site 11 appears to be landfill material 

mixed with petroleum materials that may have originated from spills during filling of the former tanks. 

 

A more detailed description of OU3 can be found in Section 1.0 of the FS Report for OU3 (TtNUS, 

November 2000). 

 

As part of the OU3 remedy, a cap was placed over the landfill material, after which migration of 

contamination from infiltration of runoff through unsaturated soils to the saturated zone is no longer a 

significant potential migration mechanism.  Also, the contaminated soil/waste adjacent to Jamaica Cove 

was excavated, and a wetland was constructed in the excavated area.  Shoreline erosion controls were 

constructed so that soil erosion from OU3 to the offshore is not a current migration pathway of concern.  

However, during OU3 construction activities, contaminated soil likely eroded into the offshore area, as 

discussed above.  No construction activities that may have affected chemical concentrations in Jamaica 

Cove sediment occurred after Round 7 of the interim offshore monitoring program.  Groundwater at OU3 

is being monitored as part of the post-remedial operations, maintenance, and monitoring (OM&M) 

program.  The first round of groundwater sampling was conducted in July 2006. 

 

Chemicals in OU3 landfill material could migrate from the landfill to the offshore area via the following 

pathways: 

 

• Groundwater transport occurs from areas upgradient of OU3, through the saturated zone of the 

landfill, and exiting in the intertidal zone downgradient of the landfill (i.e., in Jamaica and Clark 

Coves).   

 

• Groundwater exiting the landfill in the intertidal zone passes through sediment and then mixes with 

river water or exits as seeps and then mixes with river water. 

 

• Saline river water enters portions of the landfill along the shorelines of Jamaica and Clark Coves 

during high tide and mixes with groundwater before exiting the landfill in the intertidal zone during low 

tide. 
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5.2.2 Non-IRP Sources  

The primary onshore non-IRP source of chemicals to the offshore sediment in Clark Cove and Jamaica 

Cove is storm water runoff, which may contain metals and organic chemicals, such as PAHs related to 

vehicles (i.e., oil leaks, combustion products, etc.) or from asphalt in paved areas.  Also, metals and 

PAHs related to boat traffic may be a significant source of metals and PAHs in Clark Cove, where 

numerous boats are docked and often refueled.  

 

5.3 NON-PNS SOURCES OF CONTAMINATION 

There are several potential offshore non-PNS sources of metals and PAHs to the offshore sediment in 

Clark Cove and Jamaica Cove.  Petroleum products (such as fuel oil, tar, diesel, etc.) and the incomplete 

combustion products of fuel oils and diesel from industrial areas outside the Shipyard and from parking 

lots and non-PNS boat traffic can be sources of metals and PAHs.  These metals and PAHs could 

migrate to the offshore via storm sewers as runoff outside of the Shipyard.   

 

5.4 SAMPLING INVESTIGATION 

Offshore sediment samples have been collected as part of several investigations at or near MS-05 and 

MS-09 as discussed below (see Figure 5-1).  Table 5-1 lists the samples and analysis that was conducted 

for each additional scrutiny sample and the rationale for collecting each sample.  Table 5-2 presents the 

copper, lead, and nickel analytical data for MS-05 and MS-06 and Table 5-3 presents the PAH, copper, 

and nickel analytical data for MS-09 (see Appendix C.2 for full analytical data tables for each of these 

samples).  These tables include data collected as part of the additional scrutiny investigation and the 

most recent rounds of the Interim Offshore Monitoring Program.  The Interim Offshore Monitoring 

Program samples were analyzed for other parameters, such as pesticides and PCBs, but these data are 

not presented in Tables 5-2 or 5-3 because those parameters are not evaluated as part of the additional 

scrutiny.   

 

Additional Scrutiny Investigation: Additional scrutiny sampling activities for MS-05 and MS-09 included 

collection of offshore sediment samples at MS-05 and MS-09. 

 

Interim Offshore Monitoring Program:  Seven rounds of sediment samples have been collected at 

three locations at MS-05, MS-06, and MS-09, beginning in August 1999.  The Round 8 data for MS-05 

and MS-09 samples were evaluated as part of additional scrutiny.  The Round 7 analytical data from 

MS-06, which is located in Jamaica Cove adjacent to MS-05, were used to help bound the samples with 

elevated levels of metals.  The Round 7 data were used because sediment samples were not collected at 
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MS-06 during Round 8 for reasons discussed in the Rounds 1 through 7 Report (TtNUS, November 

2004). 

 

5.4.1 Sampling Investigation for MS-05 

The additional scrutiny sampling investigation was designed to determine the extent of metals 

contamination at MS-05.  Sediment samples from 14 locations were collected during the additional 

scrutiny sampling event and sediment samples were collected from three locations at MS-05 and at 

MS-06 during the Round 8 sampling event (see Figure 5-1).  The additional scrutiny sediment samples 

were located throughout Jamaica Cove, with a greater density of samples in close proximity to the 

approximate location of the former turbidity curtain that was placed in Jamaica Cove during the OU3 

construction activities.  Also, three samples were collected within 25 feet of MS-05, Loc. 1 to determine 

whether the elevated detection at that location was an anomaly.   
 

The 14 sediment samples were collected from the offshore area for analysis of copper, lead, and nickel, 

but selected samples were held by the analytical laboratory until it was determined that analysis should 

proceed.  The samples were grouped and analyzed in three phases as described below, based on 

comparisons of concentrations to IRGs (for copper and nickel) or the ER-M value (for lead) (see 

Table 5-2):       

 

• Phase 1: Sediment samples AS05-SD01 through AS05-SD05 were analyzed.   

 

• Phase 2: Sediment samples from AS05-SD06 through AS05-SD10 were analyzed in Phase 2 

because several of the Phase 1 samples had concentrations of lead greater than the ER-M.  No 

Phase 1 samples had copper or nickel concentrations greater than IRGs, but the Round 8 sediment 

sample from MS-05, Loc. 1 had a copper concentration greater than its IRG.  AS05-SD11 was not 

analyzed because the lead concentration at AS05-SD05 was less than the ER-M; therefore, the 

location did not need to be bounded (see Figure 5-3). 

 

• Phase 3: Sediment sample AS05-SD13 was analyzed in Phase 3 because AS05-SD08 had a lead 

concentration greater than the ER-M.  AS05-SD12 and AS05-SD14 were not analyzed because lead 

concentrations in the other Phase 2 samples were less than the ER-M (see Figure 5-3). 

 

5.4.2 Sampling Investigation for MS-09 

The additional scrutiny sampling investigation was designed to determine the extent of PAH, copper, and 

nickel contamination at MS-09.  Sediment samples from six locations were collected during the additional 
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scrutiny sampling event, and sediment samples were collected from three locations during the Round 8 

sampling event (see Figure 5-1). 

 

5.5 EVALUATION OF METALS AT MS-05 

The objective of the additional scrutiny investigation at MS-05 was to determine the extent of copper and 

nickel concentrations in the sediment that are greater than IRGs and the extent of lead concentrations in 

the sediment that are greater than the ER-M (and twice the ER-M).  The following decision rule was 

established in the Additional Scrutiny QAPP (TtNUS, August 2005) for this evaluation: 

 

• If none of the locations furthest from the shoreline have metals concentrations greater than IRGs (for 

copper and nickel) or the ER-M (for lead), determine that the contamination is bounded, and stop 

data collection for this purpose.  

 

• If any of the locations furthest from the shoreline have metals concentrations greater than IRGs (for 

copper and nickel) or the ER-M (for lead), conclude that the contamination is not bounded, and 

evaluate whether additional sampling is needed.   

 

5.5.1 Data Evaluation     

Figures 5-2, 5-3, and 5-4 present the concentrations of copper, lead, and nickel in sediment samples 

collected at MS-05 as part of the additional scrutiny investigation.  The figures also present the 

concentrations of metals from Round 8 for MS-05 and Round 7 data for MS-06.  The symbols for the 

sediment samples are colored green if concentrations are less than IRGs (for copper and nickel) or the 

ER-M (for lead) and colored red if concentrations are greater than IRGs or the ER-M.   

 

Copper at one location had a concentration greater than its IRG and lead at six locations had 

concentrations greater than its ER-M.  Only one location had a lead concentration that was greater than 

twice the ER-M.  No location had nickel concentrations greater than its IRG.  It appears that the turbidity 

curtain contained the majority of the contamination.  None of the locations furthest from the shoreline had 

metals concentrations greater than IRGs (for copper and nickel) or the ER-M (for lead), so the 

contamination is bounded and data collection can stop for this purpose.  

 

5.6 EVALUATION OF PAHS AND METALS AT MS-09 

The objective of the additional scrutiny investigation at MS-09 was to determine the extent of PAHs, 

copper, and nickel concentrations in sediment that are greater than IRGs.  The following decision rule 

was established in the Additional Scrutiny QAPP for this evaluation: 
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• If none of the locations furthest from the shoreline have PAH or metals concentrations greater than 

IRGs, conclude that the contamination is bounded, and stop data collection for this purpose. 

 

• If any of the locations furthest from or along the shoreline have PAH or metals concentrations greater 

than IRGs, determine that the contamination is not bounded, and evaluate whether additional 

sampling is needed.   

 

5.6.1 Data Evaluation     

Figures 5-5 through 5-10 present the concentrations of copper, nickel, acenaphthylene, anthracene, 

fluorene, and HMW PAHs in sediment samples collected as part of the additional scrutiny investigation 

and the Round 8 sampling for MS-09.  The symbols for the sediment samples are colored green if 

concentrations are less than IRGs and colored red if concentrations are greater than IRGs.   

 

Fluorene at one location and HMW PAHs at three locations were the only parameters with concentrations 

greater than their respective IRGs.  None of the locations furthest from the shoreline had PAH or metals 

concentrations greater than IRGs; therefore, the contamination is bounded and data collection can stop 

for this purpose. 

 

5.7 CONCLUSIONS 

Based on the data evaluations in Sections 5.5.1 and 5.6.1, the contamination at MS-05 and MS-09 is 

bounded.   

 

5.7.1 MS-05 

At MS-05, the area with copper concentrations greater than the IRG is less than 25 feet by 50 feet 

(0.03 acre) (see Figure 5-2), and the area with lead concentrations greater than the ER-M is less than 

50 feet by 300 feet (0.3 acre) (see Figure 5-3).  The area with lead concentrations greater than twice the 

ER-M is the same area of the copper exceedance (less than 0.3 acre).  No samples had nickel 

concentrations that exceeded its IRG.   

 

5.7.2 MS-09 

At MS-09, the area with copper, nickel, and flourene concentrations (around one sampling location) 

greater than their respective IRGs is likely less than 50 feet by 200 feet (0.2 acres) (see Figures 5-5, 5-6, 

and 5-9).  The concentrations of HWM PAHs slightly exceeded its IRG at three locations along the 

shoreline.  The approximate size of the area with elevated HMW PAH concentrations cannot be easily 

110609/P 5-7 CTO 023 



  REVISION 0 
  AUGUST 2007 

determined because: (1) there were relatively few sediment samples collected at this monitoring station, 

(2) the magnitude of exceedance of the IRG was low, so it is not likely that the concentrations greater 

than the IRG extend very far from the shoreline, and (3) two samples adjacent to one of the samples with 

an elevated HWM PAH concentration had low HMW PAH concentrations indicating the elevated levels 

may not be widespread (see Figure 5-10).  No samples had acenaphthylene or anthracene 

concentrations that exceeded their IRGs.   

 

5.8 RECOMMENDATIONS 

The following are the recommendations for MS-05 and MS-09 based on the technical meeting held on 

April 26, 2007: 

• During Round 9 of the Interim Offshore Monitoring Program several sampling locations will be moved 

to better cover the area at and near IRG or ER-M exceedances.  The Navy will provide a technical 

memorandum providing the proposed new locations. 

• After the OU3 OM&M data for the first rounds of monitoring are evaluated, it is recommended that 

MS-05, MS-08, and MS-09 be removed from the Interim Offshore Monitoring Program and to include 

the OU3 offshore area in the OU3 OM&M program.  

A removal action for sediment is not recommended at this time for MS-05 or MS-09. 
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6.0  ADDITIONAL SCRUTINY AT MS-11 

This section provides the additional scrutiny evaluation for MS-11, which is located offshore of OU2.  

Additional scrutiny was recommended at this station because concentrations of copper and nickel in 

sediment exceeded their IRGs, and the contaminant concentration trend lines for offshore sediment 

indicated that concentrations are increasing.  Also, the concentrations of lead exceeded the ER-M at this 

station and the trend lines indicated that concentrations are increasing. 

 

Unacceptable levels of copper, lead, and nickel are present in the sediment at MS-11, Loc. 3.  Erosion of 

contaminated soil from the OU2 shoreline, and possibly the wooded area to the east of Building 310, is 

the likely source(s) of the contamination, although this had not been confirmed.  The Navy needed to 

identify whether an IRP source is the source of the metals in sediment to justify an action for this area 

under the Navy’s IRP. 

 

DQOs were developed to address evaluation of metals for MS-11 and were presented in the Additional 

Scrutiny QAPP (TtNUS, August 2005).  Based on the DQOs, the primary objective of the additional 

scrutiny at MS-11 was to determine whether OU2 is clearly the primary source of metals at MS-11.  

 

Data for the additional scrutiny investigation were collected in May 2005 before the shoreline removal 

action for a portion of the OU2 shoreline (near Building 298 shoreline area, west of the seawall) was 

conducted.  In November 2005, the Navy placed shoreline controls in this area as part of the removal 

action.  The data evaluation discussed in this additional scrutiny section considers the conditions before 

and after the removal action.  In addition, based on the Navy’s November 2005 technical memorandum 

related to additional scrutiny at MS-11, the Navy conducted a removal action to address erosion along the 

eastern-most portion of the OU2 shoreline (east of the seawall).  In June 2006, the Navy removed 

surficial debris (including metal pieces and wires) from the wooded area, covered the area with gravel, 

and placed shoreline controls along the shoreline of this area. 

 

6.1   DESCRIPTION OF MONITORING STATION  

MS-11 is located in the main channel of the Piscataqua River, just offshore of OU2 (Sites 6 and 29).  

Three sampling locations are included within MS-11, as shown on Figure 6-1.  During the interim offshore 

monitoring program, sediment has been consistently available at one location (MS-11, Loc. 3), which is at 

a small depositional intertidal area east of the OU2 shoreline.  During the first round of monitoring, a small 

amount of sediment (eroded soil) was found at another location (MS-11, Loc. 2); however, this location is 

within the area addressed by a 1999 emergency removal action (shoreline erosion controls) (see Section 
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6.2.1), and subsequently, there has been no sediment or eroded soil at this location.  Biota observed at 

MS-11 includes mussels, mud snails, green crabs, periwinkles, and urchins. 

 

6.2  POTENTIAL PNS SOURCES OF CONTAMINATION 

The primary COCs at MS-11 are metals (copper, lead, and nickel).  Therefore, this section focuses on 

potential sources of metals to the sediment at MS-11, and discusses potential IRP sources and potential 

non-IRP sources separately. 

 

6.2.1 IRP Sources 

OU2 is the only known IRP source that may potentially impact the sediment at MS-11.  OU2 consists of 

Site 6 [Defense Reutilization and Marketing Office (DRMO) Storage Yard] and Site 29 (Former Teepee 

Incinerator Site).     

 

The major hazardous materials of concern at Site 6 were lead battery cells and plates and nickel-

cadmium batteries that were stockpiled on uncovered pallets.  Open storage of batteries and other 

materials that could cause contaminants to be leached or otherwise released by pathways such as 

infiltration or runoff was terminated in approximately 1983.  In 1993, interim corrective measures were 

conducted for a portion of the DRMO and included the capping and paving of sections of the site, 

installation of storm water controls, and installation of concrete curb.   

 

Most of Site 29 is situated on filled land on the southern side of Seavey Island directly bordering the 

Piscataqua River and includes the area surrounding Buildings 298 and 310 and the former location of 

Building 314, as illustrated on Figure 6-1.  The site encompasses a former industrial incinerator (Teepee 

Incinerator) and a waste disposal area.  The site is currently used as an occupational area; hazardous 

chemicals are not used as part of any operations at the site.  The following summarizes the potential 

onshore sources of contamination to the offshore area: 

 

• Filling of an area at Site 29 (labeled as "Waste Disposal Area”) with paper, wood, and rubbish, and 

ash from approximately the 1920s to the 1970s (TtNUS, March 2000).  The ash is from the open 

burning and Teepee Incinerator discussed below. 

 

• Open burning of trash in the Waste Disposal Area from approximately the 1920s to 1965. 

 

• Burning of wood, paper, and rubbish, along with occasional burning of cans of paint and solvents, in 

the Teepee Incinerator from 1965 to 1975.     
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The OU2 shoreline is steeply sloped and includes shoreline protection or erosion control measures over 

most of its length (see Figure 6-1).  The Site 6 shoreline erosion controls consist of a rock riprap 

revetment system installed in 1999 that extends along 630 feet of the shoreline from just west of Site 6 to 

the southern corner of Building 298.  An approximate 300-foot-long, 12-foot-high seawall runs along the 

shoreline from just east of Building 298 to where the coastline angles to the southeast.  The seawall acts 

as a retaining wall separating the fill areas from the shoreline.  The seawall appears to be constructed of 

base layers of granite stone blocks upon which a concrete wall was poured.  A removal action was 

conducted in November 2005 to place shoreline controls (a rock riprap revetment system) along a 

100-foot length of shoreline adjacent to Site 29.  The western section of the seawall appeared to be 

structurally distressed at its endpoint adjacent to Building 298.  Observations of the shoreline before the 

controls were put in place showed that erosion of the bank initially beyond the end of the wall had 

extended behind the end of the wall, where a few blocks at the base of the wall had become dislodged.  

Pieces of metal debris were observed in the eroding soil in this area.  Along the eastern section of the 

wall, metal debris was observed on the surface in the wooded area.  It was not known if the debris is 

surficial or if it extended to the subsurface.  Soil from this area may be eroding to the offshore sediment at 

MS-11, Loc. 3, which is immediately adjacent to this onshore area (see Figure 6-1).  In June 2006, the 

surficial debris was removed, and the area was covered with rocks along with shoreline controls placed 

along the eastern-most portion of the OU2 shoreline. 

 

Figure 6-1 presents the potential migration pathways for onshore and offshore chemicals to be deposited 

at MS-11.  Shoreline erosion is a current and future potential migration pathway for OU2.  As described 

above, the shoreline along OU2 is generally steep, and although there are erosion controls along most of 

the OU2 shoreline, prior to the additional scrutiny investigation, there were some areas where soil along 

the shore was apparently eroding directly into the offshore area.  Also, eroded soil may discharge to the 

offshore area through storm water outfalls.  The only intertidal sediment in the area is at MS-11, Loc. 3, 

and because of its location along a bend in the shoreline, eroded soil may be deposited in this area.  

Based on groundwater concentrations, contaminant fate and transport results, and groundwater modeling 

results, migration of contamination through groundwater to the offshore is not a likely current or future 

pathway. 

 

6.2.2 Non-IRP Sources 

There are a few potential onshore non-IRP sources that may contribute contamination to the offshore 

area by MS-11, Loc. 3.  Several outfalls are located along the OU2 shoreline that may drain surface 

runoff not associated with OU2.  Outfall OF-78 (located east of OU2) discharges to the offshore area 

immediately adjacent to MS-11, Loc. 3 and could be a source of metals in the area.  However, there are 

no known sources of metals in the drainage area of this outfall.  Based on the relatively high 
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concentrations of metals in the sediment samples collected from MS-11, Loc. 3, it is not likely that a non-

IRP site is a source of metals to the offshore area when compared to soil erosion from OU2.    

 

6.3 NON-PNS SOURCES OF CONTAMINATION 

Although it is possible that offshore sources of contamination, such as urban runoff and boat traffic, may 

contribute some contamination to the sediment at MS-11, based on the elevated levels of metals, it is not 

likely that offshore sources represent a significant amount of the metals contamination compared to soil 

erosion from OU2.    

 

6.4 SAMPLING INVESTIGATION 

Onshore soil and catch basin sediment were collected as part of the additional scrutiny investigation at 

MS-11.  Table 6-1 lists the samples and analysis that was conducted for each sample and the rationale 

for collecting each sample.  Table 6-2 presents the copper, lead, and nickel analytical data for each 

sample.  Figure 6-1 shows the locations of the samples at MS-11.   

 

Additional Scrutiny Investigation: The additional scrutiny sampling activities for MS-11 included 

collection of the following samples: 

 

• Composite surface soil from the erosional area west of the seawall 

• Composite surface soil from the erosional area east of the seawall 

• Composite sediment from the catch basin located south of Building 298 

 

Also, two shallow hand-auger soil borings were advanced to determine the depth of the debris in the 

wooded area east of Building 310 where accumulated debris was noted. 

 

Interim Offshore Monitoring Program: Seven rounds of sediment samples have been collected at one 

location at MS-11, beginning in August 1999.  The analytical data for copper, lead, and nickel from these 

samples are evaluated as part of the additional scrutiny investigation. 

 

6.5 EVALUATION OF COPPER, LEAD, AND NICKEL 

The objective of the additional scrutiny investigation at MS-11 was to determine whether OU2 is a primary 

source of copper, lead, and nickel in the offshore sediment at MS-11.  The following decision rules were 

established in the Additional Scrutiny QAPP (TtNUS, August 2005) for this evaluation: 
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• If OU2 is clearly the primary source of metals at MS-11, or if it may be a primary source, evaluate 

source control for offshore migration and the need for a removal action in the offshore area and 

further refine ecological risk estimates in the offshore area as part of the FS for OU2 (soil) or OU4 

(sediment). 

 

• If OU2 is clearly not a primary source, do not evaluate source control for offshore migration or further 

refine ecological risks in the offshore area and consider modifying the interim offshore monitoring 

program. 

 

This report attempts to answer several questions in a line-of-evidence approach to determine whether 

OU2 is the source of the elevated levels of copper, lead, and/or nickel in sediment at MS-11, Loc. 3.  

Each of these questions is presented in the following sections.  The conclusions are summarized in 

Section 6.6. 

 

6.5.1 Potential Soil Contamination and Erosion 

Question: Is there debris in the soil (i.e., metal pieces) that would indicate a high potential for the soil to 

have elevated levels of metals, and are there visual signs of soil erosion that would indicate this 

potentially contaminated soil is being released to the offshore area? 

 

A technical memorandum for the additional scrutiny sampling at MS-11 was submitted to the regulators 

and Restoration Advisory Board (RAB) on November 9, 2005.  This memorandum is provided in 

Appendix C.3.  As discussed in the memorandum, metal debris was observed throughout the berm areas 

where the soil samples were collected, including lead mesh fragments, rust flakes, metal coils/shavings, 

nuts, bolts, and wire.  There were also visible signs of soil erosion at the time of sample collection.  

Therefore, there are metal pieces in the soil that would indicate a high potential for the soil to have 

elevated levels of metals and there are visual signs of soil erosion that indicate this soil is being released 

to the offshore area. 

 

6.5.2 Metals Concentration Levels 

Question: Are elevated levels of metals found in soil eroding to the offshore area?  Elevated levels for 

this evaluation were defined as concentrations greater than IRGs (for copper and nickel) or the ER-M (for 

lead). 

 

The concentrations of copper, lead, and nickel detected in soil samples (AS11-CP-SS01 and 

AS11-CP-SS02) ranged from 312 mg/kg to 8,660 mg/kg (copper), 5,490 mg/kg to 22,500 mg/kg (lead), 

and 102 mg/kg to 382 mg/kg (nickel) (see Table 6-2).  The concentrations exceeded the IRGs for copper 
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(486 mg/kg) and nickel (126 mg/kg) and the ER-M for lead (218 mg/kg).  The concentrations of metals in 

the catch basin sediment sample were much lower (see Table 6-2)   

 

As can be seen from Figure 6-1, the greatest metals concentrations were found at AS11-SS02, which is 

located adjacent to MS-11, Loc. 3.  Therefore, elevated levels of metals were found in the soil eroding to 

the offshore area. 

 

6.5.3 Metals Concentration Trends 

Question: Are concentrations of metals increasing in the sediment that could be used to indicate a 

current source versus a historical source of metals to the offshore sediment?   

 

The purpose of this task was to determine whether the concentrations of copper, lead, and/or nickel in 

sediment are increasing, which would suggest a continuing source of metals to the offshore area.  

Concentration plots for Rounds 1 through 7 data for MS-11 for copper, lead, and nickel are provided in 

Appendix C.3.  These plots show the data from MS-11, Loc. 3, which is the only location where sediment 

was available for all seven rounds of the interim offshore monitoring program.  The following observations 

were made from the plots: 

 

• The copper concentration in Round 7 was much greater than the concentrations for the previous 

rounds.  With the exception of Round 7, no increasing trend was evident.  The cause for the 

increased copper concentration in Round 7 is not known, but it is possible that a small piece of metal 

was included in the portion of the sample that was analyzed.  It is also possible that contaminated soil 

eroded to the offshore area between Rounds 6 and 7. 

 

• The nickel concentration in Round 7 was similar to the concentration in the Round 5 sample, but both 

of those concentrations were greater than the concentrations for the other rounds.  Because the data 

in the last four rounds are scattered on the plot, it cannot be determined whether nickel 

concentrations are actually increasing in the sediment at MS-11, Loc. 3. 

 

• The lead concentration in Round 7 was slightly greater than the concentrations for the previous 

rounds; however, because the first two rounds had very low lead concentrations, the overall 

concentration trend shows a sharp increase.  It appears the lead concentrations have remained 

relatively steady over the last five rounds, and the greater concentration during Round 7 may be 

related to variability in the data.  It is also possible that contaminated soil eroded to the offshore area 

between Rounds 6 and 7. 
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In summary, it cannot be determined whether concentrations of metals are actually increasing in the 

sediment at MS-11, Loc. 3.  However, it is possible that contaminated soil eroded to the offshore area 

between Rounds 6 and 7. 

 

6.6 CONCLUSIONS 

Based on the evaluation in Section 6.5, metals found in soil from OU2 appear to be the likely source of 

the elevated levels of metals observed in the sediment at MS-11 Loc. 3 for the following reasons: 

 

• There are visual signs of soil erosion that indicate potentially contaminated soil is being released to 

the offshore area.  It is possible that contaminated soil eroded to the offshore area between Rounds 6 

and 7 because the greatest detections of copper and lead were found in the Round 7 samples. 

 

• There was metal debris in the soil collected from the erosional areas. 

 

• Elevated levels of metals were found in soil samples collected from areas eroding to the offshore 

area.  In fact, the concentrations of metals detected at AS11-SS02 (the soil sample collected closest 

to MS-11, Loc. 3 at the eastern end of the seawall) were greater than the maximum concentrations in 

the sediment samples from MS-11, Loc. 3.   

 

In accordance with the decision rules presented in Section 6.5, OU2 is likely the primary source of 

materials eroding to the offshore.   

 

Based on the shoreline observations during preparation of the additional scrutiny work and based on the 

May 2005 additional scrutiny data, the Navy conducted removal actions for the shoreline on the western 

and eastern portions of the seawall, in the vicinity of AS11-SS01 and AS11-SS02 (see Figure 6-1).  In 

November 2005, erosion controls were placed along approximately 100 feet of shoreline west of the 

seawall.  The erosion controls were similar to those placed along the shoreline to the west in 1999.  In 

June 2006, surficial debris on the eastern portion of the seawall was removed, the area covered, and 

erosion controls were placed along the shore at this time.  Therefore, the erosion was addressed through 

the removal actions. 

 

As part of the development of the PRGs for OU4 during Round 2 of the Interim Offshore Monitoring 

Program, whole sediment and pore water sediment toxicity tests were conducted on the sediment sample 

collected at MS-11, Loc. 3 (TtNUS, November 2001).  No significant toxicity was observed in amphipod 

survival in the whole sediment toxicity test or sea urchin larval development in the pore water toxicity test.  

Although the metals concentrations during Round 2 were not as great as the concentrations during some 

of the other rounds, the lack of toxicity at this station indicates that the metals in the sediment do not 
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appear to be bioavailable.  This is expected because the elevated levels of metals are likely due to small 

pieces of metal fragments in the sediment, which are typically not very bioavailable.  Because the river 

current is fast in the area adjacent to MS-11, Loc. 3, little sediment is present at this location, so the 

amount of habitat available for sediment invertebrates is small. 

 

6.7 RECOMMENDATIONS 

The following are the recommendations for MS-11 based on the technical meeting held on April 26, 2007: 

• Additional sediment sampling is not recommended because there is only a small amount of sediment 

at this monitoring station and because erosion controls were placed along the shoreline. 

 

• A removal action for sediment is not recommended because there is only a small amount of sediment 

present. 

 

• Further evaluation and/or inspection of the erosion controls will be conducted as part of the remedial 

activities for OU2. 
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7.0  ADDITIONAL SCRUTINY AT MS-12 

This section provides the additional scrutiny evaluation for MS-12, which is located offshore of Site 10.  

Additional scrutiny was recommended at this station because the concentrations of PAHs exceeded their 

IRGs and because the MS-12 contaminant trend lines for offshore sediments indicated that 

concentrations are increasing.  Also, the concentrations of lead exceeded the ER-M at this station, and 

the trend lines indicated that lead concentrations are increasing.   

 

Unacceptable levels of PAHs and lead are present in the sediment at MS-12, but the source of PAHs and 

lead in sediment was not known. The Navy needed to identify whether an IRP site is the source of the 

PAHs and/or lead in the sediment to justify an action or further evaluations of this area under the Navy’s 

IRP.   

 

DQOs developed to evaluate PAHs and lead for MS-12 were presented in the Additional Scrutiny QAPP 

(TtNUS, August 2005).  Based on the DQOs, the primary objective of the additional scrutiny at MS-12 

was to determine whether a current or historical IRP site is the source of PAHs and/or lead in the 

sediment at MS-12.  Data collected as part of the additional scrutiny investigation in August 2005, along 

with data previously collected at MS-12, are evaluated in this section to address this objective.   

 

7.1  DESCRIPTION OF MONITORING STATION 

MS-12 is located in a depositional area in the dry docks area offshore of Site 10 and Building 178 (see 

Figure 7-1).  Three sediment locations are sampled at MS-12 as part of the interim offshore monitoring 

program; MS-12, Loc. 1 is intertidal and MS-12, Locs. 2 and 3 are subtidal.  The intertidal location is a few 

feet south of Building 178.  The subtidal locations are located within a large eelgrass bed.  The shoreline 

is steep at the approximate ends of the walls on either side of Building 178, just south of sample locations 

AS12-SD02 through AS12-SD04 (see Figure 7-1).  A large amount of biota was reported at MS-12 during 

the first seven sampling rounds; mussels, snails, starfish, periwinkles, eelgrass, clam worms, and red 

worms were found in the sediment samples from this monitoring station.  

 

7.2  POTENTIAL PNS SOURCES OF CONTAMINATION 

The primary COCs at MS-12 are PAHs and lead.  Therefore, this section focuses on potential onshore 

sources of PAHs and lead to the sediment at MS-12 and discusses potential IRP sources and potential 

non-IRP sources separately.  
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7.2.1 IRP Sources 

A detailed description of the potential IRP sources is provided in the Additional Scrutiny QAPP (TtNUS, 

August 2005).  Site 10, the Former Battery Acid Tank No. 24, is the only known IRP site in the general 

area of MS-12 (see Figure 7-1).  Current uses include office space inside Building 238 and some minor 

battery recharging work that does not generate chemical waste.  From 1955 to 1984, lead-acid battery 

recharging operations conducted within the building resulted in releases of lead contamination.   

 

• Before 1974, the waste battery acid was discharged directly to the offshore through an Industrial 

Waste Outfall (Site 5) located in Berth 4 near outfall OF-8.   

 

• From 1974 to 1984, the waste battery acid was discharged to an underground storage tank outside of 

the building and then transported off site for disposal.  Use of the tank was discontinued when a leak 

was discovered in the underground storage tank in 1984.  Use of piping from the building to the tank 

was also discontinued, but the piping was not removed.  The tank and surrounding contaminated soil 

were removed in 1986.  It is unknown how long the tank was leaking or how much material was 

released.  Based on the location of the tank near the shore and the tidal influence at the site, when 

the tank was leaking, it is highly likely that the leaking waste battery acid migrated to the offshore. 

 

• Before the underground tank was removed, piping from the operations in the building to outside the 

building apparently leaked. 

 

Based on soil and groundwater data for Site 10, soil in the crawl space of Building 238 around the pipe 

that transported the lead battery acid wastes from the building to the former tank has high concentrations 

of lead (greater than 10,000 mg/kg).  Residual lead-contaminated soil around the former tank was also 

found, but these concentrations were much lower than those found in the crawl space.  A groundwater 

investigation showed low lead concentrations in groundwater (less than approximately 45 µg/L) and the 

Navy concluded that significant migration of lead from soil to groundwater (and to the offshore) was not 

occurring.  Therefore, Site 10 is not a current source of lead to the offshore. 

 

7.2.2 Non-IRP Sources 

A detailed description of the potential non-IRP sources is provided in the Additional Scrutiny QAPP 

(TtNUS, August 2005).  The following is a brief summary of the potential non-IRP sources at MS-12:   

 

• Lead and PAHs from parking lot and road runoff, etc., may be contributing to the contamination at 

MS-12 via storm sewer discharges and overland runoff.  Nearly the entire onshore area surrounding 
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MS-12 is paved or covered with buildings, and storm water outfalls are present in the area (see 

Figure 7-1). 

 

• MS-12 is located adjacent to Building 178, a one-story 178,000-square-foot building.  The floor in the 

southern portion of the building (closest to the water) is concrete, but the floor in the northern part of 

the building is concrete covered with creosote-treated wood blocks (Malcolm Pirnie, November 1998).  

However, because the wood floor is not covered with water, it is not likely a significant source of 

PAHs to the offshore area. 

 

• Some of the operations in Building 178 may have resulted in the release of lead and/or PAHs to the 

offshore area.  Although it is currently used as a storage area for items including wooden pallets, 

large cable coils, drums containing silica sand sealant and blasting materials, etc., from 1944 to 1970, 

the primary operation in Building 178 involved the construction of submarines (Malcolm Pirnie, 

November 1998).  These construction operations included welding, spray painting, lead working 

(melting, cutting, etc.), metal cleaning/polishing, and sand blasting.   

 

7.3 NON-PNS SOURCES OF CONTAMINATION 

There are several potential non-PNS sources of PAHs to the offshore sediment at MS-12.  Petroleum 

products (such as fuel oil, tar, diesel, etc.) and the incomplete combustion products of fuel oils and diesel 

from industrial areas outside the Shipyard and from parking lots can be sources of lead and PAHs.  

These chemicals could migrate to the offshore via storm sewers outside of the Shipyard.  Also, PAHs 

related to boat traffic in the river are a potential source of PAHs to the offshore area at MS-12. 

 

7.4 SAMPLING INVESTIGATION 

Offshore sediment and catch basin sediment have been collected as part of several investigations at Site 

10 and/or MS-12.  Table 7-1 lists the additional scrutiny samples and analysis that was conducted for 

each sample and the rationale for collecting each sample.  Some of the samples were analyzed for other 

parameters, such as pesticides and PCBs, but these data are not presented in the table because those 

parameters were not evaluated as part of the additional scrutiny at MS-12.  Figure 7-1 shows the sample 

locations.   

 

Additional Scrutiny Investigation: The additional scrutiny sampling activities for MS-12 included 

collection of the following samples: 

 

• Offshore sediment at MS-12 

• Sediment from a storm water catch basin that discharges to MS-12 
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• Offshore sediment adjacent to a storm water outfall (on and off the Shipyard) (see Section 2.3 for 

samples off the Shipyard) 

• Sediment from reference station locations (see Section 2.3) 

 

Interim Offshore Monitoring Program: Seven rounds of sediment samples have been collected at three 

locations at MS-12, beginning in August 1999.   

 

Other Investigations: Two sediment samples (10-A and 10-B) were collected as part of the Resource 

Conservation and Recovery Act (RCRA) Facility Investigation (McLaren/Hart, July1992).   

 

Soil and groundwater investigations have been conducted at Site 10 in 1991, 1998, 2001, and 2006.  The 

QAPP for the 2006 investigation (TtNUS, June 2006) summarizes the results of the investigations prior to 

2006.  The 2006 investigation was conducted in July and August and the results will be provided in the 

OU1 RI report. 

 

7.5 EVALUATION OF PAHS AND LEAD 

The objective of the additional scrutiny investigation at MS-12 was to determine whether an IRP site is a 

primary source of PAHs and/or lead at MS-12.  The following decisions rules were established in the 

Additional Scrutiny QAPP (TtNUS, August 2005) for this evaluation, depending on whether the source is 

current or historical: 

 

Current 

• If the lines of evidence indicate that the PAH or lead contamination in sediment at MS-12 is from a 

current IRP site, evaluate source controls for offshore migration and the need for a removal action in 

the offshore area and further refine ecological risk estimates in the offshore area as part of OU4 for 

that parameter.   

 

• If neither lead nor PAHs are linked to a current IRP site, do not evaluate source controls for offshore 

migration; do not evaluate the need for a removal action in the offshore area as part of the IRP; do 

not further refine ecological risk estimates in the offshore area as part of OU4, and consider modifying 

the interim offshore monitoring program. 
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Historical 

• If the lines of evidence indicate that the PAH or lead contamination in sediment at MS-12 is from a 

historical IRP site, evaluate the need for a removal action in the offshore area and further refine 

ecological risks in the offshore area as part of OU4 for that parameter. 

 

• If neither lead nor PAHs are linked to a historical IRP source, do not evaluate the need for a removal 

action in the offshore area as part of the IRP; do not further refine ecological risks in the offshore area 

as part of OU4 and consider modifying the interim offshore monitoring program. 

 

This report attempts to answer several questions in a line-of-evidence approach to determine whether a 

current or historical IRP site is a primary source of the elevated levels of PAHs and/or lead in sediment at 

MS-12.  Each of these questions is presented in the following sections.  The conclusions are summarized 

in Section 7.7. 

  

7.5.1 Spatial Distribution of Lead in Sediment 

Question: Does the spatial distribution of the lead concentrations in the sediment samples indicate that 

Site 10 may be a source of lead to the offshore sediment?   

 

Figure 7-2 shows the lead concentrations in each of the additional scrutiny samples and in previously 

collected samples.  The range of concentrations from Rounds 1 through 7 is presented on the figure for 

each of the three interim offshore monitoring station locations at MS-12.  Table 7-2 presents the lead data 

for each sample. 

 

The lead concentration in the sediment sample at AS12-SD01, which is the furthest AS12 sample from 

Site 10, was 409 mg/kg, which is similar to the lead concentration of 401 mg/kg in the catch basin 

sediment sample at AS12-CB02.  These lead concentrations are also within the range of lead 

concentrations observed in background soil samples at PNS (ranging from 9.5 to 1,100 mg/kg) and 

similar to the 95 percent UCL of the mean concentration (439 mg/kg) (TtNUS, March 2003).  A few 

sediment sample locations at MS-12 had lead detections that were similar to or greater than 436 mg/kg 

(twice the ER-M), including sample locations inside (AS12-SD15 and AS12-SD16) and immediately 

adjacent to (AS12-SD08 and MS-12, Loc. 1) Building 178, and three sample locations adjacent to Site 10 

(MS-12, Loc. 3; AS12-SD07; and AS12-SD12). 

 

Based on the spatial distribution data, no distinct concentration trend was observed in the sediment that 

would point to Site 10 being a current source of lead to the offshore area with the exception of the sample 

at AS12-SD12 (see Figure 7-2).  AS12-SD07 had lead concentrations of 297 mg/kg in the original sample 
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and 768 mg/kg in its duplicate, but AS12-SD11, which is located slightly closer to Site 10, and 

AS12-SD04, which is located slightly further from Site 10, had lead concentrations of 155 and 116 mg/kg, 

respectively.  Also, although the lead concentration at MS-12, Loc. 3 was 555 mg/kg during one round, 

the lead concentrations at this location for the other six rounds were less than 202 mg/kg.   

 

The sample at AS12-SD12 (which had a lead concentration of 3,120 mg/kg) was collected adjacent to the 

quay wall in Berth 4 near Site 10, near a former Industrial Waste Outfall (Site 5) where Site 10 wastes 

were reported to have been released directly to the offshore (prior to 1978).  The historical sediment 

sample collected near AS12-SD12 (10-B) had a much lower lead concentration (206 mg/kg).  The reason 

for the elevated lead detection in the additional scrutiny sample is not known.  It is possible that the 

deeper sediment may be more contaminated and was stirred up by some recent activities (i.e., movement 

of barges).  Past discharge of Site 10 wastes through the outfall is the likely source of lead at AS12-SD12 

because the sample was located adjacent to Site 10.  Groundwater data for Site 10 shows that lead is not 

currently a source to the offshore, which further supports that lead in the offshore sediment is from a 

historic release.   

 

In summary, there is no distinct pattern of elevated lead levels in the samples closest to Site 10 except for 

sample AS12-SD12.  At this location, a previously operational industrial outfall discharged wastewater 

and sludge containing lead to the offshore.  Also, prior to 1984, material from the leaking tank/pipes likely 

was released to the offshore area. 

 

7.5.2 Potential Migration Pathways 

Question: Is there a current or historical migration pathway for PAHs and/or lead from an onshore site to 

the offshore area? 

 

Site 10 area is the only known IRP site in the general area of MS-12.  Site information shows that Site 10 

wastes were historically released to the offshore, but Site 10 is not a current source of contamination to 

the offshore.  Historically, battery acid containing lead was released to the offshore area, through an 

industrial waste outfall (prior to 1975) and/or from the leaking tank (prior to 1984).  Currently, lead may 

migrate via groundwater in the fill from Site 10 to the offshore area.  However, based on the results from 

site investigations, lead contamination is not impacting the groundwater.  Compared to lead 

concentrations in subsurface soil where site wells are screened, concentrations of lead detected in 

groundwater are several orders of magnitude lower, indicating that dissolution of lead is minor.  

Therefore, even though groundwater flux is high in the fill material at the site, the data indicate that lead 

contamination is not migrating in the groundwater at concentrations of concern.  It is possible that cracks 

and/or small openings in the quay wall are potential migration pathways of lead-contaminated subsurface 

soil from Site 10 to the offshore area.  However, this is not likely to be a significant source of 
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contamination to the offshore area because only a small amount of soil would potentially migrate through 

the wall.  Until 2006, groundwater samples were collected under low-tide conditions at the site.  During 

the data gap investigation in 2006, additional monitoring wells were installed to obtain data from high-tide 

conditions, and samples were collected from the existing wells at low tide and the new wells at high tide.  

Three rounds of samples were collected over a period of 3 days and analyzed for lead in the unfiltered 

and filtered fractions.  The concentrations of lead ranged from less than its detection limit (1.8) to 43 µg/L, 

which would be rapidly reduced to less than the federal Water Quality Criterion for lead (8.2 µg/L) 

following the discharge and mixing of groundwater in the river.  Considering these low concentrations, it is 

unlikely that significant fractions would adhere to sediment particles and settle within the offshore area 

adjacent to Site 10.  

 

Building 178 is located adjacent to MS-12 and is a potential current and historical source of PAH and lead 

contamination to the offshore area.  Past operations in Building 178 included welding, spray painting, lead 

working (melting, cutting, etc.), metal cleaning/polishing, sand blasting, and maintaining and repairing 

naval vessels.  These operations may have been a source of PAHs and/or lead to the offshore area 

(depending upon how materials were handled).  The only documented release was a 0.5-gallon spill of 

non-oil-based paint to the Piscataqua River (Malcolm Pirnie, November 1998).  The floor in the northern 

part of the building is concrete covered with creosote-treated wood blocks, but the wood floor is not likely 

a significant source of PAHs to the offshore area because the wood floor is not covered with water.  The 

greatest concentrations of PAHs in the additional scrutiny sediment samples at MS-12 were found at 

AS12-SD15, located inside Building 178, which suggests Building 178 being a potential current source of 

PAHs to the offshore area.     

 

Surface water runoff that may contain PAHs and/or lead from paved area discharges to the offshore area 

via overland flow or through the stormwater system, although this runoff is not an IRP-related activity.  A 

portion of the storm water drainage system that ultimately discharges through catch basin AS12-CB02 to 

the offshore area at MS-12 can be seen on Figure 7-1.  Although lead was detected at a concentration of 

401 mg/kg in the catch basin sediment sample, which ultimately discharges to the offshore area near 

MS-12, the source of the lead is not known.  It is within the range of lead concentrations observed in 

background soil samples at PNS as discussed above.  Elevated levels of PAHs were also detected in the 

catch basin sediment sample (see Table 7-3).  The likely source of the PAHs in the catch basin sediment 

is runoff into the storm water system; the runoff may also be the source of lead.    

 

In summary, the potential onshore sources of PAHs and/or lead to the offshore sediment include the 

following: 
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• Past releases from Site 10 (before 1984) and Site 5 (before 1974).  These sites are not current 

sources to the offshore. 

 

• Past operations in Building 178, which may be a historical source of PAHs and/or lead to the offshore 

area. 

 

• Sediment in Building 178, which may be a current source of PAHs to the offshore area.  

 

• Storm water runoff, which may be a current and/or historical source of PAHs and/or lead to the 

offshore area.  However, stormwater is typically not considered to be an IRP source of contamination. 

 

7.5.3 PAH/Lead Concentration Trends  

Question: Are concentrations of PAHs and/or lead increasing in sediment, which could indicate a current 

source versus a historical source of PAHs and/or lead to the offshore sediment?   

 

The purpose of this task was to determine whether the concentrations of PAHs and/or lead in sediment 

are increasing, which would suggest a continuing source of PAHs and/or lead to the offshore area, even if 

the source has not been identified.  Concentration plots were for MS-12 for acenaphthylene, anthracene, 

fluorene, HMW PAHs and lead using non-normalized data from all three station locations at MS-12 were 

prepared and are provided in Appendix C.4.  Table 7-2 presents the analytical results.   

 

Concentrations of PAHs exceeded their PRGs in all rounds at one or more locations. MS-12, Loc. 1, in 

the intertidal area, had the greatest concentrations of PAHs and lead.  Of the two subtidal samples, 

MS-12, Loc. 2 generally had greater concentrations of PAHs and MS-12, Loc. 3 generally had greater 

concentrations of lead. 

 

Concentrations of lead exceeded the ER-M at one or more locations in all rounds except Round 1.  Most 

of the lead concentrations at MS-12, Loc. 1 exceeded the ER-M, whereas at MS-12, Loc. 2 and MS-12, 

Loc. 3 (both of which are in the subtidal eelgrass beds), most lead concentrations were less than the 

ER-M. 

 

Several additional evaluations were conducted to determine whether PAH concentrations in sediment at 

MS-12 are actually increasing.  The PAH data were first normalized to TOC as described in Section 3.0, 

and plots were generated using the normalized data (see Appendix C.4).  The rationale for normalizing 

the data is described in Section 3.0.  As can be seen from the plots, although the ranges of 

concentrations for each round generally decreased, an overall increasing trend was still apparent.  

110609/P 7-8 CTO 023 



  REVISION 0 
  AUGUST 2007 

Therefore, the increasing trend is not related to variations in TOC concentrations in the sediment 

collected during different rounds.  

 

Concentration plots were then generated for each of the three individual locations at MS-12 to determine 

whether one of the locations was responsible for the overall increasing trend (see Appendix C.4).  The 

plots included data from the additional scrutiny sample that was located closest to the Interim Offshore 

Monitoring Program station location.  For MS-12, Loc. 1, data from AS12-SD09 were used; for MS-12, 

Loc. 2, data from AS12-SD05 were used (analyzed for lead only); and for MS-12, Loc. 3, data from 

AS12-SD07 were used.  The additional scrutiny data were also added to the concentration plot that 

included all three locations.  The following presents the evaluations for lead and each of the PAHs that 

were plotted. 

 

7.5.3.1 Lead Plots 

• Rounds 1 and 2 had slightly lower lead concentrations than Rounds 3 through 7 at all three locations 

at MS-12.   

 

• With the exception of the lead detection at MS-12, Loc. 3 during Round 7,, the data appear to be 

more scattered than actually increasing.  This is further supported by the results of the lead 

concentrations in the additional scrutiny samples near MS-12, Loc. 1 and 2, which were lower than 

the concentrations for most of the previous rounds.   

 

• Concentrations at MS-12, Loc. 1 and MS-12, Loc. 2 are relatively constant across the sampling 

period; an increasing trend is not apparent (see Appendix C.4).   

 

• At MS-12, Loc. 3, the Round 7 and additional scrutiny samples had similar lead concentrations 

(555 mg/kg and 535 mg/kg, respectively), which were greater than twice the concentrations from 

Rounds 1 through 6.  The additional scrutiny sample (AS12-SD07) result was 297 mg/kg in the 

original sample and 768 mg/kg in the duplicate sample.  Some variability in the data may be due to a 

barge being removed from Building 178 in 2000 or 2001; therefore, it is not known whether the 

concentration of lead is actually increasing at MS-12, Loc. 3.  

 

7.5.3.2 PAH Plots 

• The additional scrutiny samples adjacent to MS-12, Loc. 1 and MS-12, Loc. 3 were analyzed for 

PAHs.  The PAH results from the additional scrutiny sample near MS-12, Loc. 1 were within the range 

of the PAH results for Rounds 1 through 5 but were lower than the PAH results for Rounds 6 and 7.  

The PAH results from the additional scrutiny sample near MS-12, Loc. 3 were lower or generally 
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similar to the PAH results for Rounds 1 through 7.  Therefore, the data for MS-12, Locs. 1 and 3 

appear to be more scattered than increasing.   

 

• The additional scrutiny sediment sample at MS-12, Loc. 2 was not analyzed for PAHs, so only the 

Rounds 1 through 7 data are included in the concentration plots.  With the exception of Round 1, 

which had the lowest PAH concentrations, the PAH concentrations for Rounds 2 through 7 were 

relatively consistent.  Therefore, the concentrations at MS-12, Loc. 2 do not appear to be increasing.   

 

Table 7-3 presents the field duplicate data for the PAHs with IRGs and lead to determine whether the 

variability in the data across rounds may be attributable to the heterogeneity of the sediment.  Duplicate 

samples were collected from MS-12, Loc. 2 during Rounds 2 through 7 and from MS-12, Loc. 3 during 

Rounds 1 and 2.  For PAHs and lead, there was generally good agreement between the duplicate pairs, 

indicating that it is not likely that the heterogeneity of the sediment is responsible for the variability in data 

across rounds.  However, the greatest variability in the data was observed at MS-12, Loc.1, where 

duplicate data were not collected.   

 

In summary, lead concentrations do not appear to be increasing at MS-12, Locs. 1 and 2.  Because of the 

variability in the data, it is not known whether the concentration of lead is actually increasing at MS-12, 

Loc. 3.  The concentrations of PAHs do not appear to be increasing at any of the three locations at 

MS-12.  The data appear to be more scattered than actually increasing.  Therefore, this evaluation 

indicates that there is not likely a current source of lead at MS-12, Loc. 1 or 2, but it cannot be determined 

whether there is a current source of lead at MS-12, Loc. 3 based on this line-of-evidence.  Also, there is 

not likely a current source of PAHs at any of the three locations at MS-12 based on this line-of-evidence. 

 

7.5.4 Forensics Analysis of PAHs 

Question: Does the forensics analysis indicate that the source signatures of PAHs in sediment at MS-12 

are different than the signature of typical urban runoff, which could indicate a site-related source of the 

PAHs? 

 

Section 2.3 describes the general aspects of the PAH forensics analysis that was conducted for the 

additional scrutiny.  This section presents the PAH forensics analysis that was conducted for the 

additional scrutiny at MS-12 to determine whether the source signatures of PAHs in sediment at MS-12 

are different than the signature of typical urban runoff.  Table 2-4 presents a brief rationale for which 

samples were selected for the full PAH forensics analysis.  Table 7-1 presents the analyses that were 

conducted for each sample.  Table 7-2 presents the MS-12 data and the additional scrutiny data.  

Figures 7-3 through 7-6 show the PAH concentrations for each of the samples included in this evaluation.  

The range of concentrations from Rounds 1 through 7 is presented on the figures for each of the three 
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interim offshore monitoring station locations at MS-12.  The samples collected for the PAH forensics 

evaluation are described below.   

 

• Sediment samples AS12-SD-SD01 and AS12-SD-SD14 were collected outside of the potential area 

of influence at MS-12 and are considered nearby reference sample locations.  Both samples were 

analyzed for TPH but only AS12-SD-SD01 was selected for full PAH forensics analysis. 

   

• Sediment samples AS12-SD-SD02, -SD04, -SD05, -SD07, -SD09, and -SD10 were collected to 

obtain better spatial coverage for PAHs.  All six samples were analyzed for TPH, but only 

AS12-SD-SD02, -SD07, and -SD09 were selected for full PAH forensics analysis.    

 

• Sediment samples AS12-SD-SD15 and AS12-SD-SD16 were collected from within Building 178 in an 

area that is covered with water during high tide.  Both samples were selected for full PAH forensics 

analysis.   

 

One catch basin sediment sample was collected at AS12-CB02, which collects storm water runoff from 

paved areas, most of which are not associated with Site 10 (see Figure 7-1).  The sediment sample from 

AS12-CB02 was analyzed for full PAH forensics.   

 

Appendix B.2 presents the PAH forensics analysis report.  The report concluded that the composition of 

PAHs in the sediment sample at AS12-SD15, which was located inside Building 178, did not resemble the 

reference area sediments.  The location of the sample suggested that the PAHs were possibly related to 

historical shipbuilding operations or the materials used to construct the building (e.g., roof shingles and 

tar paper).  The sediment samples at AS12-SD02 and -SD09 contained a mixture of PAHs from 

AS12-SD15 and those found in ambient background samples.  Finally, the PAHs in the sediment samples 

at AS12-SD01, -SD07, and -SD16 were primarily associated with those found in ambient background 

samples, with minor contributions from PAHs associated with the AS12-SD15 area. 

 

7.5.5 Microscopic Analysis 

Question: Does the microscopic analysis of sediment indicate the presence of visible signs of debris 

(e.g., metals, blast grit) that could be the source of the PAHs and/or metals? 

 

One sediment sample (AS12-SD-SD09) was selected for microscopic analysis because it had relatively 

high concentrations of TPH, and it was located close to Building 178 where the density of debris, such as 

metals and blast grit, was expected to be greatest.  Appendix B.3 contains a copy of the microscopic 

analysis report.  The results of the microscopic analysis are discussed in the PAH forensics analysis 

report.  In summary, the amount of glass slag, coal, and coke in the sediment sample is typical for 
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sediments in industrial areas, so it does not appear that the visible signs of debris were responsible for 

the elevated levels of PAHs or lead in the sediment. 

 

7.6 CONCLUSIONS 

Various lines of evidence were used to evaluate the objectives.  Based on these lines of evidence, the 

following conclusions were made: 

 

• The location and PAH composition of one sediment sample inside Building 178 suggest that the 

PAHs were possibly related to historical shipbuilding operations or the materials used to construct the 

building (e.g., roof shingles and tar paper).    

 

• The source of PAHs in the offshore area appears to be a mixture of PAHs from historical shipbuilding 

operations in Building 178, materials used to construct the building, and ambient background.  These 

are not IRP sources. 

 

• Sites 5 and 10 are historical sources of lead to the offshore area and impacts are apparent at one 

sediment location.   

 

• Sites 5 and 10 are not current sources of lead to the offshore.  Industrial waste discharges as part of 

Site 5 were discontinued by 1974.  Investigation of groundwater at Site 10 shows that it is not a 

current source of lead to the offshore area. 

 

As part of the development of PRGs for OU4, whole sediment and pore water sediment toxicity tests were 

conducted on sediment samples collected from MS-12, Locs. 1 and 2 (TtNUS, November 2001).  No 

significant toxicity was observed in amphipod survival in either the whole sediment toxicity tests or sea 

urchin larval development in the pore water toxicity tests.  Also, a large amount of biota was observed in 

or on the sediment at MS-12 during the interim offshore monitoring including mussels, snails, starfish, 

periwinkles, eelgrass, clam worms, and red worms.  Therefore, even though chemical concentrations 

were greater than the base-wide IRGs (or twice the ER-M for lead) at MS-12, the concentrations do not 

appear to be significantly impacting the biota. 

 

7.7 RECOMMENDATIONS 

Based on discussion at the April 26, 2007 technical meeting (see Appendix D), it was agreed that 

additional data are needed to determine the extent of PAH and lead contamination in sediment at MS-12.  

The following are the specific recommendations for MS-12 based on the technical meeting: 
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• Additional sediment sampling is needed to determine whether sediment is present in the area within 

15 feet of the drop-off of the ramp by Building 178 in the main channel of the Piscataqua River.  It is 

recommended that approximately five grab samples at 3 to 5 locations at the drop-off of the ramp be 

attempted to determine whether any sediment can be recovered.  The approximate location of this 

drop-off will also be determined. 

 

• Additional surficial and subsurface sediment sampling inside and outside Building 178 is needed to 

better define the vertical and horizontal extent of contamination and to estimate the volume of 

contaminated sediment in this area.  The accessibility of sediment inside Building 178 also will be 

determined for potential removal. 

 

• The eelgrass bed at MS-12 may be a significant habitat.  It is recommended that the size and extent 

of the eelgrass bed be mapped and the PAH concentrations in the sediment within the eelgrass bed 

be determined to better evaluate whether a removal action is warranted for sediment in the eelgrass 

bed. 
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8.0  CONCLUSIONS AND RECOMMENDATIONS 

This section of the report presents a summary of the conclusions from the report for each monitoring 

station.  Several lines of evidence were used to answer questions that were posed to address the 

objectives of additional scrutiny at each monitoring station.  The objectives of additional scrutiny, the 

questions that were posed, the tasks completed to answer the questions, a summary of the results, and 

overall conclusions and recommendations for each objective are presented in Table 8-1 (for MS-01), 

Table 8-2 (for MS-05 and MS-09), Table 8-3 (for MS-11), and Table 8-4 (for MS-12).  The following 

sections briefly present the objectives, conclusions, and recommendations for each monitoring station.  

Refer to Sections 4 through 7 and Tables 8-1 through 8-4 for more details.   

 

8.1  ADDITIONAL SCRUTINY FOR MS-01 

The primary objectives of the additional scrutiny at MS-01 were to: 

 

• Determine whether Site 34 is a primary source of PAHs in the offshore sediment at MS-01.   

• Determine whether past pesticide rinsing operations associated with Site 34 were a primary source of 

4,4’-DDT in the offshore sediment at MS-01.   

 

Based on several lines of evidence, the following conclusions were made: 

 

• A limited area of contamination near AS01-SD03 may be related to past sources of PAHs from 

Site 34. 

 

• Based on the available data, it cannot be determined whether past pesticide rinsing operations 

associated with Site 34 were clearly a primary source of 4,4’-DDT in the sediment at MS-01.  

However, the more likely source of 4,4’-DDT is erosion of soil containing 4,4’-DDT as a result of past 

pesticide spraying activities at the site.  

 

Based on the conclusions, additional data are needed to understand the substrate and possibly 

determine the extent of PAH contamination in sediment at MS-01. The specific recommendations are: 

• Continue the investigation in a phased approach and determine whether sufficient sediment is 

present in MS-01 to warrant the consideration of a removal action.  If it is determined that there is a 

significant amount of sediment, sediment samples for PAH analysis could be collected as part of the 

RI for Site 34 or as part of an OU4 investigation. 
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• An evaluation should be conducted to determine which method, or combination of methods, can be 

used to better understand the substrate of the river bottom.  The method or combination of methods 

should be implemented as part of a second phase of additional scrutiny sampling to determine the 

amount of sediment present at the site. 
 
The Navy is conducting a removal action for the soil/ash at Site 34 that is considered a future potential 

source to the offshore.  A removal action for sediment based on pesticides is not recommended. 

 

8.2  ADDITIONAL SCRUTINY FOR MS-05 AND MS-09 

The primary objectives of the additional scrutiny at MS-05 and MS-09 were to: 

 

• Determine the extent of copper and nickel concentrations in the sediment that are greater than their 

IRGs at MS-05 and MS-09. 

 

• Determine the extent of lead concentrations in the sediment that are greater than the ER-M (and 

twice the ER-M) at MS-05. 

 

• Determine the extent of acenaphthylene, anthracene, fluorene, and HMW PAHs concentrations in the 

sediment that are greater than their IRGs at MS-09.   

 

Based on several lines of evidence, the following conclusions were made: 

 

• At MS-05, the area with copper concentrations greater than the IRG and lead concentrations greater 

than twice the ER-M is less than 25 feet by 50 feet (0.03 acre).  The area with lead concentrations 

greater than the ER-M is less than 50 feet by 300 feet (0.3 acre).  No samples had nickel 

concentrations that exceeded its IRG.   

 

• At MS-09, the area with copper, nickel, and flourene concentrations greater than their respective 

IRGs is likely less than 50 feet by 200 feet (0.2 acres).  The concentrations of HWM PAHs slightly 

exceeded its IRG at three locations along the shoreline.  The approximate size of the area with 

elevated HMW PAH concentrations cannot be easily determined, but it is not likely that sediment with 

concentrations greater than the IRG extend very far from the shoreline.  No samples had 

acenaphthylene or anthracene concentrations that exceeded their IRGs.   

 

Based on the conclusions, during Round 9 of the Interim Offshore Monitoring Program several sampling 

locations will be moved to better cover the area at and near IRG or ER-M exceedances.  The Navy will 
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provide a technical memorandum providing the proposed new locations.  After the OU3 OM&M data for 

the first rounds of monitoring are evaluated, it is recommended that MS-05, MS-08, and MS-09 be 

removed from the Interim Offshore Monitoring Program and to include the OU3 offshore area in the OU3 

OM&M program.  A removal action for sediment is not recommended at this time for MS-05 or MS-09. 

 

8.3  ADDITIONAL SCRUTINY FOR MS-11 

The primary objective of the additional scrutiny at MS-11 is to determine whether OU2 is clearly the 

primary source of metals at MS-11.  Based on several lines of evidence, it was concluded that metals 

found in soil from OU2 appear to be the likely source of the elevated levels of metals observed in the 

sediment at MS-11, Loc. 3.  Subsequently, the Navy placed shoreline controls along the eroding area in 

2005 and 2006. 

 

Additional sediment sampling is not recommended because there is only a small amount of sediment at 

this monitoring station and because erosion controls were placed along the shoreline.  Also, a removal 

action for sediment is not recommended because there is only a small amount of sediment.  Further 

evaluation and/or inspection of the erosion controls will be conducted as part of the remedial activities for 

OU2. 

 

8.4  ADDITIONAL SCRUTINY FOR MS-12 

The primary objective of the additional scrutiny at MS-12 is to determine whether a current or historical 

IRP site is the source of PAHs and/or lead in the sediment. 

 

Based on several lines of evidence, the following conclusions were made: 

 

• The location and PAH composition of one sediment sample inside Building 178 suggest that the 

PAHs were possibly related to historical shipbuilding operations or the materials used to construct the 

building (e.g., roof shingles and tar paper).    

 

• The source of PAHs in the offshore area appears to be a mixture of PAHs from historical shipbuilding 

operations in Building 178, materials used to construct the building, and ambient background.  These 

are not IRP sources. 

 

• Sites 5 and 10 are historical sources of lead to the offshore area and impacts are apparent at one 

sediment location.   
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• Sites 5 and 10 are not current sources of lead to the offshore.  Industrial waste discharges as part of 

Site 5 were discontinued by 1974.  Investigation of groundwater at Site 10 shows that it is not a 

current source of lead to the offshore area. 

 

Based on the conclusions, additional data are needed to determine the extent of PAH and lead 

contamination in sediment at MS-12.  The following are the specific recommendations for MS-12: 

• Additional sediment sampling is needed to determine whether sediment is present in the area within 

15 feet of the drop-off of the ramp by Building 178 in the main channel of the Piscataqua River.  It is 

recommended that approximately five grab samples at 3 to 5 locations at the drop-off of the ramp be 

attempted to determine whether any sediment can be recovered.  The approximate location of this 

drop-off will also be determined. 

 

• Additional surficial and subsurface sediment sampling inside and outside Building 178 is needed to 

better define the vertical and horizontal extent of contamination and to estimate the volume of 

contaminated sediment in this area.  The accessibility of sediment inside Building 178 also will be 

determined for potential removal. 

 

• The eelgrass bed at MS-12 may be a significant habitat.  It is recommended that the size and extent 

of the eelgrass bed be mapped and the PAH concentrations in the sediment within the eelgrass bed 

be determined to better evaluate whether a removal action is warranted for sediment in the eelgrass 

bed. 
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The Navy conducted a PAH forensics analysis of sediments collected around the Portsmouth Naval
Shipyard (PNS) in Kittery, ME. The objective of this study was to assess the potential sediment impacts
of polycyclic aromatic hydrocarbons (PAHs) from historical PNS operations associated with current
Installation Restoration (IR) sites. It was designed to determine if specific activities at PNSconstituted a
significant source of PAHs in proximal sediments. This study compared the concentrations and
compositions of hydrocarbon residues in samples from suspected candidate source areas and proximal
sediments in the AS01 aM AS12 study areas. Sediment data from the PNS study area were also
compared with sediments from local Reference Areas and selected petroleum and tar Reference
Materials.

In order to address the project objectives, advanced chemical (high resolution hydroearbonfingerprints,
alkylated PAHs, and biomarker fingerprints) and physical (organic petrology) analyses were performed on
26 site and 7 reference material samples. The results from each testing method.contribute lines of
evidence that work collectively towards understanding. the origin. ofPAHs in the environment. The
organic petrology results provide macroscopic information about the types of particles (e.g., coal, coke, .
wood, sediment, slag, and others) at percentage levels in each sample. The environmental forensic
chemistry methods are designed' to detect organic residues of fossil fuels, combustion byproducts. and
biogenic materials at paris per million (ppm) and parts per billion (ppb) levels. The high resolution
hydrocarbon fingerprint is a more general technique for getting the "big picture"; i.e., what are the
dominant hydrocarbons present in the sample. The PAR method is a more sensitive technique that
comprehensively describes the specific PAH assemblage and thermal signatures for source identifICation

.purposes. The saturatetingerprints purify the features of fossil fuels and help demonstrate weathering
processes. The biomarkers are very recalcitrant compounds that demonstrate the presence and source
signature of heavy petroleum and coal material. .

The results of these analyses revealed the dominant presence of typical urban background PAHs in the
sediments around PNS. like the sediments around PNS, large studies ofbackground sediments reveal
the ubiquitous presence of heavy biodegraded-petroleum, PAH pattems dominated by pyrogenic 4- to 6
ring compounds, and variable levels of plant waxes (Stout, et ai, 2004). The pyrogenic PAHs were likely
derived from soot and similar materials. Weathered heavy and diesel range petroleums were also
observed in the Reference Area Samples and attributed to chronic releases of marine diesel and storm

.water discharges from non-point sources around this urban water body~ These degraded petroleum
signatures have also been observed in Reference Areas of other environmental assessments (Emsbo
Mattingly, 2006).

Based on the information collected at Site 34 and the AS01 study area, the ash may have affected one
sediment sampling location. Samples from nearby sediment sampling locations displayed different
chemical fingerprints (not derived from ash) similar to the catch basin and Reference Area sediment
samples. .

The AS12 sediments contained the highest levels of pyrogenic PAHs inside Building 178 near the
western side of the boat launch area that overhangs the intertidal shoreline. The PAH COncentrations
decreased rapidly in the sediment samples collected near the eastern side of the boat launch and outside
Building 178. The composition of the PAHs in these samples was distinct from Reference Area
sediments and proximal storm sewer sediments. Samples collecte9 at more distant locations from
Building 178 contained lower PAH concentrations with PAH signatures that more closely resembled the
Reference Area sediments.
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Portsmouth Naval Shipyard (PNS) is located on Seavey Island in the tidally influenced region of the lower
Piscataqua River between Kittery, Maine and Portsmouth, New Hampshire (Figure 1). This section of the
watershed receives drainage from population centers at Kittery, ME; Portsmouth, NH; and others. It also
serves as a significant source of maritime industrY and traffic. Previous environmental investigations
revealed elevated levels of polycyclic aromatic hydrocarbons (PAHs) in some sediment samples collected
near PNS. However, the complex nature of likely hydrocarbon inputs (e.g., chronic fuel spills, combustion
byproducts, roadway runoff, andsoot debris) prevented a clear identification of contaminants (e.g., PAHs)
that could arise from many sources using the existing data.

This study was conducted to determine the origins of PAHs using specialized analytical methods capable,
of measuring a large list ofdiagnostic analytes over a wide concentration rangEr. The results of these
analyses provide lines of evidence for determining the degree of similarity among samples in source,
nearshore, and reference areas.

Several reference locations were selected up and down river from PNS (Figure 2). Some of the reference
.area samples were collected at the same locations as the reference samples for the interim offshore
monitoring program. These locations represent the collective input from hon-PNS sources.

The additional scrutiny investigation included two forensic study areasto evaluate t~e origins of PAHs in
the offshore sediment at monitoring stations MS-01 and MS-12. The firststudy area (AS01) includes the
offshore area at and adjacent to M5-01 and the onshore area at Site 34 (Figure 3). AS01 included an
ash deposit next to Building 62 where gas was manufactured from petroleum oil. It also included an ash
deposit along the shoreline bank between the road and the Piscataqua River. These deposits
presumably contained ash from a former foundry operation and building fire. Two ash sampleswere
collected to more accurately identify this material in the environment. The AS01 investigation also
included sediment samples from a proximal catch basin representing local runoff material that ultimately
discharges to the offshorearea,west of MS-01. The forensic objective for AS01 was to determine
whether the ash is the primary source of PAHs in the offshore sediment.

The second stUdy area (AS12) includes the offshore area at and adjacentto MS-12, the OnshQre area at
.Site 10 (including Building 238}, and the sediment within Building 178 (Figure 4),.· Building 178 was used
historically for the construction and maintenance ofsubmarines. The era of its construction coincided
with the use of building materials impregnated with tar-based preservatives (e.g., tar pitch) that may have

. migrated into the proximal sediments. Building 238 was used for the storage and maintenance of lead
acid batteries. The forensic objective for AS12 was to determine whether a current or historical IRP site
was the source of PAHs in the offshore sediment.
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2. TECHNICAL APPROACH

March 2006

Past data collected as part of the Interim Offshore Monitoring Plan for OU4, demonstrated the presence
of PAHs in the sediments in the AS01 and AS12 study areas. In order to help evaluate the possible
effects of IR related activities on proximal sediments, a sampling strategy that ,incorporated the known
historic and current candidate sources was developed based on the Navy User's Guide for Determining
the Sources of Contaminants in Sediment (Stout et aI., 2003). The historical activities of greatest
environmental concern in study area AS01 were associated with the former gas manufacturing operation,
former blacksmith shop,' and historical building fire that potentially contributed "to ash deposit' outside
Building 62 (Figure 3). The suspected PAH sources at AS12 included potential building materials, former
submarine construction" and past maintenance operations associated with Building 178. Other potential
hydrocarbon sources at AS01 and AS12 include local or regional landside runoff channeled through
storm sewers.

Five reference. area samples were collected to represent the compositional features of amt>ient
background sediments of the Piscataqua River (Figure 2). These sediment samples included ASoo-50
S001, -S002, -S003, -SOO4, and -5005.

The PNS samples were generally selected in the most likely direction of surface runoff from the AS01 and
AS12 structures (Figures 3 and 4). The AS01 samples included:

• Two soil samples (AS01-CP-SS01 and -SS02) from two different ash containing areas next to
Building 62~

• One sediment sample (AS01-CP-CB01) from a catch basin that discharges near, but not at, the
MS01 region of Seavey Island. Note that this SClmple did not receive runoff from Site 34.

• One sediment sample (AS01-50-5001)at the outfall pipe through which sediment from AS01- '
CB01 discharges. ,

• Five sediment samples (AS01-S0-Soo2, -S003, -SOO4, -S005. and -SOO~» immediately offshore
of the ash drainage area.

• One sediment sample (AS01-50-S007) eastof the ash drainage area.

The AS12 samples included:

• One sediment sample (AS12-CP-CB01) from a primary catch basin in the AS12 region of Seavey
Island. This catch basin receives minimal runoff from the paved area at Site 10 because the
'manhole is solid. The catch basin receives most of its runoff from other parts of the shipyard.

• Two sediment samples (AS12-S0-S001 and -S014) in areas thought notto have been affected
by PAH sources associated with Building 178. Sample AS12-SD-S001 was collected near a boat
dock used by shipyard police. ,

• Six offshore sediment samples (AS12-S0~S002, -5004. ':S005, -S007, -S009, and -S010)
located at varying distances from the water side doors of Building 178.

• Two sediment samples (AS12-SD-S015 and -5016) from the intertidal zone located within
Building 178. ," .

Six reference standards were added to the analytical batch for comparison purposes. ,These included
asphalt, coal tar, and fuel oils (#2, #4, and #6). Additional data from an independent survey of pavement
types were also,added for comparison purposes. These reference samples were added to the analysis to
help recognize the presence of these materials if present in the field samples.

The samples from the Reference Areas, AS01 and AS12 were analyzed in a tiered fashion (Figure 5).
Initially, high resolution hydrocarbon fingerpnnts were generated 'for all TPH samples. These data were
reviewedto remove samples that possessed similar compositional features before more advanced testing
methods were conducted. Additional discussion of the sample selection can be found in TtNUS (2006).
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3. ANALYTICALMETHODS
The samples were prep~red and analyzed in accordance with published methods (Emsbo-Mattingly et al.•
2003; Stout et al.: 2003; Stout et al., 2002). The samples were analyzed by several methods in order to
provide a detailed description of hydrocarbons with a broad molecular weight range. In general, the high
resolution' hydrocarbons fingerprint painted a broad-brush picture of the dominant extractable
hydrocarbons types while the mass spectrophotometric methods provided more detailed and purified
profiles of the tar and petroleum products (Emsbo-Mattingly et al.,· 2003; Stout et al., 2002). We used
these data collectively to characterize the types of hydrocarbon materials in the study samples.

3.1 Sample Collection and .Shipp.ing
The field team collected 2 soil, 24 sediment, and three blind duplicate sediment samples in August of

. 2005 (Table 1). Surficial sediment samples were collected from the 0" to 4" interval wjth agrab or spoon
sampler. The depth interval was selected by Navy to be consistent with the depth of the sediment
samples collected as part of the interim offshore monitoring program (TtNUS, 2005).

.The field samples were shipped via overnight courier and received between 2°C and 6°C at the Alpha
Woods Hole Laboratoiy (AWHL) in Raynham, Massachusetts. The samples were received by the
laboratory on August 25,2005 (Table 1). One sample (AS01-SD-S003) had cracked a lid upon receipt.
The secondary packaging assured that the sample integrity was not compromised. The lid was replaced
by the laboratory. Other information related to chain of custody and sample receipt was provided at the
end of the laboratory reports (Attachment G). .

The Reference Material samples w~e acquired from different sources. The petroleum fuels and coal tar
oil were purchased from auth.entic manufactures of environmental standards or from petroleum
distributors directly. Motor oils were collected from personal vehicles owned by staff at NewFields. Crude
oil and pavement samples were collected as part of other independent environmental investigations.

The sample 10's were abbreviated when necessary to simplify the tables and ftgures used for data
presentation (Table 1).

~.2Sample Preparation
Samples were mixed thc:>roughly at the beginning of the sample preparation. An aliquot of each sediment
sample (30 gwet weight) was fortified with surrog(!tes, dried with sodium sulfate and serially shake
extracted with dichloromethan~(DCM). The sample extracts were concentrated by Kudema-Danish and
nitrogen blow down techniques. Sulfur and polar interferences were removed with a copper powder and
alumina. respectively. The sample extracts and diluents were split prior to analysis. The extracts were
fortified with internal standards and submitted for GC/FID and GC/MS/SIM analyses (described below).

3.3 .High Resolution Hydrocarbon Fingerprint and TPH
The sample extracts were analyzed. using a high':'resolutioh gas chromatograph equipped with a flame
ionization detector (GC/FIO).. High resolution GC/FIDfingerprints Were generated over a broad carbon
range (approximately n-Cg to n-C40) that provided an overall assessment of the semi-volatile
hydrocarbons present in each sample. These fingerprints provided information on the dominant
extractable hydrocarbons that potentially included pyrogenic. PAHs; petroleum products, and detrital
vegetation; The GC/FIO fingerprints for each field and QC sample were placed in Attachment C. The
hydrocarbon concentrations and fingerprint summaries are summarized in Tables4 and 5. respectively.
The hydrocarbon concentrations reported as Total Extractable Material (TEM) are equivalent to Total
Petroleum Hydrocarbons (TPH).

3.4 Polycyclic Aromatic Hydrocarbons (PAHs)
The sample extracts were also analyzed using'a. high-resolution gas chromatograph equipped with a
mass spectrometer operated in the selected ion monitoring'mode (GCIMS/SIM). The instrument was
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calibrated to allow for quantification of a broad range of 2- through 6-ring PAHs, selected alkylated PAH
homologues, selected sulfur-containing compounds (dibenzothiophenes), and other compounds useful for
the identification of hydrocarbon sources in the environment. Table '2 presented an inventory of the target
compounds along with abbreviations used in selected figures of this report. The acronym EPAPAH was
used in the discussion in reference to the sum of the 16 individual EPA Priority Pollutant PAH compounds
(Table 2). Similarly, the acronym TPAHrefers to the sum of all forty-three PAHs used for the forensic
analysis of PAH patterns. Collectively, the concentrations of these target compounds helped qualitatively
and quantitatively compare the Study Area samples. The concentrations of PAHs in solid samples were
reported in dry weight units. As part of the diSCussion, PAH histograms were constructed to summarize
the most significant compositional features (Attachment D) (Figure 8).

3.5 Saturated Hydrocarbon Fingerprints and Triterpcme Biomarkers
Environmental forensic. investigators have demonstrated that the presence and/or pattern of biomarkers
reveal important information about the specific source(s} ofpetrogenic residues in the environment; e.g.,
petroleuin or coal (Stout et al., 2002). Many of these compounds are recalcitrant or degrade predictably
in the environment such that specific assemblages of these compounds definitively identify fossil fuels
even when these materials have weathered significantly..

Sample extracts analyzed for saturated hydrocarbons and biomarkers were injected into a GC/MS/SIM
instrument. Saturated hydrocarbon fingerprints were generated from this analysis (Attachment E). These
fingerprints helped identify the types of petroleum products in the sample. In addition, the laboratory
generated triterpane fingerprints(Attachment F}. The relative abundances diagnostic biomarkers helped
identify different origins of heavy fossil fuel.

3.6 Organic Petrology
Organic petrographic analysis was used to determine the relative abundances of selected particle types.
Samples were prepared using well published organic petrology methods (Stach et al. 1982): Dried
samples were crushed and embedded in a rnonomericsynthetic resin pellet that was ground and
polished. The samples. were examined using a leitzreflected light microscope to identify the particle
types described in Table 4. Percent compositions were based on 200 randomly selected sample
locations on the pellet surface. Samples containing coal were analyzed for vitrinite reflectance to refine
the coalclassification.

3.7 Visual Presentation of Data
This investigation generated a substantial quantity of chemistry~ata, both chromatographic and
numerical. In order to present this data in a meaningful manner, we lised a variety of visual and graphical
techniques to display and explain the most significant features. largely. we reJied upon four methods of
data visualization in this report. These include: .

• Gas Chromatograms presented the raw output from analytical instruments used to characterize
the hydrocarbon distributions (Attachments C, E, and F) (Rgures 7, 10, and 11).

• Histograms for graphically comparing detail~ PAH data (Attachment D) (Figure 8).
• Principal Component Analysis Plots using multidimensional statistics to' ascertain similarities or

differences in chemical composition among samples (Figure 9).
• Whenever possible, color coding and symbols were used to illustrate the most relevant

compositional features.

When appropriate, Reference Material samples were added to the figures for comparison purposes..
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4. RESULTS AND DISCUSSION
The results and discussion section was divided into method-specific sections according to the logical.
progression of analysis. This section opens with an assessment of the quality control data. The following
tiered analysis (Figure 5) was based on published protocols for the forensic interpretation of hydrocarbon
signatures in the environment(Stout et aI., 2002). Tier 1 included a discussion ofthe major hydrocarbon
patterns evident in the field samples using high resolution hydrocarbon fingerprints (GC/FID).
Subsequent tiers of analysis revealed isolated signatures of selected aromatic and saturated hydrocarbon
assemblages. Tier 2 focused on the complex mixtures of PAHs and proved most useful for identifying the
presence of combustiOn and tar residues. Tier 3 focused on the saturated hydrocarbons and biomarkers
that helped identify. the petroleum and coal residues. This study. also included the results of ancillary
methods, like organic petrology, that described the types of particles observed in selected sediment
samples. Collectively, the multiple lines of evidence developed in this report were drawn together in the
subsequent summary section. . .

4.1 Quality Control Assessment
All of the analytical data generated in 2005 were carefully reviewed and evaluated before any forensic
evaluation was conducted. These quality control (QC) data demonstrated a high degree of precision;
accuracy, representativeness, comparability, and sensitivity with respect to the project work plan (TtNUS,
2005). A summary of this assessment follows.

The methods used to generate.the forensic data evaluated in this report had a nominal detection limit for
PAHs in sediment around 1 uglkg. These limits were sufficiently low to measure PAH concentrations and
evaluate hydrocarbon patterns in ambient baCkground sediment conditions. In addition, the methods
were more than adequate to detect strong hydrocarbon signatures·.in ambient background samples. In
this. way, the hydrocarbon patterns in source, site, and reference samples were reliably identified,
compared, and quantified within the calibration range of the methods. The trace level techniques used for
.the generation of these forensic data produced fewer norl-detected analytes and, thereby minimized the
uncertainty of the forensic interpretation of hydrocarbon signature pattems.

AdditionClI QC· data further demonstrated the minimal uncertainty associated with. these forensic data.
The method blanks.contained low levels of PAHs that indicated the absence of bias associated with false
positives; thus, these samples represented the field conditions from which they were collected. The·
laboratory control sample .and surrogate spike recoveries fell within the applicable QC limits for accuracy.
No bias associated with hydrocarbons in the n-Cg to n-C40 range (including 2- to 6-ring PAHs) was evident
that would adversely affect the identification of middle to heavy range petroleum or pyrogenic materials.

Despite particulate homogenization in the laboratory, the sample duplicates from AS12-SD-SD16
presented a high degree of variability. By contrast, the surrogates in the same samples exhibited a high
degree of precision and indicated that the cause ·of variability was sample matrix heterogeneity and not
the lab9ratory procedure. . Independent check standards contained target analytes from a source
independent of the· calibration standards and verified the high degree of measurement accuracy. Finally,
reference crude oil samples established that the alkylated PAHs were measured precisely and accurately
relative to years of historical performance. Collectively, these data demonstrated that the methods used
in this project were comparable and .sufficient for forensic interpretation. .

4.2 General Chemical Features
Hydrocarbons belong to a diverse group of chemicals with many natural and anthropogenic (man made)
sources. This study employed multiple methods designed to measure different classes of hydrocarbons.
By .comparing trends in ~hese data among samples collected from several study areas, important
associations can be rnadebetweenPAHs and other hydrocarbons. These associations help establish
multiple lines of evidence that serve as a basis for identifying the origins of one or more hydrocarbon
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classes, e.g., PAHs. The aggregated sample results for the following discussion are presented in Table
3.

The EPAPAHs do not possessalkylatedside chains (Table 2). They are present at low concentrations in
petroleum and natural materials relative to combustion byproducts. The summation of EPAPAH
concentrations served as a general measure of pyrogenic PAHs. The concentration of total EPAPAHs
helped evaluate changes in PAH concentrations attributed to tar and combustion residues in comparison
with other general parameters measured in this study. By contrast, TOC was an analytical parameter that
included several classes of non-volatile hydrocarbons (petroleumfuels, tar, soot. and biogenic materials
including plants, animals, and detritus). The concentration of TOC was 20 to 8000 times higher than the
total EPAPAHs which indicated the dominant presence of non-pyrogenic PAHs in all of the field samples.
A comparison of Total EPAPAHs to TOC demonstrated no significant relationship (R2 =0.007); in other
words, large increases in EPAPAH concentrations did not predict increases in TOC concentration (Figure
6a). The lack of a general relationship between TOC and EPAPAHs may reflect varying amounts of plant
matenal (high TOC and low PAH) and biogenic substances (high TOC and low PAH) mixed with
petroleum (proportional levels of TOC and PAHs) or soot (proportional levels of TOC and PAHs).

The concentration ofEPAPAHs and Total Extractable Material (TEM) revealed trends associated with the
change in PAH concentration relative to the cumulative abundances of PAHs, fossil fuels, combustion
byproducts, and plant materials· (all constituents of TEM). Unlike TOC, TEM excludes high molecular
weight (e.g., most soot) and polar organics (e.g., most modem biomass). When the concentrations of
total EPAPAHs and TEM increase or decrease together in a linear fashion, the proportional change in
concentration is consistent with a single source of release.. Deviations from this trend indicate the
presence of hydrocarbons from varying sources. These data demonstrated that samples AS01-So-S001
and-SPO? fell below the levels of pyrogenic PAHs and TEM fQundin the Reference Areas(Figure 6b).
In short, these samples were consistent with regional ambient background conditions. In addition, these
hydrocarbon concentrations were consistent with urban· sedirnents around the coastal· cities across the
United States (TEM ranged from 8 to 2350 mglkg and Total EPAPAHs ranged from 0.008 to 51 mglkg;
Stout et al., 2004). Both catcl'\ basin samples from AS01 and AS12 contained the highest· levels of TEM
among the .study area samples. The saturated hydrocarbon fingerprints discussed below indicated that
this aliphatic (not aromC!tic) material consisted of lubricating oU or asphalt found commonly in roadway
runoff. Two sediment samples from AS01 and all sediments from AS12 contained higher levels of
EPAPAHs with lOOsely affiliated increases inTEMrelative to other study samples indicating the dominant
presence.of pyrogenic PAHs.

The relationship of EPAPAHs and Total PAHs (TPAHs) further refined the evaluation of combustion and
tar derived PAHs by excluding contributions of saturated. hydrocarbOns (Figure 6c). When the total PAH
concentration (parent, alkylated, and diagenetic PAHs) equals the EPAPAH concentration (parent PAHs
only), then the PAH origin is exclusively pyrogenic. When the concentration oftotal PAHsis appreciably
greater than the EPAPAHs, than petrogenicor diagenetic PAHs are present. In other words, the
EPAPAHs represented tar and combustion materials while TPAHs represented tar, combustion,
petroleum, and naturally derived· PAHs. Most of the field· samples in this study fell along a diagonal axis
(see Figure 6c, dashed line representing TPAHs =total EPAPAHs) indicating the presence of· PAHs
largely generated by combustion or carbonization. These data indicated that pyrogenic PAHs were
present to varying degrees in all of the field samples. The samples plotted slightly to the left of the central
diagonal contained greater abundances of petroleum derived PAHs. Samples AS01-S0-8001, AS01
So-S007, aOO AS12-Gp-Ga02 .fell below Reference Area levels and were attributed to ambient.
background. In addition to displaying the presence of pyrogenic PAHs, samples AS01-CP-SS01, AS01
CP-SS02, AS01-SD-S003, and AS01-80-S005 also contained petrogenic or diagenetic PAHs.

.Hopane is a diagnostic compound for hydrocarbons associated with heavy petroleum and coal. The
concentration of EPAPAHs and hopane is correlated when the PAHs are derived primarily from the
petrogenic materials. The lack of correspondence between EPAPAH and hopane concentrations among
the field samples supports the conclusion that heavy petroleum and coal are not the dominant source of
PAHs among field samples (Figure 6d).
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4.3 Dominant Hydrocarbon Signatures
High resolution hydrocarbon fingerprints (GC/FIO) revealed the dominant hydrocarbonpattems in the
en\(ironmental samples. The principal pattems of interest in this study included organic residues of
thermal decomposItion (e.g., soot, creosote, and tar-based asphalt), Petroleum (e.g" diesel. heavy fuel
oil, and petroleum asphalt), ·and coal. These patterns were .identified by characteristic assemblages of
saturated and aromatic hydrocarbons. Examples of petroleum and tar Reference Materials are presented .
in Attachment H to help acquaint the reader with these hydrocarbon signatures.

The ash samples contained a broad unresolved, complex mixture (UCM) indicative of cyclic hydrocarbons
associated with petroleum or coal (Figures 7a and 7b).The dominant resolved peaks above this UCM
consisted of 3- to 6-ring EPAPAHs which were lower in AS01-CP-SS01 than AS01-CP-SS02. Lower
levels of middle weight hydrocarbons possibly indicated the presence ofdiesel fuel oil.

The A~01 catch basin sediment contained a trimodal UCM indicating multiple petroleum types topped
with high levels of normal alkanes indicative of relatively unweathered diesel fuel oil and waXy materials
(Figure 7c). The sediment sample near the outfall of the catch basin drainage system cont~ined

weathered heavy petroleum indicated by late eluting UCM and low levels of PAHs likely derived from
combustion (Figure 7d). The middle distillate and waxy material from the catch basin probably degraded
quickly in the, storm sewer or intertidal sediment environment. Alternatively, samples AS01-CP-CB01 and
AS01-80-S001 represented storm sewer discharges at different points in time. The dominant
hydrOcarbon pattern in samples AS01-S0-S001, -SD02, .;8007 Was similar; i.e., late eluting UCM, low
level PAHs with varying levels of likely biogenic hydrocarbons. By contrast, AS01-S0-S003 (Figure 7e)
contained higher levels of parent PAHs commingled with weathered residual petroleum like that in the
Reference Area samples. Samples AS01-S0~S004, -S005 (Figure 7f), and -5006 were similar and
contained higher levels of parent PAHs plus a second prQininent UCMindicative of more complex
p~troleum origins.. Importantly, the pyrogenic PAHs in these three samples were distinct from the ash'
and other AS01 sediment samples as evidehcedby the low abundance of FLO relative to PYO.

The AS12 ~tch basin sedilllent(Figure 7g) contained a wide rangeUCM indicative of a weathered heavy
petroleum material,'likelube oir or asphalt (AttachmentH). The AS12 sediments also contained the Wide
range UCM: however, these samples also contained significanUy higher levels of parent PAHs (Figures
7h and 7i). The heavy PAHs present in these samples resembled'the heavy tar pitch used. in roadway
pavement(Attachmeilt H, Figure H10) and building materials, like tar paper and tar shingles. Oebris from
one or more of these sources could explain these PAH patterns. Based on the chemistry alone, it was
not possible to determi'1eif the historical shipbuilding or maintenance activities would have generated
PAHs of this kind.'

The ASOO Reference Samples contained :the wide range UeM indicative of weathered heavy petroleum
plus parent PAHs and varying levels of plant waxes (Figures 7j, 7k, and 71). The pyrogenic PAH
assemblages exhibited relative abundances of FLO> PYO and FLO <PYO. Thus. the pyrogenic PAHs in
AS01-SD-S004, -S005, and -S006 were most similar to ambient combustion byproducts.

4.4 Petrogenic and Pyrogenic PAH Patterns
The concentration and· distribution of PAHs provided greater detail and specificity about the type of
petroleum, soot, and plant material in the field sainples. For example, petroleum and most coals posses
a petrogenic PAH pattern consisting of low parent abundance relative to the alkylated PAHs; e.g., CO <
Ct. By contrast, pyrogenic PAHs form during the partial combustioh or pyrolysis of organic matter.· A
pyrogenic PAH pattern exhibits high parent abundance, relative to the ,alkylated PAH; e.g., CO > C1 > C2,
before weathering. Finally, diagenetic PAHs, like retene and perylene, form naturally in sediments
containing specific types of decaying vegetation. The terms petrogenic (from petroleum or coal),
pyrogenic (from combustion or carbonization). and diagenetic (from microbial degradation of plant
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material) are very important because they indicate the presence of PAHs from different sources in this
study. Forensic scientists employ diagnostic concentration patterns and relative abundances to help
identify the presence of PAHs from distinct origins. At the outset, it should also be noted that the PAH
data are more reliable source indicators than the Peak heights used in the simpler hydrocarbon
fingerprinting due, in part, to the potential presence of inteiferences (e.g., QC compounds, phthalates,
halogenated organics, and others) and subtle chromatographic changes (peak widening) that can occur
in the GC/FIO fingerprints. Consequently, we used the more reli()ble PAH data for the definitive
characterization of PAH sources.

The PAH composition cif AS01-CP.;.SS01 illustrated the mixed origin of tlydrocarbons in the ash deposit
(Figure 8a). Petrogenic 2- to 4-ring PAHs established the presence 6fwide hydrocarbon range petroleum
or coal material while the pyrogenic 4- to 6-ring PAHs indicated the presence of partially combusted
organic material. Higher levels of pyrogenic PAHs in AS01-CP-SS02 (Figure 8b) suggested higher
abundances of pyrogenic byproducts. Although the catch basin (Figure 8c) and storm sewer outfall
(Figure 8d) samples contained mixtures of petrogenic and pyrogenic PAHs, important distinctions in the
relative abundances·of diagnostic PAHsindicated that the petrogenic and pyrogenic PAHs from these two
areas were not entirely derived from the same source. For example, the heavy petroleum fraction of
AS01-CP-CB01 contained lower levels of organic sulfur than AS01-S0-S001 (compare the relative levels

. of NBT2 to FP2 in Figures 8c and 8d)..Similarly, the origins of pyrogenic PAHs in AS01-S0-S003 (Figure
8e) were distinct from -S005 (Figure 8f) as evidenced by differences in the abundance of diagnostic
compounds, like FLO relative to PYO. The high abundance of FLO relative to PYO in AS01-S0-SD03
came from a different source than the pyrogenic PAHs in AS01-S0-S005 that possessed a low
abundance of FLO relative to PYO.

The AS12 catch b~sinsediment eontaifled a mixture of petrogenic 2- to 4-ring'PAHs plus pyrogenic 3- to
6-ring PAHs (Figure Bg). The petrogenic PAHs were associated with petroleum and the pyrogenic PAHs
were likely derived from soot. Soot contains large amounts of pyrogenic PAHs with greater than 6-rings
plus lower levels of pyrogenic 4-t06-ring PAHs (Reillyet al.,2000 and Wang et aI., 1999). Sediment'
samples collected near the catch basin outfall (e.g., AS12-SD-SD07, Attachment D) contained distinctly
higher abundances of pyrogenic relative to petrogenic PAHs when compared to the sediment within the
catch basin (Figure 8g). Thus, the pyrogenic PAHs in these sediment samples did not resemble the
storm water runoff exemplified by AS12-CP-CB02. However, the AS12 open water sediment samples
contained similar PAH profiles .among themselves (Figures 8h and Bi) that differed primarily in
concentration (Table 3), This suggested that the pyrogenic PAHs observed in AS12-50-S015 were
dj.Juted with background sediments in the immediate vicinity of Building 178. This pyrogenic 3- to &.-ring
PAH pattern most closely resembled tar pitch, like that used in roadway pavement (Attachment H, Figure
H10), tar paper, and roof shingles. Based on the chemistry alone, it was not possible to determine if the
historical shipbuilding or maintenance activities would have generated PAHs of this kind.

The Reference Area sediments primarily contained pyrogenic PAHs (Figures 8j, 8k, and 81). These
sediments c;llso contained greater concentrations of diagenetic PAHs in the form of retene relative to other
AS01 and AS12 field samples; especially ASOo-SO~S001 (Figure 8j). Lower levels of petrogenic 2- to 4-.
ring PAHs were also present. These signatures were consistent with residues of middle distillates, like
marine diesel, and residual petroleums, like asphalt, that are commonly encountered in urban ambient
backgrouhd sediments (Attachment H). .

Principal Components Analysis' (PCA) was used to compare the PAH compositional features more
qu()ntitatively. PCA was conducted using the AS01, AS12; and Reference Area samples. Factors 1 and

I Principal COmponent Analysis (PCA; Pirouette, Version 3.02, Infometrix, Seattle, WA) is a factor analysis method that generates
new independent variables (i.e. factors) that are linear combinations of the original input variables (e.g.,PAH concentrations). This
method reduces the dimensionality of the data to a few important ·principal components" (axes) that best describe'variations in the

. data. The first axis (1st Pe) demonstrates the most prominent trend and successive axes (2nd PC, 3rd PC, etc.) demonstrate
additional trends in decreasing order of importance. PriOr to PCA, the PAH concentration input data are Iog-transfonned; mean
centered, and variance scaled to reduce the effect of widely varying concentrations between samples and between individual
analytes. Two-ring PAH analytes were omitted due to the influence of weathering. The primary objective of the PCA conducted for
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2 accounted for 72% and 14% of the variability, respectively. As a rule of thumb; samples that plotted
closely together on the PCA scores plots (Figures 9a and 9b) were compositionally similar and the degree
of separation among samples was proportional to the compositional differences. For example, the
Reference Area sediments were compositionally similar to each other as indicated by their grouping in the
lower left comer of Figure 9a. This location on the scores plot (Figure 9a) corresponded to a mixture of
pyrogenic,petrogenic, and diagenetic PAHs on the loadings plot (Figure 9c). Field samples with similar
features included AS01-SD-SD01, AS01-So-SD07, and AS12-SD-CB02 (Figure 9a): By contrast, the
ash samples plotted to.' the upper right of the ReferenCe Area samples indicating distinct combinations of
pyrogenic and petrogenic PAHs. The catch basin sample AS01-CP-CB01 and offshore sample AS01
SD-SD05 plotted closely together indicating similar compositional features; however, it should be noted
that other PCA factors distinguish these two samples based on the relative abundances of FLO and PYO
as discussed previously. The sediment sample AS12-SD-SD15 plotted in the lower right comer of the
scores plot (Figure 9a) which corresponded to a unique composition of pyrogenic PAHs in the loadings
plot (Figure 9c). Other AS12 sedimel(lts plotted at intermediate locations between AS12-SD-SD15 and
the Reference Area samples. The somewhat linear nature of these AS12 samples was consistent with a
hydrodynamically influenced dilution gradient starting near the western portion of the intertidal zona inside
Building 178 where sample AS12-SD-SD15was collected.

A PCA model was. generated using the loading factors of the field samples. Reference materials of
petroleum and tar derived products were added for comparison purposes. These data confirmed that
samples containing petroleum plotted to the upper right of the scores plot (Figure 9b) based on the
dominant presencaof alkylated PAHs (Figure 9c). Similarly, samples with cOal tar plotted to the middle,
right of the scores plot (Figure 9b)based on the dominant presence of pyrogenic PAHs (Fjgure 9c).
Additional samples trom an independent pavement survey (Figure 9b, PAV##) were added to the plot to
demonstrate the diverse, nature Qf petroleum and tar products that can abrade trarri roadways and convey
PAHs to sediments via storm water discharges. It should be noted'that weathered pyrogenic signatures
evident in the samples plotted towards the lower right primarily due to the absence of3:..ring PAHs.

4.5 Fugitive Petroleum and Plant Waxes
,The saturated hydrocarbon fingerprints revealed the purified pr9fi1e of f~sil fuels (e.g., petroleum cmd
coal) and plant waxes with minimal aromatic interferences (e.g., PAHs). As described previOUSly, most of
the sediment samples contained multiple petroleum products mixed with naturally occurring organic
material. This sensitive method employed mass spectroscopy to isolate the saturated hydrocarbon
fraction within these complex mixtures.

The AS01 soil samples contained a wide range of normal alkanes consistent with coal (Figures 10a and
10b). These samples also contained plant waxes jndicated by normal alkanes eluting between n
tricosane (nC23) through n-pentatriacontane (nC3S) with a strong preference for odd carbon numbered
alkanes. The AS01 catch basin sediment contained heavy normal alkanes eluting after n-eicosane (nC20)

indicating the presence of heavy fuel or wax (Figure 10c). It also contained weathered middle distillate
(e.g., diesel fuel oil) and heavy petroleum (e.g., lubricant or asphalt). The catch basin outfall sediment
contained lesser amounts of heavy normal alkanes eluting after n-eicosane (nC20) and weathered middle
distillate likely derived trom the storm sewer system (Figure 1Od). In addition, AS01-5o-SD01 exhibited
plant waxes consistent with ambient background sediment. Sample AS01-So-SD03 contained
weathered middle distillate range hydrocarbons mixed with weathered heavy petroleum and plant waxes
(Figure 10e). Sample AS01-SD-SD05 contained a similar mixture of weathered heavy petroleum and
plant waxes; however, this sample was dominated by a relatively unweathered middle distillate; e.g~,

marine diesel (Figure 10f).

The saturated hydrocarbons in AS12-CP-CB02 predominantly contained plant waxes and weathered
heavy petroleum (Figure 10g). Low levels of weathered diesel range material were evident as middle

this study W;IS to aid in the classification of field samples based on their chemical similarities or differences. without any pre-
, classification as to their naturelsource(s). In this report, the results of a PCA are presented using 2-dimensional factor score and

loading plots.
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distillate range isoprenoid hydrocarbons. By contrast, AS12-SD-SD01 contained higher levels of less
weathered diesel range material and lower levels of weathered heavy range petroleum (Figure 10h).
Relative to AS12-SD-SD01, sample AS12-SD-SD15 (Figure10i) eontained lower levels of plant waxes
·and higher levels of residual range petroleum2 (e.g., heavy fuel oil). .

The Reference Area sediments were predominantly composed of plant waxes with lesser amounts of
weathered residual petroleum (Figures 10j, 10k, and 101). Low levels of biodegraded (i.e., isoprenoid
dominated) diesel range hydrocarbons probably came from chronic releases of marine fuel oil throughout
the region. .

4.6 Genetic Origins of Heavy Hydrocarbons .
Triterpane biomarkers reside in the heavy molecular weight fraction of crude oil and coal. The relative
abundances of specific biomarkers help identify the conditions and region where the crude·oiland coal
were formed (Peters and Moldowan, 1993). The term, genetic signature, refers to the relationship
between the molecular architecture of preserved organic matter to· the organisms and geochemical
.processes controlling or influencing the formation of fossil fuel. Having survived millennia under heated
and pressurized conditions. selected biomarkers (e.g., triterpanes and steranes) resist the degradation
processes that occur in most coastal sediment environments. These biomarkers are capable. of
differentiating the origins of heavy hydrocarbons even when most of the more labile compounds degrade.

Table 3 summarizes the specific assemblage" patterns of triterpane biomarkers that helped ·disting~ish
sources of heavy petroleum or coal in the Study Area. Pattern A was distributed regionally throughout the
Reference Area and in one of the ash samples. Pattern A was recogni~ed by the following features: low

.. levels of triterpanes, Ts = Tm, and NH < H (F'igure 11a). An unidentift!3d biomarker coeluted with one of
the homohopane compoundS. This coeluting biomarker was more abundant than hopane.in AS01-CP
SS02ash sample (Pattern B, Figure 11b). This very high level of the unidentified biomarker was not
repeated in other field samples and indicated a largely stationary hydrocarbon material. Pattern C was
found in the AS01 catch basin and associated outfall (Figure 11c). It consisted of higher levels of
triterparies, Ts < Tm, NH =H, and a homologous series of homohopanes with no unidentified coeluting
biomarkers. Pattern· 0 was widely observed in many sediment samples around AS01 and AS12~ Its
more generic nature was indicated by the observation of Patten D in several Reference Material samples
(Table 3). It was identified by low triterpanes; Ts < Tm, NH < H, and homologous series of homohopanes
with no unidentified coeluting biomarkerS (Figure 11d). The Reference Material of Roadway Pavement
further exemplifies this type of biomarker pattern (Atachment H, Figure H3m).Pattern E was only
observed in the AS1.2 catch basin. It contained low levels of triterpanes, Ts > Tm, NH < H, and
homologous homohopanes with no unidentified coeluting biomarkers (Figure 11e). Heavy hydrocarbons
from this catch basin did not appear to be a primary contributor to proximal sediments. Pattern F was
observed in several Reference Material samples andWss characterized by high triterpanes, Ts < Tm, NH
< H,. and homologotis homohopane with no unidentified coeluting biomarkers (Figure 11f). .

. In summary, .different types of heavy petroleum were observed in the field samples. These results
confirm the presence of heavy residual petroleum evidenced as a late eluting UCM in the high resolution
hydrocarbon fingerprint data discussed previously..

4.7 General Physical Features
Four samples were selected for organic petrology analysis .to determine if the particle types present in
these samples revealed information about origin of sample particulates (Table 4).. Coal; coke, and glass
slag (an anthropogenic material formed at high temperature) comprised a significant portion (ca. 26%,
13%. and 16%, respectively) of the ash sample (AS01-CP-SS01). Minor amounts of wood were also

211 is Important to understan.d that residual range petroleum can contain only trace levels of PAHs. ThU5, low levels of petrogenlc 3
and 4-ring PAHs in heavy fuel oil and petroleum asphalt may not contribute significantly to the PAH profile when pyrogenic PAHs
from soot or construction materials are present
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mixed with other components of typical soil (quartz, clay, and oxides). Tar or pitch was not evident in the
ash sample. This particulate mixture, coupled with the low levels of PAHs found' in this particular ash
sample, indicated that this material was likely derived from foundry ash or building fire debris.

Sediment samples down gradient of the ash (AS01-S0-SD03 and -S005) contained no coal and trace
levels of glass slag ~ 1%). More than 99% of these sediment samples were composed of typical
sediment materials. Thus, particle migration from the ash was not evident in the petrology data.

Sample AS12-S0-S009 contained 96% of typical native sediment material (Table 4, natural quartz
mineral). This sample also contained 3% glass slag (from molten silica) and trace levels of coal and
coke. The observed abundances of slag, coal, and coke, were consistent with urban sediments (Hower, .
2006).

14
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5. SUMMARY

March 2006

The Navy conducted a hydroc:arbon characterization of sediments collected around the PNS in Kittery,
ME. The objective of this study was to assess the potential PAH sediment impacts from PNS operations
associated with known IR sites. This study evaluated the concentrations and compositions of
hydrocarbon residues in samples from candidate source area and proximal sediments in the AS01 and
AS12 study'areas. These data were also compared with sediments from Jocal Reference Areas' and
Reference Materials of petroleum and tar products. In order to address the project objectives, advanced
physical (organic petrology) and chemical (high resolution hydrocarbon fingerprints, alkylated PAHs, and
biomarker fingerprints) analyses were performed on approximately 26 site and 7 reference material
samples. The multiple lines of evidence derived from these analyses (Table 5) yielded the following
summary.conclusions:

• The Reference Area samples established' that ambient background sediments contained
hydrocarbons derived from) heavy petroleum materials (e1'" asphalt), thermal decomposition
byproducts (e.g., soot), plant detritus (e.g., decaying leaves), and low levels of middle petroleum
distillates (e.g., marine diesel). The PAH concentration in the Reference Area sediments were
pyrogenic and ranged from 7 to 13 mg/kg total EPAPAHs. These features were consistent with
background sediments in other environmental investigations (Stout et ai, 2004 and Emsbo
Mattingly, 2006).

• The AS01 soils collected from the ash deposit contained coal, coke; glass slag, wood, and native
soil materials. .On a molecular level, they contained a complex mixture of hydrocarbons derived
from coal and combustion. The concentrations of pyrogenic PAHs in the ash were very low (19 to
65 mg/kg total EPAPAHs) compared to typical manufactured gas plant waste (1,OOO's to
100,600's mg/kg total EPAPAHs) (Emsbo-Mattingly et al., 2003). We concluded that particulate
and hydrocarbon tYpes found in· the soil samples collected at Site 34 are likely the result Of
t:listorical foundry operations (i.e., foundry ash) or building fire (i.e., fire related ash or debris), as
opposed to the historical manufactured.gas operations. .

. • Offshore migration of ash debris was not evident based on the very low levels of coal, slag; and
coke in the AS01 sediment samples. However, sample AS01-S0-SD03 likely received some
influence frorri AS01-CP-SS02 based on the PAHcompositional profile. Sample AS01-S0-SD05
possessed many features observed in local runoff (residual range petroleum,.plant waxes, middle
diesel range petroleum, and pyrogenic PAHresidues); however, diagnostic indicators such as the
abundance of f1uoranthene relative to pyrene established that the pyrogenicPAHs in AS01-S0
S005 (including AS01-S0-SD04 and -SD06 based on the high resolution hydrocarbon
fingerprints) were not derived from the ash pile. The remaining AS01 sediment samples
resembled the concentration and compositional ranges exhibited. by the Reference' Area
Sediments.

• The AS12 catch basin sediment Contained. heavily weathered petroleum consistent with
lubricating oil or abraded pavement from roadway runoff~ The composition. of AS12-CP-CB02 did
not closely resemble any of the other AS12 sediment samples.

• The AS12 sediment sample with the highest concentrations of total EPAPAHs was AS12-S0
S015. The composition of PAHs in this sample did not resemble the Reference Area sediments.
The close proximity of AS12-SD-S015 and Building 178 suggested that the PAHs were possibly
related to historical ship building operations or the materials used to construct the buiiding (e.g., ..
roof shingles and tar paper). Samples AS12-S0-Soo2 and -5D09 contained a mixtUre of PAHs
from the AS12;.SO-S015 and those also found in ambient background samples. The PAHs in
samples AS12-SD-SD01, -S007, and -S016 were primarily associated with those also found in
ambient background samples, with minor contributions from of PAHs associated with the AS12
SO-SD15 area.
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In summary, we observed the dominant presence of ambient background PAHs in the sediments around
PNS. The AS01 ash appears to have a localized effect in the offshore (Le., influence on one sediment
location, AS01-SD-SD03). The AS12 sediments near sampling location AS12-SD-SD15 contained PAHs
that are likely associated with historical shipbuilding and maintenance operations that occurred in Building
178.. The pyrogenic PAHs from this area declined rapidly with distance from the western intertidal section
of the building such that sediments collected at locations AS12-SD-SD01, -SD07, and -StJ16 were
predominantly similar to the ambient background environment.
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Figure 5. Tiered Forensic Approach to Hydrocarbon Fingerprinting.
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Figure 6. Bulk Hydrocarbon Relationships

a. EPAPAHs v. Toe
The quantities of total EPAPAHs and TOe were independent among study area samples (R2 = 0.009)
which indicated that TOe was not a leading indicator of EPAPAH concentration. The concentration of
TOe was 20 to 8000 times greater than the EPAPAHs which indicated the presence of abundant
quantities of materials not associated with pyrogenic PAHs. Several samples contained PAHs and TOe
within the background range represented by the Reference Area samples. The samples with significantly
higher levels of PAHs and TOe than the Reference Areas included the ash (01S801 and 018802) and
storm drain (01eB01) samples from A801 Two sediment samples from AS01 (018D03 and 01SD05)
contained higher EPAPAH concentrations relative to the Reference Area sediments. These samples
contained roughly equivalent concentrations of EPAPAHs as the ash samples; however, the
disproportionately lower TOe concentrations indicated that the AS01 sediments were not derived from
the ash deposits. The AS12 sediments contained higher PAHs than the Reference Area sediments with
no proportional relationship between PAH and TOe concentrations; therefore, the PAHs and TOe did not
appear to share a common origin.
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Figure 6. Bulk Hydrocarbon Relationships (cont)

b. EPAPAHs v. Total Extractable Material (TEM)
Total Extractable Material (TEM) includes EPAPAHs plus a wide range of petroleum and biologically
derived hydrocarbons. The dominant presence of petroleum and biologically derived hydrocarbons was
evident in all of the samples plotting above the line indicating equivalent concentrations of TEM and total
EPAPAHs. As discussed later in this report, the higher levels of TEM relative to EPAPAHs in the site
samples was caused by the widespread distribution of petroleum and naturally occurring organics in the
sediment samples. The poor correlation between EPAPAHs and TEM (R2 =0.14) indicated the presence
of extractable organics with widely varying PAH content. Samples 01S001, 01S007, and F022 plotted
within the range of ambient background conditions. Samples with higher levels of TEM relative to
EPAPAHs likely contained elevated petroleum, coal, or naturally occurring organic material (e.g., plant
debris, sewage, and bacteria). As discussed later in the report, the highest levels of TEM in the AS01 and
AS12 catch basin samples exhibited hydrocarbon signatures of petroleum distillates (e.g., diesel and lube
oil) and waxes with high abundances of aliphatic hydrocarbons and relatively low levels of PAHs. The
remaining samples from AS01 and AS12 had more comparable levels ofTEM and EPAPAHs and
indicated the presence of less widely varying amounts of petroleum, coal, and combustion byproducts.
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Figure 6. Bulk Hydrocarbon Relationships (cont)

c. EPAPAHs v. Total Polycyclic Aromatic Hydrocarbons (TPAHs).
The relationship between EPAPAHs and TPAH further refines our understanding of the types of PAHs
observed in the study area samples. The TPAH parameter includes EPAPAHs plus numerous alkylated
PAHs and dibenzothiophenes. Samples with elevated higher levels of TPAH relative to EPAPAH often
contain elevated petroleum when compared to samples with PAHs derived exclusively from soot or tar. In
this case, the concentrations of EPAPAH and TPAH were well correlated (R2 = 0.98). Samples that
plotted close to the line indicating TPAHs = total EPAPAHs were primarily byproducts of burning or
carbonization. Samples plotting further above this line contained proportionately higher levels of
petroleum or coal For example, samples 01 S801, 01 S802, 01 S003, 01 S005, 01 CB01, and many of the
samples within the range of ambient background contained higher levels of petroleum or coal. The
remaining samples predominantly contained pyrogenic PAHs.
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Figure 6. Bulk Hydrocarbon Relationships (cont)

d. EPAPAHs v. Hopane
Hopane degrades very slowly in the environment and represents well the presence of residual range
petroleum and coal. The correlation between total EPAPAHs and hopane was very poor (R

2 =0.007).
Samples with high concentrations of total EPAPAHs contained moderate to low levels of hopane (e.g.,
12S015 and 01SS02). Samples with high levels of hopane contained only moderate levels of total
EPAPAHs (e.g., 01 CB01 and 12CB02). In summary, the concentration of EPAPAHs was not proportional
to petroleum and coal residues.
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Figure 7. Selected High Resolution Hydrocarbon Fingerprints (GC/FID)
Q FLO
~YOa. AS01-CP-SS01

Complex mixture of weathered heavy
petroleum (e.g., asphalt or heavy fuel
oil), middle distillate (e.g., diesel), and
3- to 6-ring pyrogenic PAHs (e.g.,
weathered tar or soot). Note the
relative abundances FLO> PYO.

c. AS01-CP-CB01
Petroleum waxes (late eluting normal
alkanes) with multiple degraded
petroleums (UCMs), and lower
proportions of middle distillate.

b. AS01-CP-SS02
Pyrogenic PAHs with lower
concentrations of weathered heavy
petroleum. Note FLO> PYO.

d. AS01-S0-S001
Weathered heavy petroleums with
lower levels of pyrogenic PAHs.

UCM

PAH Peaks

UCM

-+.....,-H- PAH Peaks

e. AS01-S0-S003
Pyrogenic PAHs with lower
concentrations of weathered heavy
petroleum. Note FLO> PYO.

f. AS01-S0-S005
Pyrogenic PAHs with weathered
middle and heavy range petroleum.
Very similar to AS01-S0-S004 and
S006. The relative abundance of FLO
< PYO indicates the PAH origin of
these samples differs from the ash
and S003 sediments among others.
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Figure 7. Selected High Resolution Hydrocarbon Fingerprints (GC/FID) (cont)
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g. AS12-CP-CB12
Heavy petroleum distillate - likely
lubricating oil.

h. AS12-SD-SD01
Pyrogenic PAHs with lower
concentrations of weathered heavy
petroleum.

i. AS12-SD-SD15
Pyrogenic PAHs with lower
concentrations of weathered heavy
petroleum.

j. ASOO-SD-SD01
Pyrogenic PAHs with weathered heavy
petroleum and plant waxes.

k. ASOO-SD-SD03
Pyrogenic PAHs with weathered heavy
petroleum and plant waxes.

I. ASOO-SD-SD04
Pyrogenic PAHs with weathered heavy
petroleum and plant waxes.
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Figure 8. Selected PAH Histograms (GC/MS/SIM).

Pyrogenic
4- to 6-Ring PAHs

Pyrogenic
3- to 6-Ring PAHs

Petrogenic
2- to 4-Ring PAHs

e. AS01-SD-S003
Like AS01-S0-S001 with higher
proportion of pyrogenic relative to
petrogenic PAHs.

a. AS01-CP-SS01
Mixed 2- to 4-ring petrogenic PAHs
(likely coal based on saturated
hydrocarbon fingerprints discussed
late) and pyrogenic 4- to 6-ring PAHs
(likely soot or tar product).

b. AS01-CP-SS02
Pyrogenic 2- to 6-ring pyrogenic
PAHs likely from soot or tar product.
Low levels of petrogenic 2-ring PAHs
were possibly from coal.

f. AS01-SD-SD05
Petrogenic 2- to 3-ring PAHs from a
middle petroleum distillate (diesel
range). Pyrogenic 4- to 6-ring PAHs
possibly from soot or heavy tar
product (possibly historical
pavement). Note the abundance of
FLO < PYO was shared by AS01-SD
S004 and -S006. This trait is a
source marker that clearly ~z~2~1O~~~~U::[;:'[2~~:(~~::l:~;::::~~":~~a:~~<t~;::::~~":~8um:J<3:Jl~lJl:t~~c3~ffitu~
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distinguishes these samples from
ash.

d. AS01-SD-SD01
Mixture of pyrogenic 3- to 6-ring
PAHs (likely soot) and petrogenic 2
to 4-ring PAHs (likely diesel, heavy
fuel oil, or asphalt).

c. AS01-CP-CB01
Pyrogenic 3- to 6-ring PAHs with
lesser amounts of petrogenic 2- to 4
ring PAHs.

PAH abbreviations on Table 2.
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Figure 8. Selected PAH Histograms (GC/MS/SIM) (cont)

Pyrogenic
2- to 6 Ring PAHs

Pyrogenic
2- to 6 Ring PAHs

Petrogenic

Petrogenic

Petrogenic

i. AS12-SD-SD15
Pyrogenic 2- to 6-ring PAHs possibly
from a tar product (e.g., tar pitch
materials like roadway pavement, roof
shingles, tar paper, and others).

j. ASOO-SD-SD01
Mixture of pyrogenic 3- to 6-ring PAHs
(likely soot or pavement) and
petrogenic 2- to 4-ring PAHs (likely
diesel, heavy fuel oil, or asphalt).
Diagenetic retene is produced
naturally from pine tree detritus.

k. ASOO-SD-SD03
Mixture of pyrogenic 3- to 6-ring PAHs
(likely soot or pavement) and
petrogenic 2- to 3-ring PAHs (likely
diesel).

h. AS12-SD-SD01
Pyrogenic 2- to 6-ring PAHs possibly
from a tar product (e.g., tar pitch
materials like roadway pavement, roof
shingles, tar paper, and others).

g. AS12-CP-CB02
Mixture of pyrogenic 3- to 6-ring PAHs
(likely soot) and petrogenic 2- to 4
ring PAHs (likely diesel, heavy fuel oil,
or asphalt).

I. ASOO-SD-SD04
Mixture of pyrogenic 3- to 6-ring PAHs
(likely soot or pavement) and
petrogenic 2- to 3-ring PAHs (likely
diesel).

PAH abbreviations on Table 2.
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Figure 9. Principal Components Analysis of PAH Analytes
In Field and Reference Samples.

a. Sample Groupings (PCA Scores Plot).
Reference Area samples plotted in the lower left quadrant. These samples contained a complex mixture
of petrogenic, pyrogenic, and diagenetic PAHs. Samples with similar compositional features included
01S001, 01S007, F022, and 12CB02. Samples with higher abundances of petrogenic PAHs relative to
pyrogenic PAHs in the Reference Area samples plotted towards the upper right (see upper right of the
PCA Loadings plot in Figure 9C). Each of these samples exhibited unique pyrogenic PAH fingerprints
indicating independent pyrogenic PAH sources (see Figure 8 and associated discussion). However,
samples 01CB01 and 01S005 plot closely due to the presence of petrogenic 2- and 3-ring PAHs from
diesel range petroleum. Samples 01 SS02 and 01 S003 exhibited very similar pyrogenic PAH signatures
(Le., similar PAH source) with the primary difference being the slightly elevated amount of petrogenic 2
ring PAHs in 01SS02. The sediment samples from AS12 possessed similar pyrogenic PAH signatures
with the primary difference being the slightly lower levels of alkylated PAHs and higher levels of PO and
AO in 12S015. These differences were consistent with a mixing gradient between the ambient
background signature and PAH-containing particulate matter collected around 12S015.
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Figure 9. Principal Components Analysis of PAH Analytes
In Field and Reference Samples (cont).

b. Sample Groupings (PCA Scores Plot with Reference Samples Added).
A PCA model was generated based on the samples discussed in Figure 9a. The loadings plot of these
field samples (Figure 9c) was used to calculate the comparable Scores plot locations of some Reference
Material samples. The results of this analysis demonstrated petrogenic nature of samples plotting to the
upper right and pyrogenic nature of samples plotting to lower right (more weathered pyrogenic PAH
patterns plotted lower on the Factor 2 axis). The large distance between the field and Reference Material
samples demonstrates the mixed nature of the PNS sediments.
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Figure 9. Principal Components Analysis of PAH Analytes
In Field and Reference Samples (cont).

c. Analyte Groupings (PCA Loadings Plot).
PCA Loadings were calculated using the field samples around PNS and the Reference Areas. Principal
components 1 (x-axis) and 2 (y-axis) accounted for 72% and 14% of the variability, respectively. The
PAH concentration data illustrate the primary compositional features that differentiated the samples:
heavy petroleum residuals enriched in 4-ring petrogenic PAHs plotted in the upper left, middle weight
petroleum enriched in 2- and 3-ring petrogenic PAHs plotted towards the upper right, soot or tar residues
enriched in 3- to 6-ring pyrogenic PAHs plotted towards the lower right, and samples with higher levels of
pine tree (gymnosperm) detritus plotted towards the left.
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Figure 10. Saturated Hydrocarbon Fingerprints (GC/MS/SIM).
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C36 and isoprenoid hydrocarbons
likely come from coal. Normal
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n-C35 with an odd-carbon preference
indicated plant waxes.
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diesel.

d. AS01-SD-SD01
Like AS01-CP-CB01 with additional
contributions of plant wax.

e. AS01-SD-SD03
Middle distillate range normal
alkanes, isoprenoids, and UCM.
The odd-carbon preference in the n
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presence of plant waxes. The late
eluting UCM indicated residual
petroleum, likely abraded pavement.
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Figure 10. Saturated Hydrocarbon Fingerprints (GC/MS/SIM)(cont).

g. AS12-CP-CB02
The odd-carbon preference in the n
C25 and n-C35 range indicated the
presence of plant waxes. Late
eluting, narrow boiling point UCM
indicated lubricating oil. Low levels of
diesel range hydrocarbons also
present. Like ASOO-SD-SD01.

h. AS12-SD-SD01
Similar to AS12-CP-CB02, but the late
eluting UCM was too wide to be a
heavy petroleum distillate; rather, it
was more consistent with petroleum
asphalt.

i. AS12-SD-SD15
Middle and heavy range petroleums
were likely fuels. Plant waxes also
evident.

j. ASOO-SD-SD01
The odd-carbon preference in the n
C25 and n-C35 range indicated the
presence of plant waxes. Late
eluting, narrow boiling point UCM
indicated lubricating oil. Low levels of
diesel range hydrocarbons also
present.

k. ASOO-SD-SD03
Like ASOO-SD-SD01.

I. ASOO-SD-SD04
Like ASOO-SD-SD01.
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Pattern B
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Figure 11. Triterpane Biomarker Patterns (GC/MS/SIM).
H

N/1a. ASOO-SD-SD01
Pattern A was characterized by low
triterpanes, Ts ::: Tm, NH < H, and a full
range of homohopanes. An unidentified
biomarker was observed at
approximately equal abundances as the
first eluting homohopane.

b. AS01-CP-SS02
Pattern B was characterized by low
triterpanes, Ts < Tm, NH < H, and a full
range of homohopanes. The
unidentified biomarker was largest peak
in the biomarker fingerprint. This pattern
was unique among the field samples.
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f. Reference Crude Oil
Pattern F was characterized by high
triterpanes, Ts < Tm, NH < H, and a full
range of homohopanes. The
unidentified biomarker did not alter the
normal homohopane profile.

e. AS12-CP-CB02
Pattern E was characterized by low
triterpanes, Ts > Tm, NH < H, and a full
range of homohopanes. The
unidentified biomarker did not alter the
normal homohopane profile.

d. AS01-SD-SD03
Pattern 0 was characterized by low
triterpanes, Ts < Tm, NH < H, and a full
range of homohopanes. The
unidentified biomarker did not alter the
normal homohopane profile.

c. AS01-CP-CB01
Patten C had higher levels of
triterpanes, Ts < Tm, NH ::: H, and a full
range of homohopanes. The
unidentified biomarker did not alter the
normal homohopane profile.

Ts 18u(H)-22,29,30-Trisnomeohopane
Tm 17u(H}-22,29,30-Trisnorhopane

NH 30-Norhopane
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APPENDIX 8.4

DATA QUALITY REVIEW (DQR) AND OATA REDUCTION METHODS

This appendix contains a description of the data review processes used to determine whether analytical

laboratory data were of acceptable technical quality for use in decision making. The data evaluated in

this appendix was collected during the Additional Scrutiny investigation and Round 8 of the ·interim

offshore· monitoring program. The raw data from these investigations are presented in their respective

data packages (TtNUS, February 2006 and January 2006).

The review began with data validation, which is a comparison of data quality indicators (Dais) against

prescribed acceptance criteria. The DOls used are measures to assess the bias and precision of the

analytical calibrations and sample analyses. The output of this review has a set of alphabetic flags such

as: "U," "J," "R," or combinations thereof, that may have been assigned to individual results based on the
. .

validation effort. These flags were used to infer the generat quality of the data. The data validation was

.followed by a summary of quantitative data quality measures to provide the user with·a more quantitative

estimate of any bias or imprecision associated with the data. Also evaluated were the measures of data

completeness, sensitivity, comparability, and representativeness.

Sections 8.1 and 8.2 provide an overview of the data validation process, Section 8.3 presents an

evaluation of the data quality beyond data validation.

8.1 DATA VALIDATION PROCESS

Data were generated for this investigation report in one round. Field analytical data and sampling

location coordinates were reviewed both in the field and after completing the field event to assure data

users that the· results and sampling location coordinates were accurate. Calibration logs and Quality

Control (OC) check sample results were reviewed for accuracy. In addition, field data were reviewed for

comparability among sampling locations and consistency with theoretical expectations. These

evaluations were based, in part, on historical data and professional judgment.

All of the results from analytical laborato~ samples were validated by Tetra Tech NUS, Inc. (TtNUS)

according to several specifications. Assignment of data qualification flags by TtNUS conformed to U.S.

Environmental Protection Agency (USEPA) (1993) Region 1 Tiered Organic and Inorganic Data

Validation GUidelines; to the USEPA (1988), Region I Laboratory Data Validation Functional Guidelines

for Evaluating Inorganic Analyses, as modified in February 1989; to the USEPA (1996) New England

Data Validation Functional Guidelines for Evaluating Organic Analyses; and to Environmental Service
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Assistance Team (2000) USEPA Region I Dioxin Data Validation, Standard Operating Procedure (SOP) #

ESAT-01-0007 to the greatest extent practicable for non-contract laboratory program data.

Data validation specifications require that various data qualifiers be assigned when a deficiency is

detected or when a result is less than its detection limit. If no qualifier is assigned to a result that has

been validated, the data user is assured that no technical deficiencies were identified during validation.

The qualification flags used are defined below:

U - Indicates that the chemical was not detected at the numerical detection limit (sample-specific

detection limit) noted.' Non-detected results from the laboratory are reported in this manner. This qualifier

is also added to a positive result (reported by the laboratory) if the detected concentration is determined

to be attributable to contamination introduced during field sampling or laboratory analysis.

UJ - Indicates that the chemical was not detected; however, the detection limit (sample-specific detection

limit) is considered to be estimated based on problems encountered during laboratory analysis. The

associated numerical detection limit is regarded as inaccurate or imprecise.

J - Indicates that the chemical was detected; however, the associated numerical result is not a precise

representation of the concentration that is actually present in the sample. The laboratory reported

concentration is considered to be an estimate of the true concentration.

UR - Indicates that the chemical mayor may not be present. The non-detected analytical result reported

by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross

technical deficiencies (i.e., holding times missed by a factor of two times the specified time limit, severe

calibration non-compliances, and extremely low analyte recoveries).

R - Indicates that the chemical mayor may not be present. The positive analytical result reported by the

laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross

technical deficiencies.

BU - Indicates that the associated organic chemical was detected in the affected sample as well as the

associated laboratory method blank, but has been qualified as non-detected because the concentration

was less than the blank level after adjustment for uncertainties (Le., the blank action level) per the

validation guidelines.

The preceding data qualifiers may be categorized as indicative of major or minor problems. Major

problems are defined as deficiencies that result in the rejection of data and qualification with UR or R data
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validation qualifiers. These data are not used for risk assessment decision making purposes unless they

are used in a qualitative way and the use is justified and documented. Minor problems are defined as

deficiencies resulting in the estimation of data,and qualification with U, J, and UJ data validation

.qualifiers. Estimated analytical results are considered to be suitable for all decision-making purposes .

unless the data use requirements are very stringent and the qualifier indicates a deficiency that is

incompatible with the intended data use. It is noteworthy that a U qualifier does not necessarily indicate

that a data deficiency exists because all non-detect values are flagged with the U qualifier regardless. of

whether a quality deficiency has been detected.

. B.2 DATA VALIDATION OUTPUTS

After data were validated, a list was developed of non-conformities requiring data qualifier flags that were

used to alert the data user to inaccurate or imprecise data. For situations in which multiple OC criteria

were out of specification, the data validator made professional judgments and or comments on the validity

of the overall data package. The reviewer then prepared a technical memorandum presenting

qualification of the data, if necessary, and the rationale for making such qualifications. The net result was
. .

a data package that had been carefully reviewed for its adherence to prescribed technical requirements.

Validators incorporated data qualifiers into the electronic project database and submitted the information

to the data management group. Pertinent quality estimates are summarized ina more quantitative format

in the following section.

B.3 GENERAL DATA QUALITY REVIEW

DOls are parameters that are monitored to help establish the quality. of data generated during an

investigation. Some of the DOls are generated from analysis of field samples (e.g.,. field duplicates) and

some are generated from the analysis of laboratory samples (e.g., laboratory duplicates and matrix

spikes). Individually, field and laboratory DOls provide measures of the performance of the respective

investigative operations (field or laboratory). During data validation, individual OC results were evaluated.

If individual OC results were acceptable, no validation flag was assigned to an analytical result, otherwise

a flag indicating the type of OC deficiency was assigned to the result. The data quality review provided in

this section, which was implemented after the data validation process was completed, is not designed to

identify data that are acceptable or unacceptable according to dataOC criteria. Instead, it is designed to

provide an overall quantitative measure of analytical performance not provided by data validation. These

quantitative evaluations ,are frequently analyte-specific. They reflect, for example, biases associated with

the quantification of particular· ~nalytes in a particular sample matrix. Many of the summary tables

referenced in the sections below reflect this and the data user must be aware that even chemicals in the

same analytical fraction (e.g. polycyclic aromatic hydrocarbons (PAHs» may exhibit different data quality.

Taken together, the DOls provide a measure of overall analytical performance.
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At the same time that the samples were collected for Round 8, samples were also collected for additional

scrutiny. The matrices of these samples are similar enough that similaranalyticaJ performance is

expected. Therefore, samples of similar matrix from these phases were grouped together for DOR

analysis. This is a benefit when compiling accuracy and precision statistics because a more robust

estimate of these characteristics is obtained when using larger data sets. Generally speaking, all soil and

sediment samples are expected to yield similar laboratory performance. Because data sets were

combined, data quality is presented and discussed below for the combined data sets.

The data were of generally acceptable quality but there were some significant exceptions. Comparability,.

representativeness, and sensitivity, in particular, were satisfactory although any samples th~t were

scheduled for collection and were not collected may be considered data voids relative to the sampling

and analysis plan. Data quality exceptions are summarized briefly immediately below. After the brief

summary, a more detailed data quality analyses is presented.

Overall Sample and Data Comparability, Completeness, and Representativeness

The intended sample collection and data analysis methods were· used, therefore comparability of these

data to previously collected data (from the Interim Measures) should not be a concern.

All samples appear to be representative. of the intended environmental matrix. Lack of data where data

have been rejected; however, should be considered when evaluating representativeness of the areas or

. volumes of environmental media that were characterized. Inability to achieve target deteCtion limits in

several cases should also be considered (See Section·B.3.2).

The various Dais are discussed in detail below. In addition to the Dais discussed below, temperature

.blanks that accompanied each cooler containing samples were used to assess whether the samples had

been stored at the appropriate temperature during shipping. All temperature blanks were less than or

equal to 4°C, indicating no deficiencies with regard to shipping temperature.

Whereas individual analytes may have exhibited quality problems for particular sample batches and OC

type (e.g., Matrix Spike (MS) or Laboratory Control Samples (LCS)), overall data quality was acceptable

for the intended uses (i.e;, interim offshore monitoring or additional scrutiny). There were numerous

. rejected data points. However, the rejected data points were generally for compounds of minor

importance to the project. Each section below addresses data quality in more detail for a particular DOl

for samples of a given matrix (soil orsediment) and analytical fraction (e.g., metals or PAHs).
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8.3.1 Completeness

Completeness is a measure of the number of valid samples or measurements that are available relative .

to the number of samples or measurements that were intended to be generated. For this project, the

following two measures were used to evaluate completeness:

• Sample collection completeness was a measure of the usable samples collected as compared to

those intended to be collected.

• Laboratory measurement completeness was a measure of the amount of usable, valid laboratory

measurements per matrix obtained for each target analyte.

Usable, valid samples (or results) were those judged, after data assessment, to represent the sampling

populations and to have not been disqualified for use through data validation or additional data review.

The total number of samples (or results) planned to be collected or generated are those listed in the.·

Additional Scrutiny Quality Assurance Project Plan (QAPP) (TtNUS, August 2005) and the Interim

Offshore Monitoring Plan (TtNUS, October 1999) with modifications in the Rounds 1 through 7 interim

offshore monitoring report (TtNUS, November 2004). Completeness was determined using the following

equation:

C
V

%. =-xlOO
T

where %C

V

T

= percent compl.eteness

= number of samples (or reSUlts) determined to be valid

= total numberof planned samples (or results)

8.3.1.1 Sample Collection Completeness

All samples necessary to render decisions for this project were collected in accordance with methods

prescribed in the Additional Scrutiny QAPP (TtNUS, August 2005) and the Interim Offshore Monitoring.

Plan (TtNUS, October 1999} with modifications in the Rounds 1 through 7 interim offshore monitoring

report (TtNUS, November 2004).

8.3.1.3 Laboratory Measurement Completeness

Under ideal conditions, the laboratory completeness objective would be1 00 percent. That is, 100 percent

of all results would be valid for all samples analyzed. However, samples can be rendered unusable

during shipping and preparation (e.g., bottles broken or extracts accidentally destroyed) or analysis (e.g.,

loss of instrument sensitivity, strong matrix effects). Some results are rejected because of serious quality
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deficiencies or matrix effects. The laboratory completeness objective was 90 percent. This objective was

satisfied for each analytical fraction except Pesticides/Polychlorinated biphenyl (PCBs) in the Round 8

sampling data. This minor deviation from the 90 percent goal however, is considered inconsequential.

More important is the fact that even though the completeness goals were generally satisfied, most of the

rejected data values were associated with a limited numbe~ of analytes.

The same organic compounds were consistently rejected in several samples in the sediment matrix,

although·not all results for these parameters were necessarily rejected (See Table B~3). Tt'le matrix

below summarizes whether a particular compound was rejected in the Round 8 or in the additional

scrutiny data set. An "X" indicates that at least one result for a parameter was rejected in the indicated

data set.

.Parameter Additional Scrutiny Round 8
2,4'-000 - X X
2,4'-DDE X X
2,4'.DDT X X
4,4'-DDE X X
4,4'-DDT X
ALDRIN X X

ALPHA-BHC X
ALPHA-CHLORDANE X X

. BETA-BHC X ·X
CIS-NONACHLOR X X

DELTA-BHC X X
DIELDRIN X
ENORIN X X

GAMMA-BHC (LINDANE) X X
GAMMA-CHLORDANE X X

HEPTACHLOR X X
HEPTACHLOR EPOXIDE X X
HEXACHLOROBENZENE X X

MIREX X X
OXYCHLORDANE X X

PCB-101 X
PCB-114 X
PCB-123 X
PCB-128 X
PCB-18 X
PCB-28 X
PCB-44 X
PCB-66 X
PCB-?? X
PCB-8 X

TAANS-NONACHLOR X X
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Aside from 4,4'-DDT and trans-nonachlor the compounds tabulated above·are not of particular

importance to this project and therefore represent little negative impact to the project by having been

rejected. Overall, relatively few rejections were identified compared to the number of results generated.

Table 8-3 lists all rejected results and the reasons for rejection. The matrix below shows the total number

of results the number of rejections, and the percent of results rejected.

Sediment Reiections PEST/PCB
Parameter Results Rejections % Reiected % Complete
2,4'-DDD 20 8 40.0 60.0
2,4'-DDE 20 19 95.0 5.0
2,4'-DDT 20 2 10.0 90.0
4,4'-ODE 20 4 20.0 '80.0
4,4'-DDT 20 5 25.0 75.0
ALDRIN 20 7 35.0 65.0
ALPHA-BHC 20 1 5.0 95.0
ALPHA-CHLORDANE 20 4 20.0 80.0
BETA-BHC 20 11 55.0 45.0
CIS-NONACHLOR 20 5 25.0 75.0
DELTA-BHC 20 9 45.0 55.0
DIELDRIN 20 2 .. 10.0 90.0
ENDRIN 20 7 35.0 65.0
GAMMA-BHC (LINDANE) 20 5 25.0 75.0
GAMMA-CHLORDANE 20 7 35.0 65.0
HEPTACHLOR 20 13 65.0 35.0
HEPTACHLOR EPOXIDE 20 10 50.0 50.0
HEXACHLOROBENZENE 20 10 50.0 50.0
MIREX· 20 17 85.0· 15.0
OXYCHLORDANE 20 11 55.0 45.0
PCB-101 28 2 7.1 92.1
PCB-114 28 2 7.1 92.1
PCB-123 28 2 7.1 92.1
PCB.128 28 2 7.1 92.1'
PCB-18 28 15 53.6 46.4
PCB-28 28 9 .32.1 67.9
PCB-44 28 2 7.1 92.1
PCB-66 28 6 21.4 78.6
PCB-77 28 3 10.7 89.3
PCB-8 28 19 67.9 32.1
TRANS-NONACHLOR 20 15 75.0 25.0

This tabulation shows that results for several parameters were rejected with most rejection percentages

greater than 10%. However, of the parameters identified above, only 4,4'-DDT and trans-nonachlor have

project-specific ecological preliminary remediation goals greater than a 10 percent rejection rate (Le., less

than 90 percent completeness). Therefore, the only significant rejections for this project are the moderate

rate of rejections for 4,4'-DDT and the high rate of rejections for trans-nonachlor.
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8.3.2 Sensitivity

Table B-4 shows the laboratory nominal method detection limits (MDLs) and the minimum and maximum

hon-detect values for each analyte in particular matrices. The laboratory nominal MDLs represent MDLs

as estimated by the laboratory without any adjustments for sample-specific conditions such as moisture

content or sample dilutions. In SOme cases (e.g., when samples are diluted), the laboratory nominal MDL

may be less than the target MDL whereas the actual non-detect value exceeds the target MDL. Table B

4 also displays a comparison of the observed minimum and maximum non-detect values during

laboratory analyses to the target laboratory reporting limits contained in Tables 5-1 through 5-6 of the

Additional Scrutiny QAPP (TtNUS, 2005) and the Interim Offshore Monitoring Plan (TtNUS, October

1999).

The analytical methods selected are standard methods used throughout the environmental industry.

Development of methods with greater sensitivity was not practicable nor was it required for the chemicals

of primary interest (e.g., PAHS, pesticides, and other potentially site-related parameters such as metals).

Gray shading in the tables indicates those parameters f()r which at least one non-detect value exceeded

the target MOL (or the laboratory MDL if no target MDLis provided). Although many analytical fractions

had at least one such exceedance, most non-detected results were less than the target limits and in many

cases, non-detect values that exceeded the target limits were within two or three times the limit.

The elevated detection limits that were incurred are viewed to be the consequence of uncontrollable,

sample-specific factors and· reflect normal laboratory performance. They did not prevent the use of the

data for decision making. It is also important to understand that the MDLs may have changed between

the time the QAPP was written and this report was generated.

8.3.3 Laboratory Accuracy

Accuracy is the degree of agreement between an observed value and an accepted reference value.

Accuracy measurements are designed to detect biases resulting from sample handling and analysis. This

parameter· is assessed by measuring spiked samples (e.g., MSs) or well-characterized samples of

certified analyte concentrations (e.g., LeSs) and by measuring blanks.

Accuracy requirements for field measurements are typically ensured through control over the sample

collection and handling and through routine instrument calibration. Field accuracies were monitored

tt'1rough the use of blanks to detect cross-contamination and by monitoring adherence to procedures that

prevent sample contamination or degradation. Source water blanks were collected from analyte-free

water to asseSs the water sources used for decontaminating sampling equipment. Equipment rinsate

blanks were collected for this investigation to assess cross-contamination via sample collection
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equipment. These blanks were obtained under representative. field conditions by collecting the rinse

water generated by running analyte-free water through sample collection. equipment after

decontamination and before use. Rinsate blanks were obtained for one type of sampling equipment for

each day that the sampling equipment was decontaminated. Rinsate blanks were analyzed for the same

chemical constituents as the associated environmental samples.

Accuracy in the laboratory is measured through· the comparison of a spiked sample or LCS result to a

known or calculated value and is expressed as percent recovery (%R). It was also assessed by

monitoring the analytical recovery of select surrogate compounds added to samples that are analyzed by

organic chromatographic methods. LCSs were used to assess the accuracy of laboratory operations with

minimal sample matrix effects. MS and surrogate compound analyses measure the combined accuracy·

effects of the sample matrix, sample preparation, and sample measurement.··

Ideally, the amount of spike added·to.·a sample Will increase the native analyte concentrations byabbut

25 to 400 percent. This range of concentrations is suitable for identifying matrix effects. If the actual spike

amount does not achieve this level of analyte concentration increase, ttlespike is considered to be

invalid. Some room for professional jUdgment is allowed when evaluating spike amounts. The

laboratory, however, cannot know in advance of analysis what the native concentrations of target

analytes are. Furthermore, it is not practical for the laboratory to adjust spiking levels based on individual

samples Therefore, consistent with industry practices and analytical method requirements, spiking

concentrations equaled or approximated the default concentrations detailed in the applicable sample

preparation or analysis SOPs. LCS and MS analyses were performed at a frequency of one per 20

associated samples of like matrix as required by the Additional Scrutiny QAPP (TtNUS, August 2005) and

Interim Offshore Monitoring Plan (TtNUS, October 1999). LabOratory accuracy was· assessed by

.comparing calculated %R values to accuracy. control limits.

Percent recovery is calculated using the following equation:

%R= Ss-So x 100
S

where %R =

Ss =

So =

S =

percent recovery

result of spiked sample

result of non-spiked sample

concentration of ~piked amount. .

Absence of bias is represented as a recovery of 100 percent. Mean recovery values less than

100 percent indicate a low bias, and recovery values greater than 100 percent indicate. a high bias.
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Because measurement uncertainty exists in all bias estimates, a bias is not considered to be significant

unless it falls outside the range of 100 percent ± 25 percent. The more extreme the bias value, the more

significant the bias.

Accuracy data are compiled in Table B-5. The minimum, average, and maximum percent recovery values

are presented in the table for each parameter.. In addition, the number of ac values represented by

these statistics is provided. This count of ac values provides some insight into the magnitude of effect

caused by any values that are outside the 75 to 125 percent target range. Percent recoveries that are

invalid because the native sample conc~ntration Was more than four times the spike amount are excluded

from the table. Data qualifiers assigned during data validation because of non-compliant bias indicators

are presented in Tables B-8 and B-9.

Pesticides and PCBs in Soil and Sediment

Mean LCS recoveries for all pesticides/PCBs except 2,4'-DDE, endosulfan II, heptachlor epoxide, PCB

52, PCB-101,and PCB-195 were within the-75to 125 percent reference range for pesticides and PCBs.

The mean recoveries for endosulfan II (68.5 percent), PCB-101 (74%), PCB-195 (71%), and PCB-52

(70.5%) were slightly less than the low limit of 75 percent and represents minor deviations. The mean

recoveries of 2,4'-DDE and heptachlor epoxide (170% for each) was higher than the upper limit of 125%

and represents a moderate deviation that suggests reported values could be greater than actual site

concentrations.

With four exceptions, all mean recoveries in MS and MSDs were greater than 50 percent but the majority

was less than 75%. This represents a slight to moderate low bias. The exceptions were; 2,4

dichlorobiphenyl, which· had a mean recovery of 48.5 in MSs and 57.0 in MSDs; dieldrin, which had a

mean recovery of 31.3% in the MSs and 26.3% in the MSDs; and mirex, which had a mean recovery of

33.3% in the MSs and 28.3% in the MSDs. This represents a moderate low bias. The mean recoveries

of the aforementioned compounds and beta-BHC were each affected by an MS/MSD recovery that was

negative. The "negative" recoveries were caused by the concentration of the analyte in the un-spiked

sample exceeding the spike amount but were ·Iess than the 4X criteria for omission. In addition, several

other individual percent recoveries were <30%. Many of the samples analyzed for Pesticides/PCBs were

affected by matrix· interferences. This is evident because all rejections in this data set were due to

percent difference between analytical columns or due to interferences not allowing definite identification

of an analyte. The samples also required a "cleanup" step prior to analysis. The cleanup step is designed

to remove interferences but it was eVidently not completely successfully. Cleanup steps also tend to

introduce additional variability into the data.
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In summary, there is a moderate bias associated with pesticide and PCB concentrations. The degree of

bias may be sensitive to concentration level.

Semi-Volatile Organic Compounds (SVOCs), Including.PAHs in SoU and Sediment

Several compounds (e.g., retene, and hopane) tha~ were analyzed specifically for the PAH forensics

evaluation are not discussed here because the use of those results is more completely described in the

forensics investigation report and there were no specific perfonnance requirements for those compounds.

The majority ofPAH compounds mean lCSrecoveries were within the expected ranges (Table 8-5) or

were moderately outside the range on the low side. The surrogates acenaphthene-d10, chrysene-d12,

naphtIJalene-d8,perylene-d12, and phenanthrene-d10 were particularly notable exceptions with

moderately low mean recoveries as compared to the rest of the group. While the surrogate mean

recoveries were below the 75-125% recovery range, they were all within the laboratory's statisticaliy

derived QC limits.

The range of PAH compound mean MS/MSD recoveries was 35% to 338%. The wide range of

.recoveries is attributed to high concentrations of target analytes in the parent samples. While the majority

of invalid QC samples were removed from the data set, the large number of QC samples containing high·

concentrations of PAHs made it impossible to remove all individual data points that had high native

concentrations compared to the spike amounts. In addition, samples that contained concentrations of

PAHs that were near but not greater than four times the spiking 'concentration can still cause variability in

the recoveries: The large variability in MS/MSD recoveries is attributed primarily to the high levels of

cOntamination present at the site,and not due to analytical laboratory deficiencies.

Total Metals in Soil and Sediment

If a matrix spike did not increase the native sample concentration by at least 25 percent, the spike was

considered to be invalid and is not discussed in this section. It was also removed from calculations of

percent recovery statistics presented in. Table 8-5. In some cases, it was not clear by how much the

matrix spike increased the native sample concentration because the spike amounts are not reported on a

per sample basis and many samples naturally contain detectable levels of metals. In those cases, the

result was retained.

The mean soil and sediment lCS percent recoveries across all sample groups ranged from 90.5 to 109

percent (Table 8-5). The narrow LCS recovery range that was nearly centered on the theoretically

perfect value of 100 percent indicates that there was no significant laboratory bias associated with the

metals analysis process.
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The mean soil and sediment MS/MSD percent recoveries across all sample groups ranged from 73.8 to

106 percent (Table 6-5). While one mean recovery (copper) was below the 75-125% range, the narrow

recovery range that was nearly centered on the theoretically perfect value of 100 percent indicates that

there was no significant laboratory bias associated with the metals analysis process. The increased data

spread for MSs relative to that for LCSs is expected because the matrix spikes represent the influence of

sample-specific matrix effects that are absent from LCSs.

DioxinIFurans in Soil and Sediment

The mean soil and sediment LCSIMSIMSD percent recoveries across all sample groups ranged from 69

to 127 percent for all dioxinlfurans. Three mean recoveries, 1,2,3,4,6,7,8,9-0COO (69.5% for MSD),

13C-1,2,3,4,6,7,8-HPCDD (125.5% for MS), and 13C-1,2,3,4,6,7,8-HPCDF(126% for LCS} were outside

the 75-125% recovery range. Only 13 of 169 individual recoveries were outside of the 75-125% recovery

range. This indicates that there was no significant laboratory biases associated with the dioxinlfuran

analysis process..

Petroleum·Range Organics in Soil and Sediment

Allmean and individual LCS recoveries were within the 75-125% recovery range with the exception of

one individual recovery of 64% for nonane. The mean MS recoveries ranged from 43% to 95%. The

mean recoveries for decane (53.5%), dodecane (70.5%), icosane (72.5%), and nonane (43%) were the

only mean recoveries below the 75% criteria. This indicates a moderate low bias for decane and nonane

and a slight tow bias for the remaining petroleum range organics.

Total Organic Carbon in Soil and Sediment

All mean and individual LCS and MSrecoveries were within the 75-125% recovery range. However,the .

.individual MS recoveries ranged from 68% to 178%. In addition, the only two individual total organic

carbon (TOC) recoveries that were outside the 75-125% recovery range were both from the same parent

sample. This indicates that there was not a system wide analytical deficiency with TOC analyses. It also

indicates, however, a potential for significant uncertainty in the TOC results (Le. reported values that are

perhaps 70 to 180 percent of actual site values).

8.3.4 Laboratory Precision

Precision is a measure of the degree to which two or more measurements are in agreement and .

describes the reproducibility of measurements of the same parameter for samples analyzed under similar

conditions.
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PreCision for chemical parameters is expressed as a Relative Percent Difference (RPD), which isdefined

as the ratio of the difference to the mean for the two values being evaluated. RPDs, typically expressed

as percentages, are used to evaluate both field and laboratory duplicate precision and are calculated as

tollows:

IV1- V21
RPD x 100

(V1+ V2)/2

where RPD = relative percent difference

V1, V2 = two results obtained by analyzing duplicate samples

The precision estimates obtained from duplicate field samples encompass the combined uncertainty

associated with sample collection, homogenization, splitting, handling, laboratory and field storage (as

applicable), preparation for analysis,and analysis. In contrast, precision estimates obtained from

analyzing duplicate laboratory samples incorporate only homogenization, subsampling, preparation for

analysis, laboratory storage (if applicable), and analysis uncertainties.

Field duplicates for soils and sediments were collected asa sil')gle sample that was then homogenized,

split into two portions, and placed into separate sample bottles. Each sample bottle was assigned a

unique nomenclature so as to be "blind" to the laboratory. Field duplicates were collected during a single

act of sampling and were analyzed for chemical constituents to measure the precision of the sampling

and analysis program, as well as the natural sample heterogeneity.

Field duplicates were to be collected at a rate of one per 20 environmental samples. The number of

duplicates collected was greater than these frequencies for some parameters because the analytical suite

is not identical for all samples. The number of duplicates collected corresponds to the number of samples

collected for a particular analytical fraction. The number of duplicates· per samples collected for all

analytical fractions met the 5 percent frequency criterion specified in the Additional Scrutiny OAPP

(TtNUS, August 2005) and the Interim Offshore Monitoring Plan (TtNUS, October 1999).

Laboratory precision OC samples (Le., laboratory duplicates· for inorganic chemicals and LCS/lCSD and

matrix spike (MS) / matrix spike duplicate (MSD) samples for organic chemicals] were scheduled to be

analyzed at a rate of .one QC sample per 20 enviromnentalsampies. This 5 percent rate as specified in

the Additional Scrutiny QAPP (TtNUS, August 2005) and the Interim Offshore Monitoring Plan (TtNUS.

October 1999) was achieved for soil and sediment samples.
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Laboratory duplicates are usually analyzed during the metals and miscellaneous analyses as a check on

the precision of the analyses. For organic compounds analyzed by chromatography, laboratory

duplicates are commonly supplanted with MSDs because the organic compounds do not occur naturally

in samples and precision can not be estimated from non-detect values.

During this investigation, laboratory precision was assessed by comparing calculated RPD values from

duplicate samples to precision c9ntrollimits.

RPD values greater than 50 percent for solid matrices are occasionally observed under normal

circumstances. In addition, values of· this magnitude are often small compared to the concentration

variability observed across site samples. This characteristic is important because it indicates that the

uncertainty associated with decision making is often most affected by the overall site data variability and

not as much by the local variability at any one location~ Nevertheless, Tables B-6 and B-7 represent all

exceedances of this reference point (50%) for labormory duplicates, field duplicates, LCS/LCSD, and

MS/MSD RPDs. Field and laboratory precision values that did not exceed the reference points are not

included in the discussions below. The table includes minimum, average, and maximum RPD values for

each parameter that had at least one exceedance of the reference point (50 percent for solid samples).

Pesticides and PCBs in Soil and Sediment

Two individual pesticide MSIMSD RPDs exceeded the 50% criterion. The RPD for 2,4'-DDE (97.7%) and

4,4'-DDT (86.5%) both occurred in the same sample (OU4-SD-M09-205A). The field duplicate precision

for 4,4'-000 and 4,4'-DDE in sample AS01-SD-SD03 and for PCB-l05 and PCB-18 in sample OU4-SD

M05-l05A also exceeded the 50% RPD criterion. This indicates that there is moderate to high

imprecision associated with those samples Because· the high degree of imprecision is limited in the

number of samples and PCBs affected, it is viewed to be an anomaly and not necessarily representative

of overall analytical performance.

PAHs in Soil and Sediment

RPDs for many different PAH target compounds in the MSIMSDs samples exceeded the 50 percent

reference point (Table B-7). Because of the limited number of MS/MSD results, the mean RPDs are

easily skewed by one outlying result. In addition, as stated in the accuracy section above, high native

sample concentrations of PAHs affected the variability of MS and MSD recoveries. The data for PAHs

must be considered to have a moderate to high uncertainty.

Three field duplicate pairs out of seven had individual parameter RPDs that exceeded the 50 percent

reference point (Table B-6). It is possible that these samples were affected by a "hot spot" due to the
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heterogeneity of soil samples. In addition, several of the RPDs that exceeded the 50 percent reference

point were caused by results that were near the detection limit. Sample heterogeneity also has an effeCt

on precision in soil samples. This is evident because the degree of imprecision is generally greater for

field duplicates than for laboratory duplicates in terms of frequency of exceeding the 50 percent reference

point and the number of parameters affected. Therefore, the measured analytical variability is

comparable to or better than the small scale variability within a sample. 8y inference, the analytical

variability is also less than the variability from sample to sample, which should be no less than variability

within a single sample. In short, the degree of imprecision was typical but the potential for occasional

erratic results must be considered as evident from the "field duplicate results. Matrix effects appear to

have contributed to the level of imprecision. In the absence of the matrix effects, the degree of precision

would be expected to be greater (Le., variability WOuld be less).

Total Metals in Soil and Sediment

BPDs for copper and lead in field duplicates exceeded the 50 percent reference point (Table 8-6). The

observed exceedances do not appear to be unusual and are interpreted to represent natural sample

heterogeneity. A typical level of uncertainty was demonstrated for metals in sediment and soil replicate

samples, however, the potential for occasional erratic results must be considered as evident from the field

duplicate results.

8.3.5 Comparability

Comparability is defined as the confidence with which one data set can be compared with another (e;g.,·

among sampling points and among sampling events). Comparability was achieved by using standardized

sampling and analysis methods, as well as standardized data reporting formats. Comparability of field data

was" ensured by following the Additional ScrutinyOAPP (TtNUS, August 2005) and the Interim Offshore

. Monitoring Plan (TtNUS, October 1999). Comparability of laboratory measurements was achieved

primarily through' the use. and documentation of standard sampling and analytical methods. Results were

reported in units that ensured comparability with previous data and with current state and federal standards

and guidelines. Comparability of laboratc;>ry measurements was assessed primarily through the use of QC

samples and through adherence to the project plans. No comparability problems were detected.

The laboratory analyzed various OC samples along with the environmental samples.to allow data users to

assess the overall quality of the data. Tables 8-8 and 8-9 show the rates of data qualification that

resulted from application of the da:ta validation process for sediment and soil samples, respectively. The

numerical qualification rates presented in the table represent the percentage of data qualified as indicated

forthe indi~ated reason. An example using an excerpt form Table 8-8 is the best way to explain how to

interpret the table:
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Validation Qualifier
Fraction Parameter Code

J R U UJ
M .cOPPER D 12.5 0.0 0.0 0.0

DI 87.5 0.0 0.0 0.0
LEAD G 100.0 0.0 0.0 0.0
NICKEL D 12.5 0.0 0.0 0.0

I 87.5 0.0 0.0 0.0

The 12.5 in the "J" Validation Qualifier column indicates that 12.5 percent of the J-qualified data for

copper were qualified that way because of reasons "D" (Code =D). The 87.5 in the J-qualifier column

indicates that 87.5 percent of the J-qualified data were qualified that way for reasons "D" and "I" (Code

DI). The Codes are defined at the bottom of the table. The sum of these percentages is 100, which

indicates that all of the J-qua:Jified copper data were qualified that way for these two reasons.

All other values in the table are to be interpreted in a similar manner. Quantitative summaries of accuracy

arid precision are provided in Sections .8.3.3 and 8.3.4. Inability to achieve target detection limits in

several cases was also considered (See Section 8.3.2).

8.3.6 Representativeness

Representativeness is an expression of the degree to which data accurately and precisely depict the

actual characteristics of a population or environmental condition existing at an individual sampling point

and is contingent on a good design for the sampling program. Ideally, for each environmental medium

investigated, there would be two general populations - site and background. The site population(s) is the

portion of a medium potentially contaminated as a result of site operations.. Sampling of the site

population was designed to directly support the project objectives of determining the nature and extent of

contamination and evaluating human and ecological risks. The background population is that portion of a

medium that is similar to the site population but expected or known not to be contaminated through site

operations. A background population is a point of reference for understanding whether or not site

chemical concentrations represent site-related conta.mination. For this project "background" areas are

called "Reference" areas.

Data·were collected from the locations specified in the Additional Scrutiny QAPP (TtNUS, August 20(5)

and Interim Offshore Monitoring Plan (TtNUS, October 1999) with modifications in the Rounds 1 through

7 interim offshore monitoring report (TtNUS, November 2004). There were only minor modifications that

reflect uncertainty in marking the locations in the field. The project plans and the use of. standardized

sampling, sample handling, sample analysis, and data reporting procedures were designed so that the
. \

final data would be accurate representations of actual site conditions. It is believed that all reported data

are adequately representative of site conditions.

8-16



References for Appendix B

Environmental Service Assistance Team USEPA Region I Dioxin Data Validation, SOP # ESAT-01-QOO7,

May 2000.

TtNUS (Tetra Tech NUS, Inc), October 1999. Interim Offshore Monitoring Plan Operable Unit 4 for

Portsmouth Naval Shipyard, Kittery, Maine. King of Prussia, Pennsylvania.

TtNUS, November 2004. Interim Offshore Monitoring Program Rounds 1 through 7 Report for

Portsmouth Naval Shipyard, Kittery, Maine.. King of Prussia, Pennsylvania.

TtNUS, August 2005. Additional Scrutiny Quality Assurance Project Plan for OU4 for Portsmouth Naval

Shipyard, Kittery, Maine. King of Prussia, Pennsylvania.

TtNUS, January 2006. Interim Offshore Monitoring Program Round 8 Data Package for Portsmouth

Naval Shipyard, Kittery, Maine. King of Prussia, Pennsylvania.

. . TtNUS, February 2006. AdditionalScrutiny Investigation Data Package for Portsmouth· Naval Shipyard,

Kittery, Maine. King of Prussia, Pennsylvania.

USEPA (United States Environmental Protection Agency), June 1988, Region I Laboratory Data

Validation Functional Guidelines for Evaluating Inorganic Analyses, June 1988, as modified in February

1989.

USEPA Region 1 Tiered Organic and Inorganic Data Validation Guidelines. July, 1993.

USEPA, December 1996. USEPA New England Data Validation Functional Guidelines for Evaluating

Organic Analyses.

USEPA, Octob~r 1999. Region 1, Final Quality Assurance Project Plan Manual, USEPA-New England,

Region 1 Quality Assurance Staff, Office of Environmental Measurement and Evaluation.

B-17



List of Acronyms

%C - Percent completeness

%R - Percent recovery

DOl - Data quality indicator

DOR - Data quality review

LCS - Laboratory control sample

LCSD - Laboratory control sample duplicate

MDL - Method detection limit

MS - Matrix Spike·

MSD - Matrix spike duplicate

PAH - Polycyclic aromatic hydrocarbon

PCB - Polychlorinated biphenyl

OAPP - Oualityassurance project plan

OC - Ouality control

RPD - Relative percent difference

SOP -.Standard operating procedure

SVOC - Semivolatile organic compound

TOC - Total organic carbon

TtNUS - Tetra Tech NUS. Inc.

USEPA - United States Environmental Protection Agency
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TABLE B-4
MIN/MAX NONDETECTED VALUES FOR SEDIMENTS

ROUND 8 OF THE INTERIM OFFSHORE MONITORING PROGRAM AND THE ADDITIONAL SCRUTINY INVESTIGATION
PORTSMOUTH NAVAL SHIPYARD

KITTERY, MAINE
PAGE 1 OF 2

Target Laboratory
Investigation Fraction Parameter Units Minimum Maximum MDL MDL

Additional Scrutiny SVOC 13A,17B-20S-ETHYLDIACHOLESTANE UG/KG 0.78 0.78 NA NA
RETENE UG/KG 0.69 1.9 NA NA

PEST/PCB ALDRIN UG/KG 0.17 2 10 0.042
ALPHA-BHC UG/KG 0.12 0.83 10 0.043
ALPHA-CHLORDANE UG/KG 2.7 2.7 10 0.042
BETA-BHC UG/KG 0.73 3.3 10 0.036
CIS-NONACHLOR UG/KG 0.29 0.29 10 0.039
DELTA-BHC UG/KG 5.7 5.7 10 0.037
ENDOSULFAN II UG/KG 0.26 6.7 10 0.027
ENDRIN UG/KG 0.26 5.7 5 0.054
GAMMA-BHC (LINDANE) UG/KG 0.17 2.9 10 0.04
GAMMA-CHLORDANE UG/KG 4.2 4.2 10 0.044
HEPTACHLOR UG/KG 0.31 0.52 10 0.042
HEXACHLOROBENZENE UG/KG 1.4 1.4 10 0.076
OXYCHLORDANE UG/KG 1.5 5.7 10 0.044
TRANS-NONACHLOR UG/KG 0.28 0.28 10 0.045

Round 8 DIOX 1,2,3,4,6,7,8,9-OCDF NG/KG 1 4.7 NA 10
1,2,3,4,6,7,8-HPCDD NG/KG 1.4 1.4 NA 5
1,2,3,4,6,7,8-HPCDF NG/KG 0.65 2.2 NA 5
1,2,3,4,7,8,9-HPCDF NG/KG 0.46 4.9 NA 5
1,2,3,4,7,8-HXCDD NG/KG 0.58 4 NA 5
1,2,3,4,7,8-HXCDF NG/KG 0.55 8.4 NA 5
1,2,3,6,7,8-HXCDD NG/KG 0.61 12 NA 5
1,2,3,6,7,8-HXCDF NG/KG 0.47 4.4 NA 5
1,2,3,7,8,9-HXCDD NG/KG 0.64 11 NA 5
1,2,3,7,8,9-HXCDF NG/KG 0.36 4 NA 5
1,2,3,7,8-PECDD NG/KG 0.51 5.7 NA 5
1,2,3,7,8-PECDF NG/KG 0.32 2.3 NA 5
2,3,4,6,7,8-HXCDF NG/KG 0.34 6 NA 5
2,3,4,7,8-PECDF NG/KG 0.37 3.6 NA 5
2,3,7,8-TCDD NG/KG 0.26 1.4 NA 1
2,3,7,8-TCDF NG/KG 0.31 0.58 NA 1
TOTAL HPCDD NG/KG 1.6 1.6 NA 5
TOTAL HPCDF NG/KG 0.7 2.2 NA 5
TOTAL HXCDD NG/KG 0.72 4.8 NA 5
TOTAL HXCDF NG/KG 0.6 3.7 NA 5
TOTAL PECDD NG/KG 0.61 7.4 NA 5
TOTAL PECDF NG/KG 0.49 9.4 NA 5
TOTAL TCDD NG/KG 0.34 1.6 NA 1
TOTAL TCDF NG/KG 0.31 0.81 NA 1

SVOC 1,1-BIPHENYL UG/KG 2.5 16 20 0.83
1-METHYLNAPHTHALENE UG/KG 2.5 16 20 2.35
1-METHYLPHENANTHRENE UG/KG 2.5 2.7 20 0.77
2,3,5-TRIMETHYLNAPHTHALENE UG/KG 2.5 2.8 NA NA
2,6-DIMETHYLNAPHTHALENE UG/KG 2.5 2.7 20 2.09
2-METHYLNAPHTHALENE UG/KG 2.5 2.7 20 3.21
ACENAPHTHENE UG/KG 2.5 2.7 20 0.52
ACENAPHTHYLENE UG/KG 2.5 2.7 20 0.78
ANTHRACENE UG/KG 2.6 2.7 20 0.52
BENZO(K)FLUORANTHENE UG/KG 35 35 20 0.49
DIBENZOTHIOPHENE UG/KG 2.5 2.7 20 0.75
FLUORENE UG/KG 2.5 2.7 20 0.8
NAPHTHALENE UG/KG 2.5 2.7 20 3.64

Non-detects



TABLE B-4
MIN/MAX NONDETECTED VALUES FOR SEDIMENTS

ROUND 8 OF THE INTERIM OFFSHORE MONITORING PROGRAM AND THE ADDITIONAL SCRUTINY INVESTIGATION
PORTSMOUTH NAVAL SHIPYARD

KITTERY, MAINE
PAGE 2 OF 2

Target Laboratory
Investigation Fraction Parameter Units Minimum Maximum MDL MDL

Non-detects

Round 8 PEST/PCB 4,4'-DDT UG/KG 0.4 0.46 2 0.034
ALDRIN UG/KG 0.04 0.28 2 0.036
ALPHA-BHC UG/KG 0.077 1 2 0.073
ALPHA-CHLORDANE UG/KG 0.3 0.3 2 0.015
BETA-BHC UG/KG 0.18 0.22 2 0.088
CIS-NONACHLOR UG/KG 0.25 3.9 2 0.05
ENDOSULFAN II UG/KG 0.063 3.9 2 0.101
ENDRIN UG/KG 0.065 3.9 2 0.197
GAMMA-BHC (LINDANE) UG/KG 0.047 3.9 2 0.021
HEPTACHLOR UG/KG 0.11 0.27 2 0.077
HEXACHLOROBENZENE UG/KG 0.052 0.11 2 0.051
MIREX UG/KG 0.13 0.13 2 0.032
OXYCHLORDANE UG/KG 0.14 0.28 2 0.019
PCB-101 UG/KG 0.04 0.14 1 0.064
PCB-105 UG/KG 0.041 0.085 1 0.049
PCB-114 UG/KG 0.036 5.3 1 0.05
PCB-118 UG/KG 0.04 0.15 1 0.096
PCB-123 UG/KG 0.034 5 1 0.05
PCB-126 UG/KG 0.051 7.5 1 0.05
PCB-128 UG/KG 0.04 0.084 1 0.099
PCB-138 UG/KG 0.042 0.088 1 0.042
PCB-153 UG/KG 0.043 0.085 1 0.073
PCB-156 UG/KG 0.04 5.5 1 0.05
PCB-157 UG/KG 0.041 6 1 0.05
PCB-167 UG/KG 0.031 3.6 1 0.05
PCB-169 UG/KG 0.039 5.6 1 0.05
PCB-170 UG/KG 0.04 4.6 1 0.443
PCB-18 UG/KG 0.027 0.058 1 0.071
PCB-180 UG/KG 0.041 0.083 1 0.031
PCB-187 UG/KG 0.041 0.086 1 0.046
PCB-189 UG/KG 0.042 6.1 1 0.05
PCB-195 UG/KG 0.04 0.31 1 0.028
PCB-206 UG/KG 0.039 0.082 1 0.031
PCB-209 UG/KG 0.042 0.33 1 0.037
PCB-28 UG/KG 0.044 0.16 1 0.028
PCB-44 UG/KG 0.04 0.15 1 0.052
PCB-52 UG/KG 0.039 0.081 1 0.113
PCB-66 UG/KG 0.033 0.067 1 0.05
PCB-77 UG/KG 0.043 6.3 1 0.05
PCB-8 UG/KG 0.042 5.9 1 0.095
PCB-81 UG/KG 0.031 3.6 1 0.05

Only results with validation qualifiers that contain a "U" are tallied.
Cells are shaded if the values are greater than the Target MDL (or laboratory MDL if a target MDL was not available).

DIOX = Dioxins and furans
MDL = Method detection limit
NA = Not available
SVOC = Semivolatile organic compounds
PEST/PCB = Pesticides/polychlorinated biphenyls

NG/KG = nanogrms per kilogram
UG/KG = micrograms per kilogram



TABLE B-5
QC SAMPLE PERCENT RECOVERIES FOR SOILS AND SEDIMENTS

ROUND 8 OF THE INTERIM OFFSHORE MONITORING PROGRAM AND THE ADDITIONAL SCRUTINY INVESTIGATION
PORTSMOUTH NAVAL SHIPYARD

KITTERY, MAINE
PAGE 1 OF 5

fraction parameter Min Ave Max Count Min Ave Max Count Min Ave Max Count
DIOX 1,2,3,4,6,7,8,9-OCDD 109 109.5 110 2 93 110.5 128 2 41 69.5 98 2

1,2,3,4,6,7,8,9-OCDF 98 104.5 111 2 91 99.5 108 2 95 98.5 102 2
1,2,3,4,6,7,8-HPCDD 99 99.5 100 2 95 108.0 121 2 87 90.5 94 2
1,2,3,4,6,7,8-HPCDF 99 99.5 100 2 100 100.5 101 2 92 101.0 110 2
1,2,3,4,7,8,9-HPCDF 102 104.0 106 2 106 107.5 109 2 104 106.5 109 2
1,2,3,4,7,8-HXCDD 114 117.5 121 2 102 110.5 119 2 111 116.0 121 2
1,2,3,4,7,8-HXCDF 101 103.5 106 2 116 118.0 120 2 117 119.0 121 2
1,2,3,6,7,8-HXCDD 107 112.0 117 2 102 109.0 116 2 94 105.0 116 2
1,2,3,6,7,8-HXCDF 93 95.5 98 2 95 99.0 103 2 96 100.0 104 2
1,2,3,7,8,9-HXCDD 112 117.0 122 2 112 116.0 120 2 110 116.0 122 2
1,2,3,7,8,9-HXCDF 98 98.0 98 2 102 102.0 102 2 103 103.5 104 2
1,2,3,7,8-PECDD 97 97.5 98 2 98 98.0 98 2 99 99.5 100 2
1,2,3,7,8-PECDF 101 101.5 102 2 105 108.5 112 2 104 107.5 111 2
13C-1,2,3,4,6,7,8-HPCDD 113 123.0 133 2 112 125.5 139 2 110 119.5 129 2
13C-1,2,3,4,6,7,8-HPCDF 124 126.0 128 2 101 120.0 139 2 98 112.5 127 2
13C-1,2,3,4,7,8,9-HPCDF 110 114.5 119 2 91 108.0 125 2 90 101.5 113 2
13C-1,2,3,4,7,8-HXCDD 88 90.5 93 2 92 97.0 102 2 86 87.5 89 2
13C-1,2,3,4,7,8-HXCDF 97 102.5 108 2 85 99.0 113 2 84 92.5 101 2
13C-1,2,3,6,7,8-HXCDD 109 109.5 110 2 100 111.5 123 2 99 104.0 109 2
13C-1,2,3,6,7,8-HXCDF 107 114.5 122 2 94 110.5 127 2 90 102.0 114 2
13C-1,2,3,7,8,9-HXCDF 110 113.0 116 2 97 112.5 128 2 92 102.0 112 2
13C-1,2,3,7,8-PECDD 88 88.0 88 2 87 88.5 90 2 86 86.5 87 2
13C-1,2,3,7,8-PECDF 92 92.5 93 2 82 86.0 90 2 81 86.5 92 2
13C-2,3,4,6,7,8-HXCDF 113 117.5 122 2 96 113.0 130 2 93 105.5 118 2
13C-2,3,4,7,8-PECDF 86 86.5 87 2 75 80.5 86 2 75 81.0 87 2
13C-2,3,7,8-TCDD 103 104.0 105 2 101 101.0 101 2 99 101.0 103 2
13C-2,3,7,8-TCDF 91 94.5 98 2 94 95.5 97 2 95 95.0 95 2
13C-OCDD 103 120.5 138 2 111 124.0 137 2 107 114.5 122 2
2,3,4,6,7,8-HXCDF 95 95.5 96 2 99 100.5 102 2 103 103.0 103 2
2,3,4,7,8-PECDF 108 108.5 109 2 109 111.0 113 2 109 109.0 109 2
2,3,7,8-TCDD 85 86.0 87 2 93 96.0 99 2 90 95.5 101 2
2,3,7,8-TCDF 99 99.5 100 2 82 98.5 115 2 93 99.5 106 2
37CL4-2,3,7,8-TCDD 86 89.0 92 2 86 89.0 92 2 88 89.0 90 2

MS MSDLCS
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fraction parameter Min Ave Max Count Min Ave Max Count Min Ave Max Count
MS MSDLCS

M ALUMINUM 96 96.0 96 1 --- --- --- --- --- --- --- ---
ARSENIC 92.2 92.2 92.2 1 85.9 85.9 85.9 1 78.8 78.8 78.8 1
CADMIUM 93.5 93.5 93.5 1 92.2 92.2 92.2 1 85.4 85.4 85.4 1
CHROMIUM 96.8 96.8 96.8 1 92.8 92.8 92.8 1 83.7 83.7 83.7 1
COPPER 94 102.2 110 6 53 89.7 127 3 54 73.8 101 3
IRON 100.6 100.6 100.6 1 --- --- --- --- --- --- --- ---
LEAD 91 96.4 103 7 70.7 81.3 91.9 2 77.7 77.7 77.7 1
MANGANESE 98 98.0 98 1 98 98.0 98 1 88 88.0 88 1
NICKEL 95.6 102.2 109 6 78 89.6 96 6 74.1 86.2 96 6
SILVER 93.9 93.9 93.9 1 106 106.0 106 1 82.6 82.6 82.6 1
ZINC 90.5 90.5 90.5 1 89 89.0 89 1 77.3 77.3 77.3 1

MISC TOTAL ORGANIC CARBON 98 106.0 119 7 68 106.9 178 8 --- --- --- ---
PAH 1,1-BIPHENYL 102 114.0 120 5 107 117.8 129 4 107 118.0 139 4

1-METHYLNAPHTHALENE 110 113.3 120 3 93 101.0 106 4 93 101.0 105 4
1-METHYLPHENANTHRENE 110 110.0 110 3 30 71.0 106 3 42 90.3 169 3
2,3,5-TRIMETHYLNAPHTHALENE 110 110.0 110 3 96 110.8 123 4 86 102.3 123 4
2,6-DIMETHYLNAPHTHALENE 85 101.7 110 3 93 107.8 116 4 82 101.8 117 4
2-METHYLNAPHTHALENE 110 116.7 120 3 87 98.5 104 4 68 99.5 127 4
2-METHYLNAPHTHALENE-D10 94 98.7 106 3 70 83.5 97 2 --- --- --- ---
ACENAPHTHENE 89 101.4 127 8 90 115.0 143 5 84 124.3 147 4
ACENAPHTHENE-D10(SS) 56 64.3 71 3 41 64.0 83 4 56 70.5 85 4
ACENAPHTHYLENE 85 98.5 110 6 50 102.8 127 5 57 90.5 120 4
ANTHRACENE 97 101.2 110 6 119 163.7 226 3 226 277.7 350 3
BENZO(A)ANTHRACENE 87 101.3 120 6 144 152.5 161 2 --- --- --- ---
BENZO(A)PYRENE 85 98.3 120 6 159 208.5 258 2 38 38.0 38 1
BENZO(B)FLUORANTHENE 79 99.3 130 8 148 203.0 258 2 --- --- --- ---
BENZO(E)PYRENE 91 108.0 130 5 38 67.5 97 2 115 115.0 115 1
BENZO(G,H,I)PERYLENE 82 92.9 130 8 115 132.0 161 3 154 154.0 154 1
BENZO(K)FLUORANTHENE 88 104.8 120 6 129 133.5 138 2 --- --- --- ---
BENZO[B]FLUORANTHENE-D12 88 103.0 117 3 74 85.0 96 2 --- --- --- ---
C1-CHRYSENES 95 99.0 103 2 --- --- --- --- --- --- --- ---
C1-DIBENZOTHIOPHENES 106 107.5 109 2 --- --- --- --- --- --- --- ---
C1-FLUORANTHENES/PYRENES 95 96.5 98 2 --- --- --- --- --- --- --- ---
C1-FLUORENES 106 107.0 108 2 --- --- --- --- --- --- --- ---
C1-NAPHTHALENES 103 105.0 107 2 --- --- --- --- --- --- --- ---
C1-PHENANTHRENES/ANTHRACENES 105 108.5 112 2 --- --- --- --- --- --- --- ---
C2-CHRYSENES 87 97.0 107 2 --- --- --- --- --- --- --- ---
C2-DIBENZOTHIOPHENES 112 114.0 116 2 --- --- --- --- --- --- --- ---
C2-FLUORANTHENES/PYRENES 91 93.5 96 2 --- --- --- --- --- --- --- ---
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fraction parameter Min Ave Max Count Min Ave Max Count Min Ave Max Count
MS MSDLCS

PAH C2-FLUORENES 103 103.5 104 2 --- --- --- --- --- --- --- ---
C2-NAPHTHALENES 108 109.5 111 2 --- --- --- --- --- --- --- ---
C2-PHENANTHRENES/ANTHRACENES 105 106.0 107 2 --- --- --- --- --- --- --- ---
C3-CHRYSENES 113 114.5 116 2 --- --- --- --- --- --- --- ---
C3-DIBENZOTHIOPHENES 114 117.5 121 2 --- --- --- --- --- --- --- ---
C3-FLUORANTHENES/PYRENES 128 128.0 128 2 --- --- --- --- --- --- --- ---
C3-FLUORENES 108 114.0 120 2 --- --- --- --- --- --- --- ---
C3-NAPHTHALENES 108 108.5 109 2 --- --- --- --- --- --- --- ---
C3-PHENANTHRENES/ANTHRACENES 110 112.5 115 2 --- --- --- --- --- --- --- ---
C4-CHRYSENES 116 119.0 122 2 --- --- --- --- --- --- --- ---
C4-DIBENZOTHIOPHENES 116 118.5 121 2 --- --- --- --- --- --- --- ---
C4-NAPHTHALENES 112 114.5 117 2 --- --- --- --- --- --- --- ---
C4-PHENANTHRENES/ANTHRACENES 103 104.5 106 2 --- --- --- --- --- --- --- ---
CHRYSENE 110 113.3 120 3 77 119.0 161 2 129 141.5 154 2
CHRYSENE/TRIPHENYLENE 95 98.8 108 5 140 140.0 140 1 --- --- --- ---
CHRYSENE-D12(SS) 48 65.3 80 3 42 52.8 60 4 52 62.8 82 4
DIBENZO(A,H)ANTHRACENE 68 89.0 120 8 54 70.7 94 3 32 50.5 69 2
DIBENZOTHIOPHENE 109 111.0 116 5 36 73.3 116 4 73 94.3 110 3
FLUORANTHENE 70 103.4 120 8 164 164.0 164 1 --- --- --- ---
FLUORENE 91 99.6 110 8 71 99.4 142 5 107 178.5 280 4
HOPANE 104 109.0 114 2 --- --- --- --- --- --- --- ---
INDENO(1,2,3-CD)PYRENE 90 103.3 140 6 129 140.0 151 2 --- --- --- ---
NAPHTHALENE 87 103.3 120 8 92 105.4 128 5 93 104.0 133 4
NAPHTHALENE-D8(SS) 46 57.0 70 3 44 68.5 86 4 60 75.8 83 4
PERYLENE 81 103.7 120 3 77 87.0 97 2 32 35.0 38 2
PERYLENE-D12(SS) 50 58.7 67 3 53 56.8 62 4 57 64.3 77 4
PHENANTHRENE 92 106.5 120 8 38 88.0 129 3 129 338.0 500 3
PHENANTHRENE-D10(SS) 55 65.0 72 3 43 72.8 94 4 70 75.8 80 4
PYRENE 83 102.5 120 8 168 168.0 168 1 231 231.0 231 1
PYRENE-D10 83 111.0 129 3 74 92.0 110 2 --- --- --- ---

PEST/PCB 2,2',5-TRICHLOROBIPHENYL 74 76.0 78 2 48 61.5 75 2 48 60.5 73 2
2,4,5,6-TETRACHLORO-M-XYLENE 85 94.5 105 4 71 89.8 114 6 69 83.3 102 6
2,4'-DDD 87 97.0 107 2 36 59.8 73 4 24 51.8 63 4
2,4'-DDE 160 170.0 180 2 24 66.0 114 4 11 70.3 119 3
2,4'-DDT 87 90.0 93 2 60 74.0 82 4 48 67.0 80 4
2,4'-DICHLOROBIPHENYL 73 75.0 77 2 48 48.5 49 2 54 57.0 60 2
4,4'-DDD 90 91.5 93 2 71 79.8 91 4 60 71.5 81 4
4,4'-DDE 87 90.0 93 2 60 67.5 81 4 48 62.5 71 4
4,4'-DDT 90 93.5 97 2 24 58.8 80 4 21 50.3 74 4
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PEST/PCB ALDRIN 83 85.0 87 2 57 66.0 71 4 50 62.5 74 4
ALPHA-BHC 80 86.5 93 2 56 65.8 70 4 50 62.8 75 4
ALPHA-CHLORDANE 90 90.0 90 2 68 71.3 74 4 60 67.3 76 4
BETA-BHC 87 87.0 87 2 -44 68.8 141 4 -51 72.5 213 4
CIS-NONACHLOR 87 88.5 90 2 73 87.8 111 4 65 77.5 90 4
DELTA-BHC 77 82.0 87 2 67 72.5 76 4 59 67.3 76 4
DIELDRIN 87 93.5 100 2 -11 31.3 68 4 -24 26.3 68 4
ENDOSULFAN II 60 68.5 77 2 55 65.3 71 4 57 61.3 66 4
ENDRIN 90 91.5 93 2 55 67.8 77 4 47 63.3 75 4
GAMMA-BHC (LINDANE) 83 88.0 93 2 60 69.0 74 4 53 65.0 74 4
GAMMA-CHLORDANE 87 88.5 90 2 64 69.3 72 4 58 63.3 68 4
HEPTACHLOR 80 85.0 90 2 58 67.8 74 4 49 63.0 74 4
HEPTACHLOR EPOXIDE 160 170.0 180 2 89 115.3 145 4 77 107.5 132 4
HEXACHLOROBENZENE 83 86.5 90 2 54 67.5 73 4 53 65.3 78 4
MIREX 90 91.5 93 2 -12 33.3 82 4 -24 28.3 85 4
OXYCHLORDANE 83 85.0 87 2 55 65.3 75 4 46 60.3 75 4
PCB 205 (BZ) 99 99.5 100 2 88 91.5 95 2 88 92.5 97 2
PCB-101 72 74.0 76 2 65 81.0 97 2 69 88.5 108 2
PCB-105 82 82.0 82 2 66 70.5 75 2 77 87.5 98 2
PCB-118 99 101.5 104 2 63 91.5 120 2 67 95.0 123 2
PCB-126 75 77.0 79 2 89 90.0 91 2 76 82.0 88 2
PCB-128 76 76.5 77 2 62 71.0 80 2 65 75.5 86 2
PCB-138 75 75.5 76 2 47 79.0 111 2 50 90.0 130 2
PCB-153 76 76.5 77 2 47 73.5 100 2 54 84.0 114 2
PCB-156 86 86.5 87 2 72 81.5 91 2 75 86.0 97 2
PCB-169 87 88.0 89 2 90 98.5 107 2 64 67.5 71 2
PCB-170 78 79.0 80 2 59 72.0 85 2 60 74.0 88 2
PCB-180 80 80.5 81 2 71 86.0 101 2 73 91.5 110 2
PCB-187 77 77.0 77 2 53 66.0 79 2 54 69.0 84 2
PCB-195 58 71.0 84 2 52 67.0 82 2 47 68.0 89 2
PCB-198 83 93.5 104 2 79 87.3 98 4 75 85.3 102 4
PCB-206 75 78.0 81 2 68 90.0 112 2 68 77.5 87 2
PCB-209 74 77.5 81 2 65 66.0 67 2 60 62.5 65 2
PCB-28 78 78.0 78 2 50 57.5 65 2 57 59.0 61 2
PCB-44 74 76.5 79 2 60 67.5 75 2 64 71.5 79 2
PCB-52 69 70.5 72 2 51 60.0 69 2 56 60.5 65 2
PCB-66 80 82.5 85 2 76 85.5 95 2 80 85.5 91 2
PCB-77 79 79.5 80 2 68 69.5 71 2 69 71.0 73 2
TRANS-NONACHLOR 83 86.5 90 2 64 68.5 72 4 54 64.8 76 4
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PET 1,2-DIPHENYLBENZENE 90 97.0 105 3 77 85.0 93 2 --- --- --- ---
D50-TETRACOSANE 82 88.7 97 3 74 80.0 86 2 --- --- --- ---
DECANE 79 90.3 101 3 40 53.5 67 2 --- --- --- ---
DODECANE 90 96.7 102 3 57 70.5 84 2 --- --- --- ---
HEXADECANE 96 101.7 106 3 78 92.5 107 2 --- --- --- ---
HEXATRIACONTANE 91 98.3 105 3 80 90.0 100 2 --- --- --- ---
ICOSANE 95 101.3 106 3 33 72.5 112 2 --- --- --- ---
N-DOCOSANE (C22) 92 98.3 103 3 63 84.0 105 2 --- --- --- ---
N-HEXACOSANE (C26) 93 99.7 105 3 78 89.0 100 2 --- --- --- ---
N-OCTACOSANE (C28) 92 98.7 104 3 83 91.5 100 2 --- --- --- ---
NONADECANE 94 100.0 104 3 58 84.0 110 2 --- --- --- ---
NONANE 64 82.0 101 3 33 43.0 53 2 --- --- --- ---
N-TRIACONTANE (C30) 91 98.0 104 3 75 89.0 103 2 --- --- --- ---
OCTADECANE 93 98.7 103 3 59 83.0 107 2 --- --- --- ---
TETRACOSANE 91 97.3 102 3 91 95.0 99 2 --- --- --- ---
TETRADECANE 92 98.0 103 3 92 93.0 94 2 --- --- --- ---

Only results with units = % are tallied.
Values are shaded if they are less than 75 percent or greater than 125 percent.

DIOX = Dioxins and furans
M = Metals, total
MISC = Miscellaneous parameters
OS = Semivolatile organic compounds
PAH = Polycyclic aromatic hydrocarbons
PEST/PCB = Pesticides/polychlorinated biphenyls
PET = Petroleum Range Organics

LCS = Laboratory control sample
LCSD = Laboratory control sample duplicate
MS = Matrix spike (laboratory)
MSD = Matrix spike duplicate (laboratory)
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SOIL LCS RPDs SOIL MS/MSD RPDs
Fraction Parameter Min Ave Max Count Min Ave Max Count 
DIOX 1,2,3,4,6,7,8,9-OCDD 5.2 54.1 103.0 2
SVOC 1-METHYLPHENANTHRENE 66.7 76.0 86.5 3

ANTHRACENE 6.9 7.4 7.9 2 0.0 49.3 98.5 2
BENZO(E)PYRENE 100.7 100.7 100.7 1
CHRYSENE 22.1 44.4 66.7 2
DIBENZO(A,H)ANTHRACENE 8.9 11.8 14.7 2 24.4 45.5 66.7 2
FLUORENE 6.4 7.4 8.4 2 0.0 50.4 105.2 4
NAPHTHALENE-D8(SS) 3.6 19.8 55.7 4
PERYLENE 67.8 84.3 100.8 2
PHENANTHRENE 7.5 8.4 9.3 2 28.3 96.2 164.1 2
PHENANTHRENE-D10(SS) 5.2 21.6 53.0 4

PEST/PCB 2,4'-DDE 4.3 38.9 97.7 3
4,4'-DDT 5.3 43.9 86.5 3

Shaded cells are RPDs that are greater than 50 percent.

DIOX = Dioxins and furans
M = Metals, total
MISC = Miscellaneous parameters
SVOC = Semivolatile organic compounds
PEST/PCB = Pesticides/polychlorinated biphenyls
LCS = Laboratory control sample
MS/MSD = Matrix spike/matrix spike duplicate
RPD = Relative percent difference

Min = Minimum
Ave = Average
Max = Maximum





































































































































TECHNICAL MEMORANDUM
MAY 2005 ADDITIONAL SCRUTINY SAMPLING AT MS-11

PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

Introduction

Interim Offshore Monitoring Station MS-11 is located in the Main Channel ofthe Piscataqua
River, off shore of Operable Unit 2 (OU2) at Portsmouth NavalShipyard (PNS), Kittery, Maine.
The Additional Scrutiny Quality Assurance Project Plan (QAPP) describes the data collection
activities that are needed as part of additional scrutiny for select offshore monitoring stations.
For MS-11, unacceptable levels of copper, lead, and nickel are present in the sediment at MS
11, Loc. 3 and although erosion of contaminated soil from the OU2 shoreline and possibly the
wooded area to the 'east of Building 310is suspected, this has not been confirmed. Data needs
were identified to confirm whether eroding material at OV2 (from direct erosion of soil and/or
from erosion of soil into storm sewers to discharge in the offshore area) is the likely SOUf(~e of
sediment metals contamination at MS-11. The following data collection activities were identified
in theQAPP:

• Collection of sediment from one catch basin that collects storm water runoff near a soil
erosion area at OU2. The sample was to be analyzed for copper, lead, and nickel.

• Collection of two composite samples, from soil erosional areas. The samples were to be
analyzed for copper, lead,'and nickel.

As discussed at the May 5,2005 technical conference call (see the meeting minutes included in
Appendix Eof the Additional Scrutiny QAPP), the Navy will conduct a removal ~ction (shoreline
stabilization) for portions of the OU2 shoreline. To support the removal action planning, the

.' .

additional scrutiny sampling and analytical activities for MS-11 were conducted before the
additional scrutiny activities for the other monitoring stations.

Field'and Analysis Activities

Additional scrutiny sampling activities for MS-11 were conducted on May 26, 2005 and included
the following: '
• Collection of a composite surface soil sample AS11-SS01 from 0·to·2 inches for analysis of

copper, lead, and nickel. The sample was collected south of Building 298 and west of the
west end of the seawall, within a 40 foot radius, on the river side of the top of. the slope of
the shoreline where an area of visual signs of erosion was noted. The sample was a

. composite of two trowels of soil from five locations. Lead mesh fragments were noted at this
location; however, no large debris was included in the sample container. Loose material
and visible erosion also was noted at this location.

• Collection of a composite surface soil sample AS11-SS02 from 0 to 2 inches for analysis of
copper, lead, and nickel. The sample was collected east of Building 310, within a 10 foot
radius, on the river side of the top of the slope of the shoreline were an area of visual signs
of erosion was noted (near the east end of the sea wall).. The sample was a composite of
two trowels of soil. from five locations~ Metal debris including rust' flakes, metal coils and
shavings, nuts, and bolts were observed in this area. No large debris was included in the
sample container. Visible erosion also was noted at this location. _

• Collection of a composite sedirnent sample AS11-CB01 from the storm water catch basin
located south of Building 298, which collects storm water runoff that may contain soil eroded
from the berm along the river, for analysis of copper, lead, and nickel. The sample Was a
composite of multiple grabs of sediment within the catch basin. The sediment was about 4
inches deep. The uppermost 1 inch of sediment was coarser-grained (similar to the road
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sand and asphalt debris washing into the catch basin) and the sediment beneath thismaterial consisted of .about 2 to 3 inches of finer grained black sediment. A strong hydrogensulfide odor, a moderate petroleum odor, and sheen was ·noted. About 2 to 4 inches ofstorm water flowing over the sediment was present in the catch basin (there wasprecipitation prior to sampling).
• Exploratory digging at two locations (H1 and H2) in the wooded area east of Building 310 to .determine whether metal debris observed in the area was only on the surface or exten~eddeeper. The locations were dug to 0.8 and 1.5 feet below ground surface (bgs) where therewas refusal from large pieces of metal debris.· .

Sample locations were estimated from field measurements and the aerial photograph for theOU2/MS-11 area; sample locations were not surveyed. In addition to the observations of thesite discussed above, a visual inspection of the shoreline was conducted in 2004 and amemorandum was included in Appendix A of the QAPP. In summary, soil containing metal·debris is eroding to the· offshore area west of the west end of the seawall and east of Building310 (see Figure 1). Soil from these areas, especially from the area west of Building 310 Is likely. depositing in the sediment by MS-11 STA. 3.

Duplicate samples were.collected for both soil sampling locations for analysis of copper, lead,'and nickel. One of the duplicate samples was re-extracted and re-analyzed because the initialresults were several times lower than the original sample. The results of the· re-analyzedduplicate sample were similar to the results in the original sample so· the results of the initialduplicate sample were not used. The cause of the discrepancy in chemical concentrationsbetween the original sample and the initial duplicate sample is not known but is likely caused by,theheterogeneity'ofthe sample. .

The .samples were analyzed using either SW-846 601 Oor SW-846 6020.because some of themetals concentrations in the samples were very high and the sensitivity of ICP-MS (used inMethod 6020) would have required very large dilutions for the samples. The data underwent aTIER III validation, and the validation report is attached. . . .

Results

Table 1 provides a summary of the sample locations, samplellocation description, and analyticalresults. Figure 1 shows the sampling locations. The concentrations of metals are greater atAS11-SS02 (using original and duplicate results), than they are at AS11-SS01. The sample atAS11-SS02 was collected along the shoreline adjacent to sediment sample location MS11 STA3. In summary; the elevated levels of metals found in soil from OU2 appear to be the Hkelysource of the concentrations of metals observed in the sediment .at MS11STA 3 for thefollowing reasons:

• There are visual signs of soil erosion that would indicate potentially contaminated soil isbeing released to the offshore area. .
• There is visual metal debris in the soil collected from both areas where soil samples werecollected.. . .
• Elevated levels of metals were found in soil samples collected from areas eroding to theoffshore area. In fact, the concentrations of metals detected at AS11-SS02 (the soil samplecollected closest to MS11 STA. 3 at the eastem end of the seawall) were greater then the. maximum concentrations in the sediment samplesfrbm MS11 STA. 3. ..
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APPENDIX D

RESPONSES TO COMMENTS



RESPONSES TO USEPA COMMENTS DATED APRIL 4, 2007
DRAFT ADDITIONAL SCRUTINY REPORT FOR OU4
PORTSMOUTH NAVAL SHIPYARD,KITTERY, MAINE

General Comments

1. Comment: MS-01

The conclusions drawn regarding current contribution of contaminants to the near or off
shore are still unresolved. The trend analyses provided through Hound·7 and current
sampling do show increasing trends in spite of the Navy assertion that the results are
anomalous. Current data also suggests potential historic and continuing source at this
location. Intermittent contributions (scattered data) may result from variable episodes of soil
erosion.

Response: It was agreed during the April 16, 2007 technical meeting that the trend lines are
difficult to interpret because of the variability in the data. Therefore, the Navy recommends
removing the trend lines from the plots and placing less emphasis on trends in the Additional
Scrutiny Report. Also, please see responses to USEPA Specific Comments NO.2 and 3.

2. Comment: MS-12

The conclusions presented for the additional scrutiny investigation of this MS are not
concurred with. There appears to be a subjective interpretation of the distribution of lead in
sediment data. In fact, the entire section. of lead in sediments at MS-12 being related to Site
10 appears to be more argumentative rather than· an analysis of the data present.

Response: The conclusions of the additional scrutiny investigation were discussed at the
April 26, 2007 technical meeting (see attached meeting notes). The Navy agreed to revise
the conclusions to make them more definitive regarding Sites 5 and 10 being historic
sources of contamination to the offshore area. The information presented below in this
response will be added to the Additional Scrutiny Investigation report. It was agreed during
the technical meeting that Site 10 is not a current source of contamination to the offshore
area bas~d on the results of the additional scrutiny and Site 10 investigations.

Past releases of wastes to the offshore through the Industrial Waste Outfalls (Site 5) and
from leaks from the tank at Site 10 have been documented. There are no current releases
of waste through the outfalls or from lead battery operations in Building 238 at Site 1O.

The industrial waste outfalls were used until approximately 1974 and included an outfall in
the near vicinity of MS-12. From approximately 1955 until 1974 when discharge to the
offshore was discontinued, lead-battery acid wastes from operations in BUilding 238 (at Site
10) were discharged to the industrial waste outfall located near OF-8. From 1974 until 1984,
a tank was used to store lead-battery acid wastes from Building 238 before transport offsite
for treatment. Use of the tank was discontinued in 1984 when the tank was found to be
leaking. Piping from the building to the tank was also discontinued at this time; however, the

. piping was apparently not removed. The tank and surrounding soil were removed in 1986.
It is unknown how long the tank was leaking or how much material leaked. Based on the
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location of the tank 'near the shore and the tidal influence at the site, when the tank was
leaking, it is highly likely that the leaking waste battery acid migrated to the offshore.

Based on investigation at Site 10, which addresses the onshore contamination from lead
battery operations at Building 238, high lead concentrations (greater than 10,000 mglkg)
were found in soil in the crawl space of Building 238 around the pipe that transported the
lead battery acid wastes from the building to the former tank. Residual lead contaminated
soil·around the former tank was also found; however, the concentrations were much lower
than the concentrations found around the pipe." in the crawl space. Groundwater
investigation showed low lead concentrations in groundwater (less than approximately 45
ug/L) and the N~vy concluded that significant migration of lead from soil to groundwater
(and to the offshore) was not occurring and that Site 10 was not a current source of lead to
the offshore.

Specific Comments

1. Comment: Page ES-2, 3rd Bullet, Last Sentence: .

The statement that "Lead contamination at one sampling location may be related to past
releases at Site 10; it does not appear that Site 10 is a current source of lead to the offshore
area" is not supported by the data. The trend plot provided for Location 3 which includes the
additional scrutiny investigation sample continues to show an increasing trend of lead
concentrations.

Response: It was agreed during the April 26, 2007 technical meeting that the trend lines are
difficult to interpret because of the variability in the data so less emphasis will be placed on
the trend line evaluations in the Additional Scrutiny Report. Please also see the Navy's
response to USEPA General Comment NO.2.

2. Comment: Page 4..7, Section 4.5.3:

The discussion provided in this section is somewhat confusing and appears to besomewhat
argumentative to dismissing the MS-01 location as a continuing source of poly aromatic
hydrocarbons (PAH). The data presented and described actually suggests an increasing
trend in PAH from MS-01, at least for some locations. However, there is considerable
language to argue that the data is "scattered" and not really representative of an increasing
trend and therefore, acontinuing source. "

The variability of the data, with still increasing trend overall, may be the result of intermittent
discharges of PAH due to variable erosion episodes, etc.

Response: As discussed in Section 4.5, a line-of-evidence approach was used and the
trend evaluation in Section 4,5.3 is just one line of evidence. Based on the various
evaluations conducted, the Navy concludes in Section 4.7 that Site 34 is not likely a current
primary source; however,if the surface material at Site 34 were disturbed in the future
exposing more ash," Site 34 could become a primary source. Therefore, a removal action is
recommended at Site 34 to prevent erosion of ash from affecting the offshore. The Navy is
planning to conduct the removal action in 2007.
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As discussed in USEPA Specific Comment No.1, less emphasis will be placed on the trendline evaluations in the report.

3. Comment: Page 4-14, Section 4.7, 2nd Paragraph:

The conclusions presented do not appear to be supported by the data presented in thisreport. It appears that MS-01 may,be a continuing source of PAH to off shore sediment aswell as a historical source (Le. Page 4-6, 2nd paragraph: "Based upon the spatial distributiondata, it appears that Site. 34 could be a current or historical source of PAHs at locationsAS01..:SD03, AS01-SD05, and the MS-01interim off shore monitoring station"). Somesamples collected during this additional scrutiny investigation show lower concentrations ofPAHthan the MS-12 stations; however, those samples were not co-located with the MS-12stations. Therefore,the results would appear inconclusive.

Response: The. text on Page 4-6 was only one line of evidence used to evaluate the .. potential source of the PAHs to the offshore area. Based on the lines of evidence inSections 4.5.2, 4.5.3, and 4.5.4, it does not appear that there is a significant continuingsource of contamination to the offshore area. However, the Navy is planning a removalaction in the on-shore area, which will eliminate the potentiallR source of contamination.

4. Comment: Page 7-1, 2nd Paragraph, 1st Sentence:

The statement: "but the source of PAHs and lead in sediment is not known" is in .conflict withthe data presented, at least as far as lead is concerned. Figure 7-2 clearly shows numeroussediment locations with lead in excess of the effects range mean (ERM) value of 218 mg/kgincluding 757 mg/kg at AS12-SD08, 275 feet away from the highest detected concentrationat AS12-SD12. This pattern follows what would be expected on rivet/tidal water movingupstream on the incoming tide. (A similar distribution is not shown for the down stream side;however, there is no similar sampling pattern in the down stream direction). This figure alsoshows a "background" concentration of lead at location AS12-SD14, where lead wasdetected at 42 mg/kg.

Further, the bullets listed on Page 7-2, Section7.2.1 and the results of various investigationsat Site 10 clearly document Site 10 as at least a past, if not continuing, source of lead atMS-12. .

Response: The referenced sentence is in the introductory paragraph to indicate why theadditional scrutiny is being conducted at this monitoring station and is consistent with theQAPP for the investigation. The sentence was not based on any evaluation of the data.Please also see the Navy's response to USEPA General Comment No. 2.

5. Comment: Page 7-5, Section 7.5.1, 2nd Paragraph, 1st Sentence:

What is thebasis for the statement that "...AS12-SD01, which is located in an area notimpacted by Site 10..."? Neither this report nor any other report has ever documenteddepositional transport patterns for lead released from Site 10. However, it is known thattidal waters of the estuary move past, or upstream, of MS-12 on the incoming tide.
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This section also refers to a catch basin (AS12-CB02) as having a similar lead concentration
to AS12-S001 and therefore, the "background" must be around 400 mg/kg. This rational is
flawed. Lead' in the catch basin can just as easily be from Site to lead management
operations. Further review of Figure 7-2 also shows that another location in a more
quiescent; up gradient location from the Site 1obattery maintenance operations within MS
12, Le. AS12-S014 had a lead concentration of 42 mg/kg. This location is more likely
typical of "background" lead concentrations .since' it is less likely to receive lead
contaminated water than AS12-S001. The "background" for this site is more likely
represented by the much lower lead concentration found atAS12-S014 (42mglkg).

Response: The reviewer is correct in that an evaluation of depositional transport patterns
for lead released from Site 10 has not been conducted. However, as agreed to in the April
26, 2007 technical meeting, Site 10 is not a current source of lead to the offshore area. The
referenced sentence will be changed to: ''The lead concentration in the sediment sample at
AS12-S001; which is the furthest AS12 sample from Site 10, ..." The referenced sentences
compares the lead concentrations in the sediment and catch basin to the range of lead
concentrations observed in background soil samples at PNS. No conclusion or decision is
made based on this comparison. Also, note that the catch basin is part of the storm water
system and Ie.ad in the catch basin' would not be from current lead battery operations
because these operations are conducted within BUilding 238.

6. Comment: Page 7-5, Section 7.5.1,.3fd paragraph:

The statement: "Based upon the spatial distribution data, no distinct concentration trend was
observed in the sediment that would point to Site 10 being a current source of lead to the
offshore with the exception of the sample at AS12-S012 is incorrect and also suggests that
a current source does exist from Site 10. Inspection of Figure 7-2 clearly points to a pattern
of elevated lead around Site 10: The concentrations are above "background" of 42 mg/kg
recorded at AS12-S014, the Navy interpretation of 409 mg/kg recorded at AS12-S001 to be
"background" notwithstanding. There are eleven sample locations between Site 10 and
AS12-S001 that exceed the ERM value of 218 mg/kg. Past investigations of Site 10 clearly
document extensive mass of lead released to site soils. Even this report (Section 7.2.1)
states that waste battery acid was directly discharged into the offshore and latter contributed. .
contamination via leaks in piping and an underground storage tank. The highest lead in
sediment (3,120 mg/kg) was detected at AS12·S012 near an outfall from Site 10. The
concentration gradient clearly extends toward AS12-S001 with concentrations of 643 mg/kg

. atAS12-S015 and 757 mg/kgat AS12-S00810cated approximately 275 feet away.

Response: Please see the Navy's response to USEPA General Comment NO.2.

7. Comment: Page 7-5, Section 7.5.1, 4th Paragraph:

This paragraph provides a contorted description of why detected lead concentrations should
be dismissed or why the lead from AS-12-S012 is an isolated value. As noted in the
specific comments above, the data presented on Figure 7-2 clearly documents a spatial
distribution of lead from Site 10 being present at levels exceeding "background" at theERM
value for lead. At the same time, this paragraph concedes that the lead detected at AS12
S012 may be from current contributions from Site 10.
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Response: The Navy does not believe that the referenced section indicates that detected
lead concentrations should be dismissed. Please see the Navy's response to USEPA
General Comment No.2. The attached meeting notes from the April 26, 2007 technical
'meeting presents the additional actions the Navy is recommending for MS-12, inCluding
AS12-SD12. ' -

8. Comment: Page 7-6, Section 7.5.2, 1st Paragraph:

The discussion of current concentration of lead in groundwater from Site 10 being a reason
for excluding Site 10 as at least a historic,if not current, source is not concurred with.

. Response: Please see the Navy's response to USEPA General Comment No.2.

9.. Comment: Page 7-8, Section 7.5.3.1: .

, The entire discussion of lead trend plots appears to be more argumentative than factual.
The discussions imply that the data presented represents "scattered" results. Review of the
trend plots clearly shows an increasing trend in lead concentrations for all three locations for
Rounds 1 through 7.

The discussion' of trends for Locations 1 and 2 is somewhat misleading. While the
additional sample does lower the slope, possibly eradicating the upward trend, it ignores the
other samples collected in the immediate vicinity which show elevated concentrations of
lead. Further, if the Navy can argue that Round 7 was an "anomaly" such as it does for
Location 3, a similar argument can be made for the additional scrutiny sample. .

Nonetheless,the plot in Appendix C.4 shows a continuing increasing trend for Location 3
with the inclusion of the additional scrutiny sample, in spite of the argumentative language
contained in the 4th bullet of this section, i.e. ''variability of the data." There-is no basis for
dismissing the concentrations such as Round 7 as an anomaly as is the ca~e for Location 3.
The position of Location 3, closest to Site 10 would' argue that a continuing contribution of
lead is occurring from the direction of Site 10.

Response: As discussed during the April 26, 2007 technical meeting, some of the variability
in the data was. likely the resultof a barge being removed from Building 178 in 2000 or 2001,
It was agreed during the April 16, 2007 technical meeting that the trend lines are difficult to
interpret because of the variability in the data so ~ess emphasis will be placed on the trend
line evaluations in the Additional Scrutiny Report. Please also see the Navy's responses to
USEPA General Comment No. 2 and USEPA Specific Comment No.1.

10. Comment: Page 7-12, 2nd Bullet:

Based upon the data presented,it appears that Site 10 has, at least historically, contributed
lead to the off shore and the MS-12 area, over a larger area than one sediment sample
location. The continuing upward trend for Location 3 suggests that there may be a current,
ongoing, contribution of lead to numerous sediment samples in the MS-12 area.
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Response: It was agreed during the April 16, 2ob7 technical meeting that the trend lines
are difficult to interpret because of the variability in the data so less emphasis will be placed
on the trend line evaluations in the Additional Scrutiny Report. Please also see the Navy's
response to USEPA General Comment No.2.
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RESPONSES TO MEDEP COMMENTS DATED MARCH 1, 2007
DRAFT ADDITIONAL SCRUTINY REPORT FOR OU4
PORTSMOUTH NAVAL SHIPYARD, KITIERY, MAINE

General Comments

1. Comment: 1;1 Objective and Scope. p. 1-2

In the first paragraph please indicate when Round 10 samples will·be collected.

Response: .The Round 10 samples wiUbe collected in September 2008. This will be added
to the referencedparagraph.

2. Comment: 1.1 Objective and Scope. p. 1-2

"...planning for the Phase 2 HI is anticipated to occur."

Please change "is anticipated to" to "will" and indicate when planning will occur.

Response: The text will be revised to indicate that the planning will be conducted in 2007.

3. Comment: 2.3 Reference Samples. p. 2-2

It would be useful to have a brief discussion comparing the results of the reference samples
with each other. For Instance, were PAH and TPH concentrations similar in all samples?
Were the .results of the forensic analysis similar among samples? If not, is there an
explanation for the differences? Also see foUowingcomment.

Response: A discussion of the PAHs histograms is presented on page 11 (last complete
paragraph) of the PAH Forensics Report in Appendix B.2. Because the reference samples
were collected at different locations, it is expected that there would be some slight
differences in the PAH patterns between the samples. Thus, it is difficult to draw
conclusions based on comparisons of the reference samples to each other.

4. Comment: 2.3 Reference Samples, p. 2-3

It is unclear if reference sample ASOO-SD01 ,located at Prescot Park Marina in Portsmouth,
. is truly representative of a non-PNSY storm water outfall. It is likely that boating activity at
the marina has contributed PAHs to the sediments in this area. Unfortunately, there are no
other non-PNSY outfall locations to compare PAH concentrations with. We do note though
that PAH concentrations at ASOO-SD01 are almost always one, and sometimes two, orders
of magnitude higher than the PAH concentrations at ASO1-SDO1, the outfall at MSo1.

We didn't find any conclusions regarding the non-PNSY outfall versus the PNSY outfalls in
the report. Please discuss why the Navy believes the marina location of ASOO-SD01 is not
an issue. .
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· Response: Prescot Park Marina is located across the Piscataqua River from PNS. Based
on the distance and the flow of the river, it is highly unlikely that storm water runoff from PNS
is impacting the sediment in the marina. Boating activity from the marina is one potential
source 'of PAHsin the sediment; along with other non-PNS outfalls that discharge near the
marina. Appendix B.1 contains a figure that identifies a few non-PNS outfalls near Prescot
Park Marina.

The analytical data from the sediment samples at the non-PNS locations were used in the
PAH forensics report to determine whether the PAH patterns in the site sediment samples
were similar to the PAH patterns in the sediment at the offsite locations (see Appendix B.2).
The actual concentrations of PAHs were not used in this evaluation, though. Therefore, the
Navy does not believe that the marina location of ASOO-SD01is an issue.

5. Comment: Table 2-4

The chromatograms referenced in this table appear to refer to the chromatograms in the
PAH Forensic Analysis Report. However,the purpose of the table is to indicate how the
samples for forensic analysis were chosen. Please indicate which chromatograms the table
refers to.

Response: The chromatograms in the table refer to the chromatograms in Appendix B.2 of
the PAH forensics report. Those chromatograms are presented on the CD in Appendix 8.2.
A footnote will be added to Table 2-4 to note the location of the chromatograms.

6. Comment: 4.6.2, Spatial Distribution, p. 4-13

".. .4,4'-DDT concentration of 600 ug/kg in the catch basin."

Does the Shipyard have a program to clean out catch basins on any regular interval? This
is a very high concentration of DDT that should be removed from the catch basin and
disposed of properly regardless of source.

Response: PNS disagrees with categorizing the DDT level as "a very high concentration".
Published USEPA Region 9 human health risk-based Preliminary Remediation Goals (Oct.
2004) for DDT in soil are 1.7 mg/kg for residential soil and 7.0 mg/kg for industrial soil. PNS
has a program to clean out the roadway catch basins on a regular basis. This catch basin is
not one of the regularly scheduled roadway catch basins. All materials removed from catch
basins are disposed of in accordance with appropriate regulations and permits.

7. Comment: Figs. 4-2 - 4-6

The sediment locations should be color coded as are the soil/ash locations.

Response: The sediment samples will be color-coded Similar to the soil/ash samples using
the maximum detected concentrations during and of the rounds.
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8. Comment: 5.0, p. 5-1 1st and 3rd bullets

The first bullet states, "Determine the extent of copper and nickel concentrations in the
sedimenL.aL.MS-09." The third bullet also states, "Determine the extent of...copper and
nickel concentrations in the sediment...at MS-09." Please rephrase these statements to
avoid the repetition.

Response: "and MS-09" will be deleted from the first bullet.
I ,

9., Comment: 7.5.1;p. 7-5 para 4

"A few sediment sample locations at MS-01 ..." Please change MS-01 to MS-12.

Response: MS-01 will be changed to MS-12.

10. Comment: 7.6 Conclusions, p. 7-12 1st bullet

The Navy states that Building 178 is not an IRP source. Building 178 has never been
identified as an ,IRP source but it is not clear why this is so. When PNSY was a RCRA site
several sites were identified by USEPA and the Navy for the RCRA Facility Investigation.
WhenPNSY became a CERCLA site these same sites became IRP sites. However, there
is no documentation as to how certain sites were chosen and others rejected during the
RCRA process. It may be necessary to review"IRP selection criteria and see if Building 178
does 'indeed qualify as an IRP site.

Regardless, the report indicates that BUilding 178 has contributed PAH contamination to the
offshore environment. Therefore, the Navy is responsible for addressing this contamination.
If the IR program will not consider Building 178 to be eligible for IRP site status the Navy
must identify some other program thatwill address the contamination.

This comment also holds true for the similar statement in Section 8.4, p. 8-3, 1st bullet.

Response: Please see the ~ttached meeting notes from the April 26, 2007 technical
meeting for additional actions the Navy is recommending for MS-1~.

11. Comment: Fig 7-1

The location for AS12-CB02 is not shown on Figure 7-1.

Response: AS12-CB02 will be added to Figure 7-1.

12. Comment: Appendix A

The supporting documents in App. A were submitted on a DVD. Currently, most computers
at MEDEP do not have DVO drives. Therefore, the supporting documents must be
submitted on CD in the Final HI Report.
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Response: A DVD was inadvertently used for the supporting documents in some of thereports. The supporting files will be submitted on CD in the Final Additional Scrutiny Report.
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RESPONSES TO NOAA COMMENTS DATED JANUARY 17,2007
DRAFT ADDITIONAL SCRUTINY REPORT FOR OU4
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE'

1. Comment: Monitoring Station 01

The Additional Scrutiny PAHconcentrations for this' Monitoring Station remain. high,
especially at location S003 which is. closest to former Sample Station 3. For example, the
AS01-S003 HMW PAH concentration is approximately 25 ppm, in between the range of 5
63 ppm (see Figure 4-5) shownat nearby MS-01 Loc.3. On an aside, it is puzzling why the
range shown' on Table 4-3 for the HMW concentration for MS-01 Loc. 3 does not match
Figure 4-5. Nevertheless, the HMW IRG at AS01-S003 clearly is exceeded as are those for
Acenaphthylene, Anthracene and Flourene. Itis also noteworthy that the text on Page 4-10,
describing the forensics study points out that "the sediment sample at AS01-S003 likely
received some influence. from the soil/ash atAS01-SS02 based on the PAH compositional
profile". Thus NOAA recommends a relatively small remedial action in and around AS01-
S003. .

Response: The range on Table 4-3 does not match the data on Figure 4-5 because Table
4-3 only presents the duplicate data results. All of the data for MS-1 0 Loc.3 is presented on
Table 4-2.. Please see the attached meeting·notes from the April 26, 2007 technical meeting
for additional actions the Navy is recommending for MS-01.

2. Comment: Monitoring Station'05

Lead and copper are modestly elevated at several locations, for example, location S003.
However, the copper IRG is not exceeded in the Additional Scrutiny sampling round.

Response: Please see the attached meeting notes from the April 26, 2007 technical
meeting for additional actions the Navy is recommending for MS-05..

3. Comment: Monitoring Station 09

PAHs are slightly elevated at location S003. Nevertheless, NOAA does not recommel1d a·
remedial action at SO-03 because the actual concentration of approximately 17 ppm is not
greatly'above the IRG. Possibly more important is the nearby marina as an additional
source of PAHs. .

Response: Please see the attached meeting notes from the April 26, 2007 technical
meeting for additional actions the Navy is recommending for MS-09.

4. Comment: Monitoring Station 11

Copper, lead, and nickel are elevated in the intertidal/beach samples collected at MS-11
Loc.3. As expected, lead is very high given the adjacent ORMO. However; as discussed in
the report, no toxicity was found at MS-11 Loc. 3, soil removals have taken place, and little
sediment is found here. . .
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Response: Please see -the attached meeting notes from the April 26, 2007 technicalmeeting for a discussion of MS-11.

5. Comment: Monitoring Station 12·

This location is the most contaminated of the five studied within this Additional Scrutinyeffort. There is little reason not to remediate the PAHs in building 178 and those on theramp leading to the building. NOAA earlier was surprised to learn of the Navy's forensicstudy. The results of which support the obvious Navy source of the PAHs. From the aerialphoto shown on Figure 7-1, it appears that the Navy could easily remove these sedimentswithout much intense mobilization.

Response: Please see the attached meeting notes from the April 26, 2007 technicalmeeting for additional actions the Navy is recommending for MS-12.
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RESPONSES TO USFWS COMMENTS DATED FEBRUARY 21,2007
DRAFT ADDITIONAL SCRUTINY REPORT FOR OU4
PORTSMOUTH NAVAL SHIPYARD, KITTERY, MAINE

In general,the data collected. for the Additional Scrutiny monitoring stations have been
presented in a understandable and comprehensive manner, along with supporting
documentation and historical data. The following technical support comments .address
concerns with sampling results, outstanding issues over future actions, and minor edits:

1. Comment: MS-O1, Figure 4-1

It would be helpful to include highlighted IOMP stations, as referred.

Response: The interim offshore monitoring program stations will be added to Figure 4-1.

2. Comment: MS-01

IRGs for HWM PAHs are most notably exceeded at Location (Loc.) 3. However, substantial.
exceedances also occur at Loc. 2. The forensic study suggests that HWM PAHs at Loc. 3
are linked to Site 34 ash; while, HWM PAHs at Loc. 2 may be from continuing varied local
sources. Ash sources at Site 34 are stated to have the potential to be future point sources,
if disturbed. However, it is unclear if Site 34 is currently acting as a source. This suggests
that remedial action should be taken to alleviate current or future contamination potential.
Furthermore, sediments at Loc.3 have been consistently elevated above IRGs for the
duration of monitoring and are linked to onshore sources. A remedial action should be
evaluated for this.area,in conjunction with the Site 34 remediation. DDT IRG exceedance
at Loc.2 also warrants remedial action evaluation. Duplicate sample data presented in
Table 4-3 shows highly disparate sample results at some locations. The Navy should
discuss how these data were incorporated into the monitoring data evaluations.

Response: The Navy is planning a removal action for the soil/ash at Site 34. The Navy
discuss.ed the duplicate data in Section 4.6.1' and used that information to help support the
conclusion that it is likely that the elevated levels of 4,4'-DDT in the sediment samples from
Round 1 and 6 at Loc. 3 are anomalies and not indicative of widespread contamination.
Please see the attached meeting notes from the April 26, 2007 technical meeting. for
additional actions the Navy is recommending for MS-Ol.

3. Comment: MS-05

The determination of maximum contaminated acreage based on Cu IRG exceedance needs
to be clarified. As shown, there are outer subtidal bounds but no lateral intertidal bounds in
the NW direction. Further discussion is warranted. It would be helpful to know the sampling
configuration of sediment locations 105, 205, 305 (Round 8 locations), since locations 205
and 305 are far below the IRG and 105 is approximately twice the IRG.

Response: Please seethe attached meeting notes from the April 26, 2007 technical
meeting for additional actions the Navy is recommending for MS-05.
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4. Comment: MS-09

Loc.1 exhibits exceedances of IRGs for Cu, Ni, and HMW PAHs. It is unclear if thesesignatures are associated with boat traffic or on land sources. Also. confounding are theHMW PAHlow levellRGexceedances along the landfill shoreline. It is unclear if these areattributable to boat traffic discharges or low level persistent discharges from the landfill. APAH .forensic analysis of this area would be beneficial for attribution determination, similar tothat performed for area MS-01.

Response: The Navy does not believe that the levels or extent of contamination at MS-09are great enough to warrant a forensics analysis. Please see the attached meeting notesfrom the April 26, 2007 technical meeting for additional actions the Navy is recommendingfor MS-09.

5. Comment: MS-11

We commend the Navy for taking remedial actions and instituting additional shorelinecontrols for QU2. However, as stated, all Additional Scrutiny sampling was conductedbefore removal actions were conducted. rt is unclearif removal actions completely rectifiedfurther heavy metal contributions to nearshore areas. Therefore, we suggest that additionalsampling be conducted to verify remedial success. Additional sampling should utilize metalseparation to avoid possible elevated contamination by bulk metal fragments. However, it isalso unclear if metal fragments are being broken down in the intertidal and subtidal zonesand contributing to potential sediment toxicity. It is unclear if an additional removal action isslated for AS11-SS01, based on highly elevated Pb levels. Additionally, it is unclear if otherareas outside the cap exhibit similar elevated Pb levels, especially along the shoreline.

The removal actions conducted in the wooded area concluded operations by capping soilswith gravel, as stated. This area should have been. fully remediated to a specified verticaland hor~zontal boundary based on a specific inorganic action limit. We assume these werediscussed in a removal action memorandum but it would be helpful to further discuss theremoval criteria. It is unclear why the removal area was not restored to vegetativeconditions at least consistent with the adjacent habitat in the wooded. area. This also meritsfurther discussion.

Response: Please see the attached meeting notes from the April 26, 2007 technicalmeeting for a discussion of MS-11.

6. Comment: MS-12

The IRG PAH exceedances at this location are substantial in several cases and have beenthrough all monitoring rounds. Additional Scrutiny sampling verifies these exceedances andforensic analysis partially supports Site 10 attribution. It is surprising that the forensicevidence suggests that a mix of PAH attribution exists at this site even within the buildingconfines. Tidal fluxes of contaminants may be responsible for some contribution but webelievethat this site merits remedial action based on its persistent PAH IRG exceedancesand linkage to Site 10.
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We recommend additional discussion of these issues for each site, relative to further
monitoring and the potential for remedial· actions. We are available for a meeting or
conference call to address these and other trustee agency concerns.

Response: Building 178, which is a possible source of the PAHs is not part of Site 10.
Please see the Navy's response to USEPA General Comment NO.2 and the attach~d

meeting notes from the April 26, 2007 technical meeting for additional actions the Navy is
recommending for MS-12. .
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SUMMARY OF TECHNICAL MEETING FOR
DRAFT ADDITIONAL SCRUTINY REPORT FOR OPERABLE UNIT 4

April 26, 2007
Anchorage Inn, Portsmouth, NH

Meeting attendees:

• USEPA: Matt Audet (RPM) and Conrad Leszkiewicz (consultant to USEPA)
• . MEDEP:lver McLeod (RPM)
• USFWS: Ken MlJnney
• NOAA: Ken Finkelstein (by phone)
• NAVFAC - Kirk Stevens (RPM) and Dan Waddill (Technical Manager)
• PNS - John Gildersleeve (IR Manager)
• TtNUS - Debbie Cohen (Facility Coordinator), JP Kumar (Project Engineer), Aaron

Bernhardt (Project Manager/Ecological Risk Assessor)

.The following provides a summary of the agreements during the technical meeting on the draft
Additional Scrutiny Report. .

1. Monitoring Station MS-12 Discussion

The Navy agreed that additional data are needed to determine the extent of PAH and lead
contamination in sediment (Ken Finkelstein was on-line for this discussion). The following
bullets summarize the conclusions:

• The regulators were concerned that contaminated sediment from the ramp could
erode over the edge of the ramp and settle in the area so the Navy agreed to
determine whether sediment is present in this area within 15 feet of where the
ramp ends. It was acknowledged that based on the additional scrutiny sampling, it
is unlikely that sediment will be present in this area because of the high flow of the
river. The regulators would like to confirm this. ApproXimately five grabs will be
attempted at each location and if .sediment cannot be collected in any of the five
grabs, it will· be assumed .that the amount of sediment at that location is
insignificant. Approximately 3 to 5 locations at the drop-off of the ramp will be
sampled/attempted to be sampled. The approximate location of this drop-off will

.be determined. . .
• Additional surficial and subsurface sediment samples will be collected inside and

outside of Building 178 to better define the vertical and horizontal extent of
contamination to estimate the volume of contaminated sediment in this area. The

. accessibility of the sediment inside Building 178 for potential removal will be
determined during the investigation.

• The Navy needs to better uriderstand the chemical concentrations in the eelgrass
bed to help determine whether the concentrations of PAHs are great enough to
warrant a removal action in this sensitive environment. Along with chemical
sampling, the Navy will map the eelgrass bed to determine its extent and size.

• The regulators agreed that Site 10 is not a current source of lead to the offshore
area. The Navy agreed to add text to the Additional Scrutiny report to better
indicate that Site 5 and Site 10 were historic sources of contamination to OU4, but
there are no longer any ongoing sources. In order to avoid potential for re
contamination of sediments, Navy policy requires that sources must be identified
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. and controlled prior to sediment cleanup. It was also agreed that the trend lines
are hard to interpret because of the variability in the data, so a lot of weight should
not be given to this line of evidence. [Post meeting note: The Navy is
recommending removing the trend lines and confidence lines from the trend plots
in the responses to the comments on the Draft Additional Scrutiny Report.]

. • It was agreed that if a sediment removal action occurred, post-removal long term, .
monitoring for PAHs or .Iead would not be required because any additional inputs of
PAHs or lead to the offshore area would not be related to an IA .site. Other
sources such as stormwater runo:ff, boat traffic, etc., could cause an increase in
chemical concentrations but those sources. are not the responsibility of the IA
program.

2. Monitoring Station MS-01 Discussion (Ken Finkelstein was on-line for some of the
discussion) .

The Navy agreed that additional data are needed to understand the substrate and possibly
determ'ine the extent of the PAH contamination in sediment. The following bullets
summarize the conclusions: '

• During the previous sediment sampling events it was very difficult to collect
sediment at this monitoring station. Typically, the sediment grab would come up
empty or would have a rock hOlding the jaws open. It is not known whether the
difficulty collecting sediment samples was because there are many rocks that
prevent the grab sampler from closing upon retrieval or because there is limited
sediment on the river bottom. .

• The Navy initially suggested conducting a video survey of the river bottom to
determine the substrate type and whether there is a significant amount of sediment
at this monitoring station. The regulators were not sure whether a video survey
would work because the water may be too turbid. The Navy also mentioned that
they evaluated conducting a hydrographic survey but noted that this might not be
the best method to obtain data for the sediment bottom. USFWS suggested
probing the sediment with a metal rod/pipe along transects to determine the bottom
substrate. The Navy agreed' to evaluate all options and then propose a method, or
combination of methods, to the regulators.

• The Navy indicated that they want the investigation to continue in a phased
approach and would first like to determine whether sufficient sediment is present in
the area to warrant consideration of a removal action. If it is determined. that there·
is a significant amount of sediment, sediment samples for PAH analysis could be
collected as part of the AI for Site 34 to determine the extent of contamination or as
part of OU4.

• The regulators indicated that even though the PAH concentrations were greater
than the lAGs at most of the sample locations, the greatest concentrations were
near station AS-01-SD03. Therefore, a removal action could probably focus on
this area only, although the extent of PAH contamination in this area would need to
be better delineated. .

• The Navy indicated that if they were to conduct a removal action, they would like. to
have it as a final remedy with no future monitoring, because the potential on-shore
source (the ash along the shoreline) would be controlled by a removal action. The
regulators generally agreed.
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Action Item:
• -A question came up regarding whether the storm sewer that discharges through

Outfall 49 goes through the ash. 'Tetra Tech: Check the elevation of the pipe with
regards to the height of the ash. [There are only two catch basins conn'ected to the
storm sewer line to Outfall 49. The catch basins are in'and adjacent to the wash
pad on the southeast side of Building 62. Except for in the pile on the northside of
Building 62, ash is within the top 1 t04 feet below ground surface and is covered
with asphalt. All of the ash is well above the high' tide elevation and there is no
overburden groundwater in thearea. Therefore, ash is not likely to enter the storm
water system. Additional information will be obtained on the storm water system
as part of the planning for the Site 34 HI]

3. Monitoring Station MS-11 Discussion (Ken Finkelstein was not on-line for the discussion).
• The Navy clarified to Ken Munney that the soil was not removed from the area near

MS-11, Loc. 3 during the removal action. Surficial debris was removed from the
onshore area in the eastern most portion of OU2, and the area and shoreline was
covered with rip-rap and pea gravel. Several photographs showing the area after the
removal action was shown on the screen. Additional investigation'of the onshore area
of ,OU2 will be conducted before determining the remedial action needed for the
onshore portion of OU2.Currently,the entire OU2 shoreline is covered with shoreline
controls.

• Because there is very little sediment at this monitoring station (sediment can only be
collected at very low tide by scooping sediment around rocks), and because erosion
controls were placed along the shoreline, it was agreed that additional sediment
sampling was not necessary. Also,it was agreed that a removal action for sediment
was not necessary. The erosion controls will be visually inspected to determine
whether they are working, but that would be done as part of OU2, not OU4.

4. Monitoring Station MS-05 Discussion, (Ken Finkelstein was not on-line for the discussion).
• Ken Munney pointed out the area where he believed there was a data gap and had

requested an additional sample be taken to better delineate the area. The Navy
indicated that ;they could take a sample at that location during the next round of ,
sampling, although some of the area is rocky.

• The Navy indicated that they would like to remove monitoring stations MS-05, MS-08,
and MS-09from the OU4 I monitoring program and add them to the OU3 monitoring
program. This could resuiUn changes to the monitoring program such as sampling
parameter list, sample frequency, etc., based on the,needs for OU3.

• It was decided that for administrative reasons, the three monitoring stations would not
be moved into, the OU3 monitoring program until after the Round 4 groundwater data
from OU3 was collected and reviewed. However, the Navy will move some locations
for the Round 9 sediment monitoring for OU4 (at MS-05 and MS-09), with the
expectation that the new locations would be ultimately sampled as part of the OU3
monitoring program.

Action Item:
• Tetra Tech: Submit a brief technical memorandum presenting the proposed

monitoring station locations and the rationale for their location.
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5. Monitoring Stations MS-02, MS-06, and MS-O? Discussion (Ken Finkelstein was not online for the discussion).
• The Navy indicated that they would like' to delete MS-02, MS-06, and MS-07. fromfuture monitoring because all three stations have had very low chemicalconcentrations throughout the monitoring.program.
• The regulators did -not· express any concerns about removing these stations fromfurther monitoring.

6. Monitoring Stations MS-10, MS-13, and MS-14 Discussion (Ken Finkelstein was not online for the discussion). .
• The Navy indicated that they would like to delete MS-10, MS-13, and MS-14 from'future monitoring. As part of the recommendations for the Rounds 1 through? report,sampling was recommended for Hounds 8 and 9 (prior to Round 10, the next five':'yearsampling event), at these monitoring stations for PAHs. Currently, the three locationsare being monitoring for PAHs because there was a lot of variability in the data whichcaused wide confidence interval lines on the trend plots leading to a prediction .thatIRGs would be exceeded within the next five years. However, based on the Round 8data, the PAHconcentrations are less than lRGs, as they were for most of the .samples in this ·first seven rounds. [Post meeting note: The Navy is recommendingremoving the.trend lines and confidence lines from the trend plots in the responses tothe comments on the Draft Additional Scrutiny Report.]
• The regulators did not express any concerns about removing these stations fromfurther monitoring.
Action Item:
• Tetra Tech: Submit a brief technical memorandum presenting the rationale for notcollecting Hound 9 at MS-10, MS-13, MS-14 and deleting these stations from futuremonitoring. . .

The recommendations discussed during the meeting will be added to the draft final AdditionalScrutiny Report. After Round 9 Interim Offshore Monitoring, the Navy and regulators will needto determine the appropriate mechanism to document the following:
• Discontinuing the Interim Offshore Monitoring Program after Round 9
• No further action for MS-02, MS-06, MS-?, MS-10, MS-13; and MS-14 and removal ofthese areas from OU4.
• Removing MS-03, MS-04, MS-5, MS-8, and MS-9, and MS-11 from OU4 and including. them in the appropriate onshore OU. .
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