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1.0 INTRODUCTION

1.1 PURPOSE AND ORGANIZATION OF REPORT

1.1.1 Purpose

This Feasibility Study (FS) Report for the Solvent Release Area (SRA) Site (the Site) at the former Naval

Air Station (NAS) South Weymouth, in Weymouth, Massachusetts (the Base), was prepared for the Naval

Facilities Engineering Command (NAVFAC) Mid-Atlantic by Tetra Tech under Contract Task Order (CTO)

WE11 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract Number

N62470 08-D-1001. The document was prepared to fulfill the requirements of the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA) and is consistent with United

States Environmental Protection Agency (USEPA) Guidance for Conducting Remedial Investigations and

Feasibility Studies Under CERCLA (USEPA, 1988) and the Navy Environmental Restoration Program

(NERP) Manual, Chapter 8, Remedial Investigation/Feasibility Study (Navy, 2006). This FS Report

describes the formulation and evaluation of remedial alternatives for contaminated groundwater at the

SRA. The FS establishes Remedial Action Objectives (RAOs) and cleanup goals; screens remedial

technologies; and assembles, evaluates, and compares remedial alternatives. The FS is based on data

collected during the Remedial Investigation (RI) [Tetra Tech NUS, Inc. (Tetra Tech), 2010].

The purpose of the RI/FS process is to gather and evaluate information sufficient to select an appropriate

remedy for a site based on an informed risk management decision-making process. Within an FS report,

the results of an RI are used to develop and evaluate potential remedial alternatives that would

permanently and significantly reduce the risks to human health and the environment identified at the site.

The alternatives should provide cost-effective methods to mitigate the identified risks, and the range of

alternatives should be adequate so that consensus can be reached between the Navy and regulators

regarding the selected response action.

Subsequent to the FS, the Navy will present the preferred remedial alternative(s) in a Proposed Plan.

Following a 30-day public comment period, the Navy and EPA will select the remedial alternative(s) with

concurrence from the Massachusetts Department of Environmental Protection (MassDEP). The final

remedial alternative(s) will be presented in a Record of Decision (ROD).

1.1.2 Document Organization

This FS Report has been organized with the intent of meeting the general format requirements specified

in the RI/FS Guidance Document (USEPA, 1988). This report contains the following five sections:
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 Section 1.0, Introduction, summarizes the purpose of the report, provides site background

information, summarizes the findings of the RI, and provides the report outline.

 Section 2.0, Remedial Action Objectives and General Response Actions, presents the RAOs,

identifies Applicable or Relevant and Appropriate Requirements (ARARs) and To Be Considered

(TBC) criteria, develops cleanup goals and associated General Response Actions (GRAs), and

provides estimates of the volumes of contaminated media to be remediated.

 Section 3.0, Screening of Remediation Technologies and Process Options, provides a two-tiered

screening of potentially applicable remediation technologies and identifies the technologies that were

assembled into remedial alternatives.

 Section 4.0, Assembly and Detailed Analysis of Remedial Alternatives, assembles the remedial

technologies retained from the Section 3.0 screening process into multiple remedial alternatives,

describes these alternatives, and performs a detailed analysis of these alternatives in accordance

with seven of the nine CERCLA criteria.

 Section 5.0, Comparative Analysis of Remedial Alternatives, compares the remedial alternatives on a

criterion-by-criterion basis, for each of the seven CERCLA analysis criteria used in Section 4.

Appendix A contains reference figures and tables from the RI Report. Appendix B contains calculations

for the preliminary remediation goals (PRGs). Appendix C contains computations of contaminated media

volumes. Appendix D contains remedial alternatives conceptual design calculations. Appendix E

contains the sustainable remediation evaluation. Appendix F contains the Biochlor model output.

Appendix G contains the cost estimates. Appendix H contains the 2011 time series analysis; Appendix I

contains an evaluation of excavation of source area saturated soil.

1.2 BACKGROUND INFORMATION

The following paragraphs provide background information about the Base and the SRA including Base

history, study area setting, and site description and history. Figure 1-1 provides the general location map,

Figure 1-2 is a site map that shows general features of the Site, and Figure 1-3 shows the main site

features.

NAS South Weymouth (Figure 1-1) encompasses an area of approximately 1,442 acres and is located

approximately 15 miles southeast of Boston, Massachusetts, primarily in the Town of Weymouth, Norfolk

County. Portions of NAS South Weymouth extend into the adjacent Towns of Abington, and Rockland,
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Massachusetts. The Town of Hingham forms the northeast boundary. The Base is located in an urban

area and is accessed from Route 18 in Weymouth.

The Base is partially developed with wetland and forested areas still remaining. The topography is

relatively flat with surface features that include bedrock outcrops, swampy wetlands, and small stream

channels. During construction of the airfield, runways, taxiways, and related facilities at the Base, low-

lying wetland areas were filled, other areas were re-graded, and surface water was diverted through

culverts and drainage ditches. Major surface water features on the Base include Old Swamp River and

French Stream (Figure 1-2).

1.2.1 NAS South Weymouth

NAS South Weymouth was commissioned during the 1940s to support dirigible aircraft used to patrol the

North Atlantic during World War II. The facility was closed in 1949 and then reopened in 1953 as a naval

air station for aviation training. NAS South Weymouth was designated for closure under the Base

Realignment and Closure Act of 1990 (BRAC), as part of the BRAC Commission’s 1995 Base Closure

List (BRAC IV). In September 1996, operational closure of NAS South Weymouth began with the transfer

of aircraft to other Navy facilities, and through personnel reduction. Between 1996 and 1997, NAS South

Weymouth provided facilities for limited ground training to Marine and Naval reserve units (EA, 1998).

NAS South Weymouth was closed administratively under BRAC on September 30, 1997. Because of the

closure, the facility was placed in caretaker status under the supervision of NAVFAC Engineering Field

Activity Northeast (EFANE) and is currently under the supervision of the NAVFAC BRAC Program

Management Office (PMO) Northeast. The majority of the base property has been transferred from the

Navy to the local reuse authority. The Navy will transfer the remaining property as environmental work is

completed and the property is determined to be suitable to transfer.

As part of the Base closure, the Environmental Baseline Survey (EBS) investigations were conducted to

support the Navy's compliance with: the CERCLA Section 120, as amended by Public Law 102-426; the

Community Environmental Response Facilitation Act; and state and local real property transfer disclosure

notification regulations. In other words, the EBS investigations were conducted to support environmental

restoration programs, Base closure, and property transfers/leases. Phase I EBS investigations were

conducted in October and November 1995, for those areas of the Base property not already addressed

by the DOD Installation Restoration (IR) or Massachusetts Contingency Plan (MCP) programs

(MassDEP, 1996). They included visual inspections of all Base property and adjoining property, records

reviews, and interviews. The information collected during the Phase I EBS investigations was used to

identify specific areas of potential concern and to recommend the level of further investigation required at

each of these locations. Areas identified in the Phase I EBS Report (issued in November 1996) as

requiring additional investigation were designated as Phase II EBS Review Item Areas (RIAs). Based on
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the Phase II EBS investigations, RIAs were designated as Areas of Concern (AOCs) where analytical

results of environmental samples indicated concentrations of chemicals exceeding screening criteria.

AOCs were then investigated under CERCLA.

1.2.2 Solvent Release Area

The Site is located just north of the East Mat in the eastern portion of the Base (Figure 1-2). The East

Mat is an open, flat area which was used for mooring the lighter-than-air aircraft. For the RI Work Plan,

the site boundaries were defined approximately by Pidgeon Road to the north, by the Eastern Drainage

Ditch to the east, by the East Mat Ditch (EMD) to the south and by the dirt road leading to the former

Pistol Range (AOC 35) and tree line on the west (Figure 1-3). Based upon the results of the RI, the

boundary of the Site has been expanded slightly to the west and south, to include more of the EMD.

The Site study area is approximately 8 acres and consists of an undeveloped parcel. The Site is

vegetated by white pine and red maple trees and has densely vegetated undergrowth. Numerous

boulders and fallen trees were noted during a previous investigation (Stone & Webster, 2004b). A

wetlands delineation was completed by a consultant to the South Shore Tri-Town Development

Corporation (SSTTDC), the local redevelopment authority (see Figure 1-3) (RAI, 2001). The delineation

identified approximately 4.0 acres of predominantly forested wetland system and 0.9 acres of intermittent

stream consisting predominantly of scrub-shrub vegetation at the Site. The wetland is bordered by a

series of dirt roads, the former Pistol Range, and upland forests. The dirt road along the eastern

perimeter of the Site provides access to the East Mat. The eastern and southern boundaries consist of

drainage ditches. The drainage swale on the eastern edge of the Site was addressed as part of the

Tactical Air Navigation (TACAN) outfall drainage system (AOC 61) Non-Time Critical Removal Action

(NTCRA). The dirt road along the western boundary provides access to the former Pistol Range. There

are no buried gas or electrical utility lines within the site boundary.

1.2.3 Site Investigations

Previous investigations at Site 11, and upgradient of the Site (at the Hobby Shop) are summarized in this

section.

Upgradient – Former Hobby Shop (Building 95) - The former Hobby Shop (Building 95) is located

immediately north of Pidgeon Road and upgradient of the Site. The Hobby Shop site contained a one-

story, corrugated steel building that had been constructed in the 1960’s; maintenance and repairs on

vehicles were performed inside. Foster Wheeler Environmental Corporation (FWENC), a Navy

contractor, conducted four removal actions at Building 95 including: cleaning and removal of an above

ground storage tank that stored No. 2 fuel oil for heating Building 95; removal of two floor drain systems;
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and removal of two hydraulic lift stations. Soil and groundwater samples collected following the removal

actions were evaluated in a decision document. The decision document recommended no further action;

the regulators concurred and the site was closed in 2004 (Stone & Webster, 2004a).

AOC 35 (Pistol Range) - The Pistol Range Site (AOC 35) comprised about 2 acres of land in the

southern portion of the Site and within the current Site boundary. In 2000, the Navy conducted a

CERCLA Time-Critical Removal Action (TCRA) to address soil that contained elevated concentrations of

lead (from past Pistol Range operations) through excavation and offsite disposal. Post-excavation soil

sampling results confirmed that the cleanup goal of 300 mg/kg lead was achieved. A ROD for AOC 35

was issued in December 2004 and the Pistol Range Site was closed. The No Further Action ROD stated

that the soil had been remediated and the groundwater would be addressed as part of the SRA Site.

RIA 108 (Site) - Under the Phase II EBS, the undeveloped parcel of land that constitutes the current Site

was selected for background sampling as part of the Background Data Summary Statistics Report

(Stone & Webster, 2000). In October 1998, one soil boring (BG-05) was advanced at what is now known

as the Site and soil samples were collected from three separate depths (0-1 foot, 3-5 feet, 5-7 feet).

Tetrachloroethene (PCE) was detected at all three depth intervals at BG-05. Trichloroethene (TCE) and

cis-1,2-dichloroethene (cis-1,2-DCE) were detected at the 5- to 7-foot depth interval at BG-05. The

highest PCE concentration (870 µg/kg) was measured in the 5- to 7-foot interval sample. Semi-volatile

compounds (SVOCs), pesticides and polychlorinated biphenyls (PCBs), were not detected above

laboratory reporting limits in the three soil samples. Arsenic, vanadium, iron, and manganese

concentrations were elevated in samples from BG-05.

November 2002 – Additional Soil Characterization near BG-05 - In November 2002, additional soil

samples were collected near BG-05. One soil boring (SB10-301) was advanced using hollow stem auger

drilling techniques. Soil samples were collected from three depth intervals (Stone & Webster, 2004b).

PCE was detected at concentrations of 150 µg/kg (0-1 feet), 55 µg/kg (3-5 feet), and 370 µg/kg (5-7 feet).

Cis-1,2-DCE was detected at 7.7 µg/kg (3-5 feet) and 65 µg/kg (5-7 feet). TCE was not detected above

laboratory reporting limits.

April 2003 – Groundwater Sampling of Downgradient Overburden Well - In April 2003, a groundwater

sample was collected from MW10-302, which is located south of the BG-5 location at AOC 35 (the former

Pistol Range) for volatile organic compound (VOC) analysis. The sample interval depth was 11 feet

below ground surface (bgs). PCE was detected at 270 µg/L; TCE and cis-1,2 DCE were detected at

estimated concentrations of 0.35J µg/L, and 0.48J µg/L, respectively.
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September-October 2003 – Shallow Groundwater Sampling Program - During September and

October 2003, 33 temporary wells (GW10-305 to GW10-337) were installed using direct-push

(Geoprobe
TM

) drilling techniques. These wells were installed in the overburden to depths ranging from

8 to 14 feet bgs. Groundwater samples were collected from 30 of the 33 temporary wells and analyzed

for VOCs. Chlorinated VOCs (CVOCs) were detected above laboratory reporting limits in several

samples located on the Site. The maximum values of the CVOCs were detected just north of BG-5 in

GW10-305: PCE (13,000 µg/L), TCE (180 µg/L), cis-1,2-DCE (1,300 µg/L), trans-1,2-DCE (21 µg/L) and

1,1,2-trichloroethane (TCA) (17 µg/L). VOCs were not detected in the seven temporary wells located

along Pidgeon Road upgradient from the Site. Petroleum-related VOCs were also detected above

laboratory reporting limits in a few samples. The highest concentrations of petroleum-related VOCs were

detected in the northern portion of the Site at GW10-309: benzene (7.8 µg/L), ethylbenzene (11 µg/L),

toluene (62 µg/L), and total xylenes (43 µg/L).

February 2004 – Additional Monitoring Wells and Groundwater Sampling - In February 2004, five

overburden groundwater monitoring wells (MW10-303, MW10-304, MW10-338, MW10-339 and

MW10-340) and two shallow bedrock monitoring wells (MW10-302D and MW10-304D) were installed to

evaluate the preliminary extent of VOCs in groundwater. PCE concentrations ranged from not detected

above laboratory reporting limits to 255 µg/L in the overburden wells, and from 5.4 to 1,600 µg/L in the

two bedrock wells. TCE was not detected above laboratory reporting limits in any of the five overburden

wells with the exception of MW10-303, where it was detected at 13 µg/L. TCE was detected in one of the

two shallow bedrock monitoring wells (MW10-302D) at a concentration of 1.7 µg/L.

2004 – Additional Monitoring Wells and Groundwater Profiling – Eight soil borings (CH-GW108-01

through CH-GW108-08) were advanced to the apparent overburden/bedrock interface and groundwater

samples were collected for field gas chromatography (GC) screening and laboratory analysis. Field GC

screening results indicated concentrations of PCE ranging from trace up to 96,000 µg/L. Fixed laboratory

data confirmed the PCE concentrations (up to 20,000 µg/L). Two of the borings were completed as

overburden monitoring wells (CH108-MW01 and CH108-MW02).

November 2004 Shallow Soil Sampling Program – During November 2004, the Navy conducted a

shallow soil sampling program to attempt to identify the potential PCE source. Soil samples were

collected from 34 locations (SB10-401 to SB10-434) and analyzed by USEPA’s mobile laboratory for

TCE, PCE, and 1,1,1-TCA. PCE was detected at concentrations between 10 and 285 µg/kg in the

shallow soil samples. The highest PCE concentration (1474 µg/kg) was detected in the deep sample

collected below the groundwater table at 5 feet bgs (SB10-413). TCE and TCA were not detected in the

soil samples.
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October 2004 - Geophysical Survey/Refuse Removal – Geophysical surveys (magnetometer,

electromagnetics, seismic refraction) were performed to help identify potential buried metallic objects,

such as drums, that might be sources of the subsurface VOC contamination (Stone & Webster, 2004c).

Significant large anomalies, attributed to the presence of surface scrap and metal debris, were detected

to the northern and northwestern portion of AOC 108. Each anomaly was inspected and, if appropriate,

removed for offsite disposal. Based on the field observations and the conditions that the debris were

found, it is unlikely that materials were buried at depth.

Downgradient - East Mat Ditch - The East Mat is a semi-circular, 50-acre area located in the east-

central portion of NAS South Weymouth, just south of the EMD. A stormwater drainage system on the

East Mat was investigated as RIA 39 a – h; all components of RIA 39 have been closed out with no action

required. The storm drains are connected to the TACAN outfall on the west side of the East Mat and to

tributaries of Old Swamp River on the east side. AOC 60 encompasses most of the EMD, with the

exception of about 200 linear feet of the western portion of the EMD which were investigated as part of

AOC 61 (TACAN Outfall and Associated Areas). The reports listed below summarize the studies which

characterized the contamination in the sediments of the EMD and the removal actions subsequently

completed.

 Technical Memorandum, Area of Concern 61, TACAN Outfall, Naval Air Station South Weymouth,

Weymouth, Massachusetts, Tetra Tech, August 2008.

 Technical Memorandum Area of Concern 60, EMD, Naval Air Station South Weymouth, Weymouth,

Massachusetts, Tetra Tech, August 2008.

Based on the information presented in these two Technical Memoranda, No Further Action RODs were

issued for AOC 60 and AOC 61 in December 2008.

1.3 SUMMARY OF REMEDIAL INVESTIGATION FINDINGS

This section summarizes the physical characteristics, nature and extent of contamination, contaminant

fate and transport, and human and ecological risks at the Site based on the findings provided in the RI

Report (Tetra Tech, 2010).

1.3.1 Topography and Surface Drainage

The topography of the Site is relatively flat. The ground-surface elevations over most of the Site range

from approximately 167 to 157 feet, but decrease to approximately 153 feet (North American Vertical

Datum [NAVD] 1988) at the Eastern Drainage Ditch and the EMD.
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A drainage ditch is also present to the west of the western boundary of the Site. Surface water in the

ditches is intermittent, and at times portions of the ditches are dry. Surface drainage over a majority of

the Site flows in a southerly direction toward the EMD. A portion of the surface drainage at the Site was

noted to flow towards the Western Drainage Ditch. Surface drainage was not noted to flow toward the

Eastern Drainage Ditch. The Eastern Drainage Ditch also receives surface water from a culvert that

extends north of the Site. Surface water from the Eastern Drainage Ditch and the Western Drainage

Ditch discharges to the EMD. At the location where the Eastern Drainage Ditch flows into the EMD, the

surface water flow divides. West of the confluence of the ditches, the EMD flows in a

westerly/southwesterly direction to a catch basin located at the west end of the ditch. The Western

Drainage Ditch joins the EMD upstream of the catch basin and also flows towards the catch basin. The

water that enters this catch basin is part of the basewide storm water drainage system that ultimately

drains into French Stream. Near the southwestern corner of the former Pistol Range a corrugated

drainage pipe drains shallow groundwater into the EMD. East of the confluence of the Eastern Drainage

Ditch and the EMD, the EMD flows in an easterly direction and becomes part of the basewide storm water

drainage system that ultimately drains into Old Swamp River.

During dry months the Eastern Drainage Ditch has been observed to be dry, mostly dry and/or stagnant.

However, during other times of the year, the Eastern Drainage Ditch was observed to be flowing. The

EMD was observed to be flowing at highly variable rates during the RI field work. The opposing

directions of surface water drainage are consistent with a groundwater divide at the Site.

1.3.2 Ecological Setting

The Site was previously delineated as a predominantly forested wetland system with a saturated water

regime under a study performed for the SSTTDC, the local redevelopment authority (RAI, 2001). The

area consists of an undeveloped parcel that is dominated by two red maple wetlands which are bordered

by white pine-oak forest, one to the east of the pistol range access road (Wetland AAA) and one to the

west of the pistol range access road (Wetland BBB). As shown on Figure 1-3, the Wetland AAA area is

within the SRA site boundary while other delineated wetland areas lie adjacent to the Site. These

wetland areas were verified by a study conducted by Tetra Tech in June 2008 as part of the RI field

program. The study verified the wetland areas using both the MassDEP method (used in the SSTTDC

delineation) and the U.S. Army Corps of Engineers (USACE) method. Based on the June 2008 study, the

eastern wetland within the SRA Site met only the state wetland criteria of >50% of plant species

hydrophytes, it did not meet the three parameters needed to be considered a wetland according to the

1987 USACE manual; the western wetland did meet the criteria. A wetland functional assessment

conducted on June 22, 2010, at the wetlands within the SRA Site, identified suitability for seven functions

and values: groundwater recharge/discharge, floodflow alteration, sediment/toxicant retention, nutrient
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removal, production export, sediment/shoreline stabilization, and wildlife habitat. Two of these – floodflow

alteration and wildlife habitat – were identified as principal functions.

The Massachusetts Natural Heritage and Endangered Species Program (NHESP) Wildlife Habitat

Evaluation Field Data Form, completed during the Ecological Risk Assessment, indicated no rare or

unique species or habitats were observed at SRA.

1.3.3 Geology and Hydrogeology

The Site overburden consists of approximately 10 to 30 feet of native unconsolidated materials, underlain

by bedrock. Four overburden geologic units have been observed at the Site, including: a fine-to-coarse

sand unit ranging from 0 to approximately 16 feet in thickness throughout the Site; a discontinuous fine-

to-coarse sand, silty sand, and silt unit ranging from 0 to approximately 6 feet in thickness in a few

locations; a sand and gravel unit predominant throughout the Site and ranging in thickness from 0 to

9 feet; and a glacial till unit, ranging from 0 to 18 feet in thickness, and comprised of sand, silt, and gravel

with varying amounts of clay and rock fragments on top of bedrock throughout most of the Site with the

exception of the area to the west of the former Pistol Range. Cross-sections from the RI Report are

included in Appendix A.

The Site is underlain by Dedham Granite, which is weathered, fractured, medium to coarse-grained, and

light grayish-pink to greenish-gray in color. Overall, the bedrock surface elevation at the Site ranges from

approximately 133 feet to 153 feet mean sea level (MSL) and slopes from the north to south. The

bedrock surface dips to the southwest in the northern portion of the Site and southeast in the southern

portion of the Site. Over short distances, the seismic survey indicated the bedrock surface is mildly

irregular, except for the southeastern corner of the survey area, where the bedrock surface dips steeply to

the east.

Generally north-south trending fracture zones with high angle dips were observed at the Site. In addition,

northeast-southwest trending fracture zones were also observed. One interpreted, north-south oriented,

water-bearing fracture zone passes to the west of the source area and extends to the southern portion of

the Site. This fracture zone was found to be dipping steeply to the east and appears to be affecting

contaminant transport in the bedrock.

The overburden, shallow bedrock, and deep bedrock contour maps all show a southerly groundwater flow

direction beneath the Site. The EMD is the dominant surface or near-surface feature in the area that

affects groundwater flow, particularly in the overburden. There is a pipe on the north side of the EMD that

discharges surface runoff/shallow groundwater into the EMD. This feature has been characterized and is

part of the RI datasets. A stormwater drainage system on the East Mat is the only other engineered
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structure in the area. This system was investigated as RIA 39 a – h; all components of RIA 39 have been

closed out with no action required. The storm drains are connected to the TACAN outfall on the west side

of the East Mat and to tributaries of Old Swamp River on the east side. There are no buried gas or

electrical utility lines within the site boundary. The drainage system that is downgradient of the EMD will

not have an effect on the plume because utilities are constructed in overburden and the overburden

plume at SRA ends at the EMD.

The groundwater flow patterns during both seasonal high and seasonal low conditions were very similar

in overburden, shallow bedrock and deep bedrock. The groundwater flow directions and rates in

overburden, shallow bedrock and deep bedrock groundwater did not vary significantly between seasonal

high and seasonal low water levels. Calculated horizontal gradients in the overburden, shallow bedrock

and deep bedrock all ranged from 0.01 to 0.02 ft/ft. Four synoptic groundwater level measurement

rounds completed in November 2006, December 2006, April 2007, and November 2009 indicated a

consistent depth to groundwater, ranging from 0 to 6 feet below ground surface across the Site.

1.3.4 Nature and Extent of Contamination

VOCs are the predominant contaminants at the Site. The most frequently detected VOC compounds are

PCE and its degradation products: TCE, cis-1,2-DCE, and vinyl chloride (VC) (to a more limited extent).

These four compounds are also the only VOCs that exceeded their respective Maximum Contaminant

Levels (MCLs). VOCs, including PCE and its breakdown products, were detected infrequently in soil,

sediment, and surface water. Direct evidence of dense non-aqueous-phase liquid (DNAPL) was not

found at the Site. However, indirect evidence for the potential presence of DNAPL exists. Figures 1-4

and 1-5 show the extent of the PCE plume in the overburden and bedrock. The extent of other chemicals

of concern (COCs) is depicted on RI Report figures included in Appendix A. A summary of the

groundwater sampling results from the RI Report is also included in Appendix A.

The SVOCs, caprolactam and naphthalene, were the most frequently detected SVOCs in groundwater.

The SVOC, 3,3’-dichlorobenzidine, was detected in one sample and the concentration exceeded the

Region 9 PRG; 2,4,6-trichlorophenol was detected in more than one groundwater sample.

Concentrations of pentachlorophenol (PCP) exceeded its Region 9 PRG in two groundwater samples and

the MCL was also exceeded in one of these samples. A few additional SVOCs were detected, each in

just one subgroup in just one sample, and at concentrations that did not exceed the screening criteria.

Polycyclic aromatic hydrocarbons (PAHs) were detected in the surface water location in the western

portion of the EMD. Four PAHs and bis(2)ethylhexylphthalate (BEHP) were the only SVOCs that were

detected at concentrations greater than their Region 9 PRGs in site soils. Sediment samples exceeded

Region 9 PRGs for five SVOCs, all PAHs.
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Pesticides were detected in Site soil, groundwater, and sediment, generally infrequently and at low

concentrations. Endosulfan I was the only pesticide detected in groundwater; no pesticides were

detected in the surface water samples. PCBs (Aroclor-1242 and Aroclor-1260) were detected in surface

and subsurface soils. PCBs were not detected in Site groundwater. Aroclor-1242, Aroclor-1248,

Aroclor-1252, and Aroclor-1260 were detected in sediment samples.

Five metals (aluminum, arsenic, iron, manganese, and vanadium) were present at concentrations

exceeding their respective Region 9 PRGs in soil, groundwater, surface water and sediment. Barium in

groundwater exceeded the Region 9 PRG in one location; its MCL was also exceeded in this location.

Because the Site is primarily a wetland with a very high water table, the thickness of unsaturated soil

precluded soil vapor sampling over much of the Site. The one soil vapor sample collected contained a

very low concentration of toluene.

Evaluation of Groundwater Time Series Data

In response to discussions at a BRAC Cleanup Team (BCT) meeting on October 28, 2010, the Navy

proposed collection of additional time series groundwater data at select SRA monitoring wells to support

the FS. In December 2010, the Navy proposed two additional groundwater sampling events for spring

and fall 2011 to determine whether there are changes in the CVOC plume at SRA. Sixteen monitoring

wells were originally selected to provide time series data for use in the FS. Four additional monitoring

wells were added to the fall sampling event to provide additional data for modeling purposes. The data

from the two 2011 groundwater sampling events have been used to check the limits of the overburden

and bedrock groundwater contamination delineated during the RI. The groundwater sampling events

were completed during April 2011 (high groundwater) and August (low groundwater). A summary of

these two events, including data tables, figures, and plotted time series data, is included as Appendix H.

The conclusions of this additional data collection are presented below.

The PCE plume and concentrations in the overburden groundwater are consistent or decreasing

(Figure 1-6). The TCE, cis-1,2-DCE, and VC plumes in the overburden groundwater continue to be much

more limited in extent than the PCE plume and the detected concentrations are similar to prior events.

The analytical data (between 1999 and 2011) indicate a decrease in the extent of the plume on its

western flank (MW10-302) and southern edge (MW10-303). The data indicate a slight increase in the

extent of the plume on its eastern flank (MW10-304) and near the source area (CH108-MW01). Overall,

these are not considered significant changes to the extent of the overburden plume.

The PCE plume and concentrations in the bedrock groundwater are slightly decreasing to the north,

variable within the source area, consistent to the southeast and southwest, and increasing or consistent
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to the south (Figure 1-7). The TCE, cis-1,2-DCE, and VC plumes in the bedrock groundwater continue to

be much more limited in extent than the PCE plume and the detected concentrations are similar. The

analytical data (between 2004 and 2011) suggest a slight increase in concentrations of the plume on its

eastern flank (MW-304D) and south of the source area (MW10-302D). Concentrations of the bedrock

plume are generally consistent south of the East Mat Ditch and contracting north of the source area. It

should be noted that these apparent trends may not be statistically significant. The bedrock groundwater

results to date indicate that the extent of the plume is generally consistent to the southeast and

southwest, slightly expanding to the south and east, and contracting to the north. Within the source area

in the bedrock the concentrations are variable. Overall, these data do not suggest a significant shift in the

bedrock plume configuration in this time period.

1.3.5 Contaminant Fate and Transport

Two primary sources of contaminants detected in Site soil, groundwater, surface water, and sediment

have been identified based on evaluation of the concentrations and distribution of contaminants,

contaminant properties, and the physical characteristics of the Site. These two sources include: releases

of liquid waste (solvents) adjacent the dirt access road to the former Pistol Range; and historical disposal

of debris and fuel in the EMD.

While several hypotheses regarding the origin of the contamination have been advanced, none have

been corroborated. The most plausible explanation of the source is that spent solvents were disposed of

at the Site. The source of the chlorinated solvent plume is likely direct disposal of chlorinated solvent(s),

either PCE or a mixture, on the ground surface. The historical presence of discolored water, solid waste

and the report that aircraft fuel tanks were previously drained into the EMD indicated that the source of

PCBs, SVOCs, and metals in sediment are attributable to this historical status of the EMD.

Anthropogenic and Natural Background Conditions

Some of the contaminants detected on the Site may be present as a result of background conditions.

These are identified below:

 Pesticide presence is likely related to general use of pesticides on the Base.

 The presence of arsenic, manganese, vanadium, iron and other metals in Site media is likely a

natural background condition.

 The presence of BEHP and PAHs is likely a result of their ubiquitous presence in the environment.
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1.3.6 Baseline Risk Assessments

1.3.6.1 Human Health Risk Assessment

The objective of this risk assessment was to determine whether detected concentrations of chemicals

within the study area pose a significant threat to potential human receptors under current and/or future

land use. The risk assessment for the Site was based on chemical data for subsurface soil, surface soil,

groundwater, soil gas, surface water, and sediment. The potential risks to human receptors were

estimated based on the assumption that no actions are taken to control contaminant releases. Five

potential receptor groups were evaluated: future maintenance workers, current and future adolescent

trespassers, future adult and child recreational users, future adult and child residents, and future

construction workers. Note that while the nature and extent evaluation in the RI used Region 9 PRGs,

the risk assessment used the EPA RSLs.

Potential unacceptable risks were identified for future residents (adult and child), primarily from use of

groundwater as drinking water and in the form of vapor intrusion into buildings, and for future construction

workers from ingestion, dermal exposure, and inhalation of vapors in narrow deep trenches.

The major contributor to risk is PCE in groundwater. In addition to use for drinking water purposes, an

evaluation of potential risks associated with use of groundwater for irrigation indicated a potential risk to

future residents via the dermal exposure pathway (adult only) and the vegetable ingestion exposure

pathway (adult and child). Exposures to surface soil, subsurface soil, sediment, and surface water do not

contribute significantly to total receptor hazards. Further examination of these results reveals that the

organ-specific hazard indices for blood, skin, cardiovascular system (CVS), liver, and kidney, and the

individual hazard quotients for cis-1,2-DCE, PCE, arsenic, and barium in groundwater exceed 1 for future

child residents under the Reasonable Maximum Exposure (RME) scenario. The organ-specific hazard

indices for blood and liver, and the individual hazard quotients for cis-1,2-DCE and PCE in groundwater

exceed 1 for future adult residents under the RME scenario.

For future construction workers, exposure to groundwater through ingestion, dermal contact and

inhalation of volatiles in trench air are the primary pathways of concern. Exposures to surface soil,

subsurface soil, sediment, and surface water do not contribute significantly to total receptor hazards. The

organ-specific hazard index for liver and the individual hazard quotient for PCE in groundwater exceed 1

for future construction workers under the RME scenario. The organ-specific hazard index for liver and the

individual hazard quotient for PCE in trench air at the study area exceed 1 for construction workers under

the RME scenario.
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These exceedances of 1 by organ-specific hazard indices and individual contaminants indicate that

adverse non-carcinogenic health effects are possible under the conditions established in the exposure

assessment for future residents and future construction workers.

The RME cancer risk estimates for the future adult and child residents and future construction workers

exceed the USEPA cancer risk range (1x10
-4

to 1x10
-6

). The major contributor to cancer risk at the Site is

PCE in groundwater.

Vapor intrusion was quantitatively evaluated for residential and industrial scenarios. Adolescent

trespassers were evaluated for exposure to chemicals in groundwater migrating to outdoor air. Residents

were evaluated for exposure to groundwater used for irrigation through dermal contact (adult only) and

ingestion of home-grown vegetables (child and adult). PCE in groundwater was identified as a risk driver

for vapor intrusion in both industrial and residential scenarios. PCE in groundwater used for irrigation

exceeded USEPA target cancer and non-cancer risk levels in the RME scenarios via the dermal exposure

pathway and via the vegetable ingestion exposure pathway.

Based on the non-cancer and cancer evaluations, the following contaminants with non-cancer hazard

quotients greater than 1 or with cancer risks greater than 1x10
-6

in a scenario with total cancer risks

greater than 1x10
-4

were identified as COCs: cis-1,2-DCE, PCE, TCE, VC, PCP, 3,3-dichlorobenzidine,

arsenic, and barium in groundwater used as drinking water; PCE in vapor intrusion, and PCE in

groundwater used for irrigation. PCE in groundwater is the primary COC risk driver in both future

residents and future construction workers.

1.3.6.2 Ecological Risk Assessment

Screening level risks to terrestrial plants, invertebrates, and aquatic organisms were present for several

chemicals. However, during the detailed risk evaluation it was determined that plants or invertebrates are

not likely to be significantly impacted from the chemicals detected in soil at the Site and that risks to

aquatic organisms were not great enough for any chemicals to warrant further evaluation at this Site

and/or the concentrations in the Site samples were similar to the concentrations in background samples.

Although some slight impacts to sediment invertebrates could occur from PAHs and pesticides in the

sediment, the PAHs and pesticides do not appear to be site-related. Some slight impacts to sediment

invertebrates could occur from PCBs in the sediment but the maximum potentially impacted area is

approximately 150 linear feet. None of the metals detected in the sediment samples are expected to

significantly impact sediment invertebrates at the Site.
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Several chemicals had a hazard quotient (HQ) greater than 1 based on the conservative food chain

models for terrestrial receptors. During the detailed risk evaluation, it was determined that risks to wildlife

were not great enough for any chemicals to warrant further evaluation at this Site and/or the

concentrations in the site samples were similar to the concentrations in background samples.

1.3.6.3 Conclusions

Contaminants in Site media did not pose unacceptable human health or ecological risks under current

exposure scenarios. However, groundwater at the Site contained several organic contaminants and

metals at concentrations that may pose unacceptable human health risks to future construction workers

from exposure to COCs via incidental ingestion, dermal contact, inhalation, and exposure of building

occupants to VOCs resulting from vapor intrusion.

Adverse effects to terrestrial receptors, wildlife, aquatic organisms and terrestrial plants and invertebrates

were not predicted. There are no significant impacts to sediment invertebrates that could occur from

PAHs and pesticides in the sediment, and there are no significant impacts to sediment invertebrates that

could occur from PCBs in the sediment.
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2.0 REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

This section develops RAOs and presents cleanup goals for contaminated groundwater and surface

water in the EMD impacted by discharge of contaminated groundwater. The regulatory requirements and

guidances (e.g., ARARs) that may potentially govern remedial activities are presented in this section. In

addition, this section presents COCs identified in Section 1.0 and the conceptual pathways through which

these chemicals may affect human health and the environment, and thus determines the environmental

media of concern. The cleanup goals for contaminated media are developed in this section, and GRAs

that may be suitable to achieve the cleanup goals are presented. Finally, this section presents estimates

of the volumes of the contaminated media of concern.

As shown on Figure 2-1, the Site is located in a portion of the Base where MassGIS has not mapped any

medium- or high-yield aquifers. MassDEP has assigned category GW-3 to groundwater at the Site. The

Local Redevelopment Authority, SSTTDC, as well as the Master Developer, LNR South Shore LLC

(LNR), have indicated that groundwater production, supply, and irrigation needs for the redevelopment

can be provided by sources other than the groundwater associated with the SRA Site. Future uses of

Site groundwater for production, supply, and irrigation are not reasonably foreseeable uses and,

therefore, will be prohibited and are not exposure scenarios that will be evaluated in the FS.

The extent of groundwater contamination shown on Figure 2-1 is predominantly in an area zoned for

Open Space (OS-W) and recreation uses (RecD). Based on the foregoing, the reasonably foreseeable

future uses of the SRA Site include indoor and outdoor commercial recreation and health and fitness

clubs and some institutional uses under a special permit only.

2.1 MEDIA OF CONCERN

Based on the results of the risk assessment for human and ecological receptors discussed in

Section 1.3.6, the media of concern at the SRA was determined to be groundwater and vapor intrusion

due to volatile compounds migrating from groundwater. In addition, although not identified as a medium

of concern in the RI, the FS considers surface water a medium of concern and addresses potential future

exposures to surface water in the EMD due to discharge of contaminated groundwater to the EMD.

Using the USEPA cancer risk range, no unacceptable risks were identified in the Human Health Risk

Assessment (HHRA) for sediment, soil, and surface water. There are no risks or contaminants with

concentrations greater than leachability criteria in the soil. Therefore, there are no unsaturated soil

COCs. Although exposures to surface water do not currently contribute significantly to total receptor

hazards, the FS will address future recreational exposure to surface water in the EMD since surface water

may be impacted by discharge of contaminated groundwater.
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2.2 CHEMICALS OF CONCERN FOR REMEDIATION

2.2.1 Chemicals of Concern in Groundwater

Based on the non-cancer and cancer evaluations, the following contaminants with non-cancer hazard

quotients greater than 1 or with cancer risks greater than 1x10
-6

in a scenario with total cancer risks

greater than 1x10
-4

were identified as primary risk drivers: PCE, TCE, cis-1,2-DCE, VC, PCP,

3,3-dichlorobenzidine, arsenic, and barium in groundwater used as drinking water, with PCE in

groundwater as the primary risk driver for unacceptable risk to future residents and future construction

workers. While high concentrations of PCE were found in soils in the saturated zone, this contamination

would be addressed as part of groundwater remediation. PCE was also the major risk driver for

chemicals migrating from groundwater through vapor intrusion (industrial and residential scenarios).

Therefore, the following chemicals were selected as COCs for SRA: PCE, TCE, cis-1-2,DCE, VC, PCP,

3,3’-dichlorobenzidine, arsenic, and barium in groundwater used as drinking water; and PCE in the vapor

intrusion pathway.

However, as discussed in Section 1.3.4, PCP is present at a concentration greater than its MCL in only

one well, which is a deep bedrock well. Similarly, 3,3’-dichlorobenzidine is present in only one well, which

is in the shallow bedrock. Barium is present at a concentration greater than its MCL in only one well,

which is in the deep bedrock. The occurrence and risk associated with these three COCs is low. Arsenic

was detected in most wells, but all concentrations were less than its MCL. As discussed in the summary

of the HHRA in Section 1.3.6.1, the risk associated with these compounds is via ingestion of groundwater.

Since site groundwater will not be used for production, supply or irrigation purposes, the FS addresses

the risk to a construction worker from exposure to COCs via incidental ingestion, dermal contact, and

inhalation. The PCE risk via ingestion of groundwater is an order of magnitude greater than the risk

associated with these four COCs. Active treatment of these COCs does not appear to be necessary and

is not discussed in the FS.

2.2.2 Chemicals of Concern in Surface Water

Based on the non-cancer and cancer evaluations in the HHRA, there are no contaminants with non-

cancer hazard quotients greater than 1 or with cancer risks greater than 1x10
-6

in a scenario with total

cancer risks greater than 1x10
-4

. However, based on the MassDEP risk level of 10
-5

, Aroclor-1248 is a

COC in surface water.

In addition, contaminated groundwater flows into the EMD. Currently, the concentrations of the COCs in

the groundwater do not cause an unacceptable risk for exposure to the surface water, but there is a
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potential for higher concentrations of groundwater COCs to reach the EMD. Therefore, PCE, TCE,

cis-1,2-DCE, and VC are evaluated as COCs in surface water.

2.3 REMEDIAL ACTION OBJECTIVES

RAOs are medium-specific goals that define the objective of conducting remedial actions to protect

human health and the environment. The RAOs specify the COCs, potential exposure routes and

receptors, and acceptable concentrations (i.e., cleanup goals) for the site.

The development of cleanup goals takes into consideration chemical-specific ARARs and TBCs.

Section 2.3.2 identifies the ARARs and TBCs for groundwater and surface water remediation. Note that

the RAOs do not address exposure to groundwater via production, supply or irrigation wells since cleanup

of groundwater to allow these uses is not warranted. Land use controls (LUCs) will be imposed to

prevent these exposures.

2.3.1 Statement of Remedial Action Objectives

To protect the public from potential current and future health risks, as well as to protect the environment,

the following RAOs have been developed for groundwater and surface water at SRA.

RAO No. 1: Prevent the migration of COCs to surface water at concentrations that pose an

unacceptable risk to human health.

RAO No. 2: Prevent exposure of building occupants to VOCs resulting from vapor intrusion into future

buildings at the Site at concentrations that pose unacceptable risk.

RAO No. 3: Prevent exposure of construction workers during excavation activities to VOCs and

COCs in groundwater at concentrations that pose unacceptable risk.

RAO No. 4: Prevent migration of groundwater containing COCs at concentrations that pose

unacceptable risk.

2.3.2 Applicable or Relevant and Appropriate Requirements and To Be Considered Criteria

ARARs consist of the following:
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 Any standard, requirement, criterion, or limitation under federal environmental law.

 Any promulgated standard, requirement, criterion, or limitation under a state environmental or facility-

siting law that is more stringent than the associated federal standard, requirement, criterion, or

limitation.

Per 40 Code of Federal Regulations (CFR) 300.400(g)(3), TBCs are non-promulgated, non-enforceable

guidelines or criteria that may be useful for developing a remedial action or are necessary for determining

what is protective to human health and/or the environment. Examples of TBCs include USEPA Vapor

Intrusion Guidance, Reference Doses (RfDs) and Cancer Slope Factors (CSFs).

According to 40 CFR 300.430(f)(1)(i)(A), overall protection of human health and the environment and

compliance with ARARs are threshold requirements that each remedial alternative must meet to be

eligible for selection.

2.3.2.1 Definitions

The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) at 40 CFR 300.5 provides

the following definitions for ARARs:

 Applicable Requirements are those cleanup standards, standards of control, and other substantive

environmental protection requirements, criteria, or limitations promulgated under federal or state law

that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or

other circumstance at a CERCLA site.

 Relevant and Appropriate Requirements are cleanup standards, standards of control, and other

substantive environmental protection requirements, criteria, or limitations promulgated under federal

or state law, although not "applicable" to a hazardous substance, pollutant, contaminant, or remedial

action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently

similar to those encountered at the CERCLA site that their use is well suited to the particular site.

Per 40 CFR 300.400(g)(3), other advisories, criteria, or guidance are to be considered for a particular

release. The TBC category consists of advisories, criteria, or guidance developed by USEPA, other

federal agencies, or states that may be useful in developing CERCLA remedies.

Under CERCLA Section 121(d)(4), USEPA may waive compliance with an ARAR if one of the following

conditions can be demonstrated:
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 The remedial action selected is only part of a total remedial action that will attain the ARAR level or

standard of control upon completion.

 Compliance with the requirement will result in greater risk to human health and the environment than

other alternatives.

 Compliance with the requirement is technically impracticable from an engineering perspective.

 The remedial action selected will attain a standard of performance that is equivalent to that required

by the ARAR through the use of another method or approach.

 With respect to a state requirement, the state has not consistently applied the ARAR in similar

circumstances at other remedial actions within the state.

 Compliance with the ARAR will not provide a balance between protecting public health, welfare, and

the environment at the facility with the availability of Superfund money for response at other facilities

(fund-balancing). This condition only applies to Superfund-financed actions.

USEPA in various guidance documents and the NCP has divided ARARs into three categories to facilitate

identification. Chemical-specific and location-specific ARARs are identified early in the process, generally

during the RI; action-specific ARARs are normally identified during the FS in the detailed analysis of

alternatives. These three types of ARARs are defined as follows:

 Chemical-Specific: Health- or risk-based numerical values or methodologies that establish

concentration or discharge limits for particular contaminants. Examples include MCLs and Clean

Water Act (CWA) Ambient Water Quality Criteria (AWQCs).

 Location-Specific: Restrict actions or contaminant concentrations in certain environmentally sensitive

areas. Examples of these areas regulated under various federal laws include floodplains, wetlands,

and locations where endangered species or historically significant cultural resources are present.

 Action-Specific: Technology- or activity-based requirements, limitations on actions, or conditions

involving special substances. Examples of action-specific ARARs include Resource Conservation

and Recovery Act (RCRA) regulations for generation, characterization, and management of

hazardous wastes and CWA effluent limitations and pre-treatment standards for wastewater

discharges.
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The following section discusses chemical- and location-specific ARARs and TBCs. Action-specific

ARARs and TBCs are presented in Section 2.5.2 along with the discussion of GRAs.

2.3.2.2 Chemical-Specific ARARs and TBCs

Federal and state chemical-specific ARARs and TBCs provide some medium-specific guidance on

“acceptable” or “permissible” concentrations of contaminants. Table 2-1 presents federal and

Massachusetts chemical-specific ARARs and TBCs for this FS.

2.3.2.3 Location-Specific ARARs and TBCs

Federal and state location-specific ARARs place restrictions on concentrations of contaminants or the

conduct of activities based on the site’s particular characteristics or location. Table 2-2 presents federal

and Massachusetts location-specific ARARs and TBCs for this FS.

2.4 PRELIMINARY REMEDIATION GOALS

PRGs were developed for the Site to establish target cleanup goals for remedial actions to reduce COC

concentrations in Site media and mitigate the unacceptable risks to human health and the environment.

Final cleanup goals for the selected Site remedial action will be documented in the Record of Decision.

PRGs can be developed based on chemical-specific ARARs, when available, or risk-based factors. In

addition, the use of groundwater and the presence of COCs in background locations are also considered

in developing the PRGs. The methods used to develop candidate PRGs are discussed below.

2.4.1 Groundwater Preliminary Remediation Goals

2.4.1.1 Human Health Risk-Based Preliminary Remediation Goals

Chemicals with unacceptable human health risks were identified as COCs for human receptors in

Section 2.2. Human health risk-based PRGs were developed for those COCs.

Risk-based PRGs establish cleanup goals for remedial actions to reduce concentrations of COCs in site

media and mitigate unacceptable risks to human health and the environment. PRGs were derived for the

COCs identified in Site groundwater and surface water. The methodology used to derive PRGs for these

media and the selected exposure pathways is described below.

Table 2-3 presents the PRGs for the following exposure scenarios, based on the RAOs:
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 Recreational exposure to VOCs migrating from the shallow groundwater via vapor intrusion. This

would be applied to two exposure scenarios: recreational uses allowed in the upland portions of the

OS-W zone; and recreational uses allowed in the RecD zone.

 Construction worker exposure to VOCs in the shallow water table. This would apply to the RecD

zone and the OS-W zone.

 Future receptors under the future land uses for the various areas of the site, i.e., recreation,

institutional use and construction of buildings, roads and utilities in the RecD area; and, open space,

recreation and roads in the OS-W zone.

 Recreation exposure to surface water.

For each scenario, risk-based PRGs were calculated representing the 1 x 10
-5

cancer risk level and HI of

1 for each COC based on the exposure routes in each scenario (See Appendix B). These PRGs apply to

the specific areas as noted. There are two PRGs for recreational exposure via vapor intrusion due to the

different allowable uses in the OS-W and RecD zones. The SSTTDC application to the National Park

Service for public benefit conveyance (PBC) of the OS-W area includes walking/bike trails but no

structures. The SSTTDC Zoning and Land Use By-Laws do not allow residential, commercial, industrial,

or indoor recreational uses in the OS-W area. The allowable uses in the RecD zone however allow for

indoor recreational uses, health/fitness clubs, but no residential, other commercial or industrial uses. The

lower of the values was selected as the human health risk-based PRG for each scenario. These selected

human health risk-based PRGs represent values protective of both cancer and non-cancer risks. For a

given COC, the lowest of the carcinogenic and non-carcinogenic risk values was carried forward for

comparison with other potential PRGs.

2.4.1.2 ARARs and TBCs

As discussed in Section 2.0, MassDEP has assigned category GW-3 to site groundwater. SSTTDC and

LNR have indicated that extraction of site groundwater for production, supply, and irrigation purposes is

not a reasonably forseeable use and will be prohibited. As such, drinking water criteria, such as MCLs

and Maximum Contaminant Level Goals (MCLGs) are not considered as potential PRGs.

MassDEP GW-3 standards were selected as TBCs and used as maximum values for PRGs. Where a

risk-based PRG is greater than the GW-3 standard, the GW-3 standard will be used. These values are

shown in Table 2-3.
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2.4.1.3 Background Concentrations

Background concentrations may be used as PRGs, since background values represent contaminant

concentrations in the absence of site activities when no excess risk is anticipated. Background

concentrations are used in selection of PRGs because it is not reasonable and may not be possible to

remediate site media to concentrations that are lower than background conditions. Further, it is Navy

policy to only address those risks associated with chemical concentrations that are elevated as a result of

a site-related release.

Although background groundwater concentrations were developed for NAS South Weymouth, because of

the exposure routes and types of COCs (e.g., VOCs), background concentrations were only considered

for two COCs. The occurrence of the inorganic COCs (arsenic and barium) is limited to a few wells, and

the background concentration developed for barium is less than any of the risk-based PRGs. No

background concentration was developed for arsenic. Thus, no background concentrations were

selected as PRGs. The background concentrations are included on Table 2-3.

2.4.1.4 Selection of Proposed Groundwater PRGs

The human health risk-based PRGs were typically selected except where they were greater than the

MassDEP GW-3 standards. In those cases, the MassDEP GW-3 standard was used. The selected

PRGs are the COC concentrations that would provide the highest level of protection of human health and

the environment, while still being reasonably achievable by current remediation techniques. Table 2-3

presents the potential and selected PRGs for each compound for groundwater for each exposure

scenario (e.g., vapor intrusion, construction worker), the basis for selection, and the risk associated with

the selected PRG. Table 2-4 presents the groundwater PRGs selected for the open space and recreation

zoning districts for each groundwater COC along with the basis for selection. Because the groundwater

and surface water are directly related, the surface water PRGs are included in Table 2-3 along with the

groundwater PRGs.

2.4.2 Surface Water Preliminary Remediation Goals

No COCs were identified in surface water by the HHRA. Aroclor-1248 was the only compound identified

with a risk (1.4 x 10
-5

) greater than 1 x 10
-5

, the MassDEP risk level. Therefore, a risk-based PRG for

Aroclor-1248 was developed. Because contaminated groundwater flows into the EMD, PRGs for surface

water for the VOCs that are present in the groundwater were also developed, as shown in Table 2-3.
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2.4.2.1 Human Health Risk-Based Preliminary Remediation Goals

Chemicals with unacceptable human health risks were identified as COCs for human receptors in

Section 2.2. Human health risk-based PRGs were developed for those COCs.

Risk-based PRGs are proposed cleanup levels that are based on human health risks, and are intended to

be protective of human health. PRGs were derived for the COCs identified in Site surface water and

groundwater. The methodology used to derive PRGs for surface at the Site is described below.

Table 2-3 presents the PRGs developed for exposure to surface water. Three receptors were

considered: lifelong recreational user, child recreational user, and adolescent trespasser. The exposure

routes include dermal contact and incidental ingestion. Of these three exposure scenarios, the estimated

PRGs for the lifelong recreational user are the most restrictive and are shown on Table 2-3. The

calculations of the PRGs are included in Appendix B.

For each scenario, risk-based PRGs were calculated representing the 1 x 10
-5

cancer risk level and HI of

1 for each COC based on the exposure routes in each scenario. The lower of the values was selected as

the human health risk-based PRG for each scenario. These selected human health risk-based PRGs

represent values protective of both cancer and non-cancer risks. For a given COC, the lowest of the

carcinogenic and non-carcinogenic risk values was carried forward for comparison with other potential

PRGs.

2.4.2.2 ARARs and TBCs

Because the ditch would not be a suitable source of drinking water, MCLs, MCLGs, and other drinking

water standards are not ARARs. Because of the low and variable flow rates of water in the EMD, and

because the EMD is often dry, the ditch does not support a permanent aquatic habitat, so water quality

criteria were not considered as potential ARARs or TBCs.

2.4.2.3 Background Concentrations

There are no site specific background concentrations for VOCs in surface water, so background

concentrations were not considered as potential PRGs.

2.4.2.4 Selection of Proposed Surface Water PRGs

The human health risk-based PRGs were selected because there were no ARARs or TBCs and

background values. The selected PRGs are the COC concentrations that would provide the highest level

of protection of human health while still being reasonably achievable by current remediation techniques.
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Table 2-3 presents the potential and selected PRGs for each compound, the basis for selection, and the

risk associated with the selected PRG. As noted, because the groundwater and surface water are

directly related, the surface water PRGs are included with the groundwater PRGs on Table 2-3.

2.5 GENERAL RESPONSE ACTIONS AND ACTION-SPECIFIC ARARS

GRAs are broadly defined remedial approaches that may be used (by themselves or in combination with

one or more of the others) to attain the RAOs. Action-specific ARARs and TBCs are those regulations,

criteria, and guidances that must be complied with or taken into consideration during remedial activities at

a site.

2.5.1 General Response Actions

GRAs describe categories of actions that could be implemented to satisfy or address a component of the

RAOs for the site. Remedial action alternatives are formed using GRAs singly or in combination to meet

the RAOs.

The following GRAs will be considered for groundwater and surface water at SRA:

 No Action

 Limited Action Removal

 In-Situ Treatment

2.5.2 Action-Specific ARARs

Action-specific ARARs and TBCs are technology- or activity-based regulatory requirements or guidance

that would control or restrict remedial action. Action-specific ARARs and TBCs for each alternative are

developed and presented in Section 4.

2.6 ESTIMATED VOLUMES OF CONTAMINATED GROUNDWATER

2.6.1 Volume of Contaminated Groundwater

The northernmost extent of the PCE plume in the overburden is at MW10-408, with a concentration of

0.91 µg/L.  The highest concentration of PCE in overburden (16,000 μg/L) is located in the center of the 

Site, at CH108-MW01. The plume extends to the south, consistent with the overburden groundwater flow

direction, with concentrations of 9,200 μg/L at MW10-400; 7,900 μg/L at CH108-MW02, and 120 μg/L at 

MW-303 (south of the former Pistol Range). The PCE plume extends to but not beyond (i.e., south of)

the East Mat Ditch in the overburden. The plume is somewhat limited in extent to the east and west,
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extending about 100 feet to the west from the access road and to the Eastern Drainage Ditch. The

outline of the plume at various depths is depicted on Figures 1-4 through 1-7.

The PCE plume in shallow bedrock extends as far to the north as in the overburden plume

(MW10-408D1).  The highest concentration of PCE in shallow bedrock is in MW10-405D1 (3,900 μg/L).  

High concentrations are also found in the MW10-402 and MW-302D area, where PCE was detected at

concentrations greater than 1,000 μg/L.  Downgradient (closer to the former Pistol Range) the 

concentrations are less than 10 µg/L. PCE was detected further south at MW10-411D1, on the East Mat,

at very low concentrations (0.25 μg/L) in the shallow bedrock.  

The PCE plume in deep bedrock groundwater has the same general orientation as in the shallow

bedrock, but the deep bedrock plume is not as wide in the east-west direction. The maximum PCE

concentration in deep bedrock groundwater, 5,600 μg/L (8,900 μg/L in November 2006), is located at 

MW10-405D2, the same horizontal location where the maximum concentration was detected in shallow

bedrock. In addition the PCE concentration at deep bedrock monitoring well location MW20-503D (north

of the source area) was 2,600 μg/L.  PCE was detected further south at MW10-411D2, on the East Mat, 

at a concentration of 6.3 µg/L in the deep bedrock.

The volume of groundwater in the overburden plume, based on the 5 µg/L (the MCL) PCE

isoconcentration line, is approximately 5,919,000 gallons. Within the plume is an area where PCE

concentrations are greater than 10,000 µg/L, and the volume of contaminated groundwater within the

10,000 µg/L PCE isoconcentration lines is approximately 139,000 gallons. Porosity values, based on the

RI data, were 0.20 for the overburden zone.

The volume of groundwater in the shallow and deep bedrock plumes, based on the 5 µg/L (the MCL) PCE

isoconcentration line, is approximately 1,550,000 gallons. Within the plume is an area where PCE

concentrations are greater than 1,000 µg/L, and the volume of contaminated groundwater within the

1,000 µg/L PCE isoconcentration lines is approximately 325,000 gallons. Porosity values, based on the

RI data, were 0.02 for the shallow and deep bedrock zone.

2.6.2 Mass of Contaminants - Dissolved and Adsorbed Phases

The masses of contaminants in groundwater and adsorbed to saturated soil were estimated using RI

data. Partition coefficients were obtained from literature, and the value for organic carbon in the soil was

estimated using data collected during the RI. The mass of contaminants in the PCE plume is

summarized in Table 2-5. The calculations are included in Appendix C.
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Requirement Citation Status Synopsis Evaluation/Action To Be Taken

Federal

Cancer Slope
Factors (CSFs)

US EPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media.
Alternatives must meet the risk-based
cleanup goals developed through the
use of this guidance.

Reference Doses
(RfDs)

US EPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants.
Alternatives must meet the risk-based
cleanup goals developed through the
use of this guidance.

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential
carcinogenic risks caused by
exposure to contaminants.
Alternatives must meet the risk-based
cleanup goals developed through the
use of this guidance.

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/r-03/003F

March 2005

TBC Guidance for assessing cancer risks in
children

Used to calculate potential
carcinogenic risks to children caused
by exposure to contaminants.
Alternatives must meet the risk-based
cleanup goals developed through the
use of this guidance.
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Federal (Continued)

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor intrusion
risk.

Since the future use includes
structures on the site, assessment of
potential vapor intrusion risks will be
conducted in accordance with the
guidance.

Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of risk
due to consumption of contaminated
drinking water; they consider non-
carcinogenic effects only. To be
considered for contaminants which do
not have chemical-specific ARARs
where groundwater may be used for
drinking water. The non-enforceable
federal guideline Health Advisory for
manganese is 0.3 mg/l.

Used to evaluate the non-
carcinogenic risk resulting from
exposure to manganese.

State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC The standards are protective of public
health, public welfare, and the
environment (i.e., represent a condition
of "no significant risk"), given the
exposures assumed, and are
measurable. The GW-3 standard
applies to groundwater at the Site.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Protection of
Wetlands

44 Code of Federal
Regulations (CFR) 9

Relevant
and
Appropriate

FEMA regulations that set forth the
policy, procedure and responsibilities
to implement and enforce Executive
Order 11990, Protection of
Wetlands.

Remedial alternatives conducted within
federal jurisdictional wetlands will be
implemented in compliance with these
standards.

Clean Water Act,
Section 404; Section
404(b)(1) Guidelines
for Specification of
Disposal Sites for
Dredged or Fill
Material

33 United States Code
(USC) 1344; 40 CFR
230, 231 and 33 CFR
320-323

Applicable Under this requirement, no activity
that adversely affects a wetland shall
be permitted if a practicable
alternative with lesser effects is
available. If activity takes place,
impacts must be minimized to the
maximum extent. Controls
discharges of dredged or fill material
to protect aquatic ecosystems. Filling
or discharge of dredged material will
only occur where there is no other
practicable alternative and any
adverse impacts to aquatic
ecosystems will be mitigated.

Remedial activities that involve fill material
discharge to wetlands must comply with
these requirements. If there is no
practicable alternative to the discharge,
any adverse impacts will be mitigated.
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Federal (Continued)

Fish and Wildlife
Coordination Act

16 USC 661 et seq., Applicable Enacted to protect fish and wildlife
when federal actions result in the
control or modification of a natural
stream or body of water. Requires
federal agencies to take into
consideration the effect that water-
related projects would have on fish
and wildlife resources; to take action
to prevent loss or damage to those
resources; and to provide for the
development and improvement of
those resources.

All construction will be conducted in a
manner to mitigate impacts. Actions taken
will minimize adverse impacts to fish and
wildlife. Relevant federal and state
agencies will be contacted and allowed to
review the proposed work plans prior to
implementation.

State

Massachusetts
Endangered Species
Act

Massachusetts
General Laws (MGL)
Ch.,131A

321; Code of
Massachusetts
Regulations (CMR)
10.00

Applicable Sets out authority to research, list,
and protect any species deemed
endangered, threatened, or of other
special concern. Actions must be
conducted in a manner that
minimizes the effect on listed
Massachusetts species.

A state-listed species of special concern
(Eastern Box Turtle) has been observed at
the base, but not at the SRA site.
Appropriate measures will be taken during
remedial actions to ensure that the species
is not harmed by the alternative.
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State (Continued)
MA Wetlands
Protection Act

310 CMR 10.00 Applicable These regulations govern activities in
freshwater wetlands, 100-year
floodplains, 100-foot buffer zones
beyond such areas, and 200-foot
buffer zones to waterways.
Regulated activities include certain
types of construction and excavation
activities. Performance standards
are provided and include evaluating
the acceptability of various activities.

Any temporary disturbance of a wetland
during remedial activities will be restored.



TABLE 2-3

COMPILATION OF GROUNDWATER AND SURFACE WATER PRGs

SOLVENT RELEASE AREA FEASIBILITY STUDY

FORMER NAVAL AIR STATION SOUTH WEYMOUTH

 WEYMOUTH, MASSACHUSETTS

Where used Full site Full site 

Scenario All All

Chemical of 
Concern

MassDEP GW-
3 *

Site-specific 

Background1

ILCR of 

10-5 HI = 1 Selection
Selection 
Rationale

Risk
ILCR of 

10-5 HI = 1 Selection
Selection 
Rationale

Risk
ILCR of 

10-5 HI = 1 Selection
Selection 
Rationale

Risk
ILCR of 

10-5 HI = 1 Selection
Selection 
Rationale

Risk

PCE 30,000 NA 5,100 2,300 2,300 HI HI = 1 3,890 1,440 1,440 HI HI = 1 24,000 370 370 HI HI = 1 6,600 860 860 HI HI = 1
TCE 5,000 NA 350 170 170 HI HI = 1 370 109 109 HI HI = 1 1,500 18 18 HI HI = 1 520 220 220 HI HI = 1
cis-1,2-DCE 50,000 NA NA NA NA NA NA NA NA NA NA NA NA 4,400 4,400 HI HI = 1 NA 1,000 1,000 HI HI = 1

Vinyl Chloride 50,000 NA 52 1,900 52 ILCR ILCR of 10-5
39 1240 39 ILCR ILCR of 10-5

820 610 610 HI HI = 1 130 2,700 130 ILCR ILCR of 10-5

PCP 200 NA NA NA NA NA NA NA NA NA NA NA 69,000 200,000 200* GW-3 NA NA NA NA NA NA

3,3'-DCB 2,000 NA NA NA NA NA NA NA NA NA NA NA 1,200 NA 1,200 ILCR ILCR of 10-5
NA NA NA NA NA

Arsenic 900 NA NA NA NA NA NA NA NA NA NA NA 8,500 5,500 900* GW-3 NA NA NA NA NA NA
Barium 50,000 181.32 NA NA NA NA NA NA NA NA NA NA NA 450,000 50,000* GW-3 NA NA NA NA NA NA

Aroclor-1248 SW only NA SW only SW only SW only SW only SW only SW only SW only SW only SW only SW only SW only SW only SW only SW only SW only 140 NA 140 ILCR ILCR of 10-5

Notes:
All concentrations are ug/L.
MCLs were not evaluated since the use of groundwater for production, supply or irrigation purposes will be prohibited through permanent LUCs.

* - GW-3 value is used where risk-based value is greater than the GW-3 standard (310 CMR 40.0974(2)).
DCB - Dichlorobenzidine.
DCE - Dichloroethene.
EMD - East Mat Ditch.
HI - Hazard Index.
ILCR - Incremental Lifetime Cancer Risk.
NA - Not applicable.
OS-W - Open Space-Weymouth District
PCE - Tetrachloroethene.
PCP - Pentachlorophenol.
RecD - Recreation District
SW - Surface water.
TCE - Trichloroethene.

Vapor Intrusion (Commercial) Construction Worker
Life-long Recreational (Incidental ingestion and dermal 

contact)

1 - 95% Upper Prediction Limit (UPL) Background Concentrations - Basewide background concentrations calculated in the Final Summary Report of Background Data Summary Statistics for NAS South Weymouth (Stone & Webster, February 2000) and 
the Supplement to the Final Summary Report of Background Data Summary Statistics for NAS South Weymouth (Stone & Webster, November 2002).

OS-W (Groundwater near water table surface) RecD (Groundwater near water table surface) RecD and OS-W (Groundwater near water table surface) Surface Water in EMD

Vapor Intrusion (Recreational)
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SELECTION OF GROUNDWATER  PRGs

SOLVENT RELEASE AREA FEASIBILITY STUDY

FORMER NAVAL AIR STATION SOUTH WEYMOUTH

 WEYMOUTH, MASSACHUSETTS

Recreational VI 

PRG (1)

Construction 

Worker PRG (1) Selected PRG (2) Selection Basis
Commercial VI 

PRG (1)

Construction 

Worker PRG (1) Selected PRG (2) Selection Basis

PCE 2,300 370 370 Construction Worker 1,440 370 370 Construction Worker
TCE 170 18 18 Construction Worker 109 18 18 Construction Worker
cis-1,2-DCE NA 4,400 4,400 Construction Worker NA 4,400 4,400 Construction Worker

Vinyl Chloride 52 610 52 Recreational VI 39 610 39 Commercial VI
PCP NA 200 200 Construction Worker NA 200 200 Construction Worker
3,3'-DCB NA 1,200 1,200 Construction Worker NA 1,200 1,200 Construction Worker
Arsenic NA 900 900 Construction Worker NA 900 900 Construction Worker
Barium NA 50,000 50,000 Construction Worker NA 50,000 50,000 Construction Worker
Notes:
(1) Vapor intrusion and construction worker PRG values are from Table 2-3.
(2) Selected PRG is the lowest of the vapor intrusion and construction worker PRGs.

All concentrations are ug/L.
DCB - Dichlorobenzidine.
DCE - Dichloroethene.
OS-W - Open Space-Weymouth District
PCE - Tetrachloroethene.
PCP - Pentachlorophenol.
RecD - Recreation District
SW - Surface water.
TCE - Trichloroethene.
VI - Vapor Intrusion.

OS-W Zoning District RecD Zoning District

Chemical of 

Concern



TABLE 2-5

ESTIMATED MASS OF COCs IN GROUNDWATER
SOLVENT RELEASE AREA FEASIBILITY STUDY

FORMER NAS SOUTH WEYMOUTH
WEYMOUTH, MASSACHUSETTS

COC
Dissolved Phase

(pounds)

Sorbed
Phase

(pounds)

Total
(pounds)

Within 10,000 µg/L PCE isoconcentration lines (Overburden)

PCE 19 218 237

TCE 0.15 0.43 0.58

cis-1,2-DCE 0.9 0.6 1.5

VC 0.00099 0.00014 0.0011

Between 1,000 µg/L and 10,000 µg/L PCE isoconcentration lines
(Overburden)

PCE 62 730 792

TCE 1.01 0.81 1.82

cis-1,2-DCE 0.6 0.4 1.0

VC - - -

Within 1,000 µg/L PCE isoconcentration lines (Bedrock)

PCE 13 702 715

TCE 0.06 3.39 3.45

cis-1,2-DCE 0.1 0.2 0.3

VC - - -

Between 5 µg/L and 1,000 µg/L PCE isoconcentration lines (Overburden
and Bedrock)

PCE 11 146 157

TCE 0.77 2.16 2.93

cis-1,2-DCE 0.9 0.5 1.4

VC - - -

Total

PCE 105 1,796 1,901

TCE 1.99 6.79 8.78

cis-1,2-DCE 2.5 1.7 4.2

VC 0.00099 0.00014 0.0011

COC - Chemical of concern.
DCE - Dichloroethene.
PCE – Tetrachloroethene.
TCE - Trichloroethene.
VC - Vinyl chloride.

Note: The estimated mass is based on data collected as of 2011.
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3.0 SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

This section identifies, screens, and evaluates the potential technologies and process options that may be

applicable to the remedial alternatives for SRA. The primary objective of this phase of the FS is to

develop an appropriate range of remedial technologies and process options to be used for developing the

remedial alternatives.

The basis for technology identification and screening began in Section 2.0 with a series of discussions

that included the following:

 Identification of ARARs

 Development of RAOs and PRGs

 Identification of GRAs

 Development of estimated areas and volumes of contaminated groundwater

Technology screening evaluation is performed in this section with the completion of the following

analytical steps:

 Identification and screening of remedial technologies and process options

 Evaluation and selection of representative process options

A variety of technologies and process options are identified under each GRA (see Section 2.5.1) and

screened. The selection of technologies and process options for initial screening is based on the

Guidance for Conducting RI/FS’s under CERCLA (USEPA, 1988). The screening is first conducted at a

preliminary level to focus on relevant technologies and process options. Then the screening is conducted

at a more detailed level based on certain evaluation criteria. Finally, process options are selected to

represent the technologies that have passed the detailed evaluation and screening.

The evaluation criteria for detailed screening of the technologies and process options retained after the

preliminary screening are effectiveness, implementability, and cost. The following are descriptions of

these evaluation criteria:

Effectiveness

The effectiveness evaluation is focused on the following elements:
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 Potential effectiveness of process options in handling the estimated areas or volumes of media of

concern and in meeting the RAOs

 Potential impacts to human health and the environment during the construction and implementation

phases

 Reliability and proven effectiveness of the process with respect to the COCs and the site-specific

conditions.

Implementability

The implementability evaluation includes both the technical and institutional (administrative) feasibility of

implementing each technology or process option. This initial technology screening eliminates technology

types or process options that are clearly ineffective or unworkable at the site. The institutional aspects

considered include the following:

 Potential for obtaining regulatory approval

 Availability of necessary equipment and skilled workers to implement the technology

 Availability of treatment, storage, and disposal services

 Time required for implementation

 Ability to achieve the applicable remediation standards within a reasonable timeframe.

Cost

For this screening evaluation, a qualitative cost analysis is presented to indicate whether costs are

prohibitive or if other process options within the same technology type were comparably effective and

implementable but less costly. Preliminary cost estimates for the remedial technologies retained in the

screening step are presented in Section 4 as part of each of the remedial alternatives developed from the

technologies retained in this section.

3.1 PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS

OPTIONS

This section identifies and screens remediation technologies and process options for groundwater based

on implementation with respect to site-specific conditions and COCs. Table 3-1 summarizes the results

of this preliminary screening process. It presents the GRAs, identifies the technologies and process

options, and provides a brief description of each process option followed by comments about the results

of the screening process.
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As indicated in Table 3-1, containment, groundwater extraction/interception, ex-situ treatment, and

discharge/disposal GRAs are eliminated as a result of the screening process. The following are the

groundwater technologies and process options remaining for detailed screening.

General Response
Action

Technology Process Options

No Action None Not applicable

Limited Action

LUCs
Physical controls

Institutional controls

Monitoring Sampling and analysis

Natural Attenuation
Naturally occurring biodegradation and physical
processes

Phytoremediation
Use of plants to reduce hazardous organic and
inorganic compounds to nontoxic or less toxic
concentration levels

In-Situ Treatment

Biological
Enhancement of biodegradation of organics by addition
of nutrients and oxidizers

Chemical
Permeable reactive barriers

Chemical oxidation

Thermal Electrical resistance heating (ERH)

3.2 DETAILED SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS

OPTIONS

3.2.1 No Action

No Action consists of maintaining the status quo at the site. As required under CERCLA regulations, the

No Action alternative is carried through the FS to provide a baseline for comparison with other

alternatives and their effectiveness in mitigating risks posed by site contaminants.

Effectiveness

No Action would not be effective in meeting the RAOs. No Action would not be effective in evaluating

either potential contaminant reduction through natural attenuation or potential contaminant migration off

site because no monitoring would be performed.

Implementability

There would be no implementability concerns because no action would be implemented.
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Cost

Because hazardous substances, pollutants, or contaminants would be present on site in excess of levels

that allow for unlimited use and unrestricted exposure, statutory five-year reviews would be conducted.

Costs would be low.

Conclusion

No Action is retained because of NCP requirements, although it would not be effective.

3.2.2 Limited Action

3.2.2.1 Land Use Controls

LUCs would be designed to protect public health and the environment from residual contamination at

environmental sites. LUCs would consist of administrative or legal mechanisms (e.g., deed or zoning

restrictions, permits, etc.) designated as institutional controls and/or physical controls (e.g., fencing,

security guards, etc.) designated as engineering controls. Site-specific LUCs would typically be

formulated through a LUC RD that is prepared in accordance with the Navy’s LUCs Principles

(Department of Defense [DoD], 2003) following approval of the ROD. LUCs would typically also include

the performance of regular site inspections to verify continued implementation. Depending upon the site-

specific conditions, LUCs can be used alone or in conjunction with other remedial actions.

Effectiveness

Site use restrictions would be effective for minimizing human exposure to site COCs through the use of

access controls and/or implementation of deed restrictions. Permanent or interim deed or zoning

restrictions could be effectively used to control site use permanently if no other remedial measures were

undertaken or temporarily while remediation is ongoing. The effectiveness of these measures would be

dependent on adequate enforcement of administrative controls. Signage would be used to indicate that

LUCs may be implemented on the site. Physical restrictions such as fencing, physical barriers, and site

security would be applicable during implementation and construction activities. Short-term LUCs could be

effectively implemented during performance of the remedial action until cleanup goals are reached.

Implementability

Current site use is controlled by the Navy. There are no unacceptable risks to current site use scenarios,

however, since the Site may be redeveloped in the future, limitations on use (e.g., well installation,

building construction methods) of the Site would be readily implementable as part of the property transfer
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process and documentation. Short-term LUCs would be easily implemented until the remedial action is

complete.

Cost

Site use restrictions are generally inexpensive, although long-term administration, enforcement, and

maintenance are required if applied long-term.

Conclusion

LUCs are retained only for use in combination with other process options for the development of

groundwater remedial alternatives.

3.2.2.2 Monitoring

Sampling and analysis of groundwater, surface water and sediment would be used to evaluate migration

of COCs. Monitoring would also be used to evaluate the progress of active groundwater remediation.

Effectiveness

Monitoring would not of itself reduce the toxicity, mobility, or volume of COCs in groundwater, but it would

allow the evaluation of potential migration of these COCs and the expected reductions in their

concentrations through active remediation.

Implementability

A groundwater, surface water and sediment monitoring program could be readily implemented and is

routinely performed at other sites. Monitoring well installation would need to comply with state and local

regulations.

Cost

In general, monitoring costs are low; however, such costs can become high if an extensive monitoring

program is implemented over a long period of time.

Conclusion

Monitoring is retained only for use in combination with other process options for the development of

groundwater remedial alternatives.
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3.2.2.3 Natural Attenuation

Natural attenuation (NA) would consist of allowing naturally occurring processes such as biodegradation,

dispersion, dilution, and adsorption to reduce concentrations of groundwater COCs over time. To

evaluate natural attenuation, groundwater samples would be regularly collected and analyzed to establish

trends in COC concentrations. Installation of new monitoring wells may be required. Samples from new

and existing wells would be regularly collected and analyzed for natural attenuation parameters such as

oxidation-reduction potential (ORP), dissolved oxygen (DO), pH, alkalinity, temperature, conductivity, total

organic carbon (TOC), ferrous and total iron, sulfur compounds (sulfide and sulfate), nitrogen compounds

(nitrite and nitrate), orthophosphate, chloride, and metabolic gases (methane, ethane, ethene, and carbon

dioxide).

Effectiveness

Naturally occurring processes could reduce concentrations of PCE and other contaminants in

groundwater over the long term. Based on the results of samples collected during the RI (Tetra Tech,

2010), natural reductive dechlorination is occurring at the Site but only to a very limited degree.

Groundwater samples from the Site typically have high DO concentrations and high ORP values which

are not favorable to reductive dechlorination.

Groundwater monitoring would provide an effective means of evaluating the concentrations of COCs in

groundwater and of assessing the rate of decrease of these concentrations. Monitoring of indicator

parameters would help to evaluate the potential effectiveness of the reductive dechlorination process.

Implementability

Natural attenuation would be very easy to implement because it requires monitoring as the only action.

As noted earlier, the resources and materials required for monitoring are readily available.

Cost

In general, monitoring costs are low; however, such costs can become high if an extensive natural

attenuation monitoring program is implemented over a long period of time.

Conclusion

Natural attenuation is not retained for the development of groundwater remedial alternatives because it is

unlikely to be effective in reducing concentration of COCs before they reach the EMD.
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3.2.2.4 Phytoremediation

Phytoremediation involves the use of plants to reduce hazardous organic and inorganic compounds to

nontoxic or less toxic concentration levels. Phytoremediation is most applicable in large areas with low to

moderate contaminant levels. The remedial technology may be utilized to process COCs in groundwater

through several of the mechanisms discussed below:

Phytoextraction – root uptake or translocation of contaminants within plants. Plant harvesting is generally

required for contaminant removal. Demonstrated mechanism for cadmium, cobalt, chromium, mercury,

manganese, arsenic, and zinc COCs.

Phytostabilization – immobilization of a contaminant via root absorption, adsorption, accumulation, or

precipitation or the utilization of plants to prevent contaminant migration. Demonstrated mechanism for

arsenic, cadmium, chromium, arsenic, and zinc COCs.

Rhizodegradation – microbial breakdown of contaminants in groundwater within the root zone of plants.

Demonstrated mechanism for PAHs, pesticides, chlorinated solvents, and PCBs COCs.

Phytodegradation – metabolic breakdown of contaminants by plants or the external breakdown of

contaminants from compounds produced by plants. Demonstrated mechanism for organic compounds,

chlorinated solvents, phenols, and herbicides COCs.

Phytovolatilization – contaminant uptake and transpiration by a plant to the atmosphere. Demonstrated

mechanism for chlorinated solvents and several inorganic compounds (e.g., selenium, mercury, and

arsenic) COCs.

Phytoremediation may utilize various species of plants depending on the required mechanism and COCs.

A treatability study would be required in order to verify species selection and quantify removal efficiency

for specific COCs. If found applicable, native or introduced species may be planted into the areas of

groundwater contamination. If non-native plants are utilized, appropriate control techniques should be

used to verify that genetic contamination or invasive spread does not occur. If native species are

selected, the remediation potential of existing plants should be carefully assessed.

An array of the above mechanisms may be implemented for COC removal and containment.

Groundwater samples would be regularly collected and analyzed to evaluate the progress of remediation.
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Based on the observation of low concentrations in the shallow groundwater compared to higher

concentrations with depth, the existing trees and vegetation may be reducing contaminant levels near the

water table.

Effectiveness

The effectiveness of phytoremediation is documented in many cases for the in-situ removal or

containment of inorganic and organic compounds such as the COCs on-site. A combination of several

mechanisms may be utilized to incorporate the variety of COCs requiring remedial action. Treatability

testing would be required to evaluate the site-specific applicability of phytoremediation. Successful

application of phytoremediation could achieve RAOs and limit human and ecological risks. However,

plant toxicology and organisms within the herbivorous food chain should be heavily studied prior to

application to ensure implementation does not create adverse effects. In addition, phytoremediation may

have limited effectiveness at the Site since COC concentrations increase with depth.

Implementability

Phytoremediation would be difficult to implement at the SRA since the majority of the site is forested

wetland. The replacement of the existing native wetland plants and trees with species more effective for

phytoremediation would eliminate the forested wetlands within the treatment area.

Cost

The capital and O&M costs for phytoremediation would be low.

Conclusion

Phytoremediation is eliminated as a technology because of its limited effectiveness on the treatment of

deep groundwater and because implementation would result in a loss of the existing forested wetland.

3.2.3 In-Situ Treatment

The technologies considered under this GRA are enhanced bioremediation, chemical oxidation,

permeable reactive barriers (PRBs), and thermal treatment.

3.2.3.1 Enhanced Bioremediation

Enhanced bioremediation involves the use of microorganisms, primarily bacteria and fungi, to break down

contaminants into nontoxic or less toxic forms. In-situ enhanced bioremediation incorporates
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biostimulation and/or bioaugmentation. Aerobic and anaerobic bioremediation processes are evaluated

below.

Biostimulation is the most common type of in-situ enhanced bioremediation and can be used to stimulate

the growth of either anoxic/anaerobic or aerobic indigenous microorganisms depending on the type of

contaminant to be biodegraded. Anoxic/anaerobic biostimulation uses an electron donor compound such

as lactic acid or emulsified oil substrate (EOS), and aerobic biostimulation uses either oxygen or an

oxygen-release compound (ORC) such as magnesium peroxide.

Bioaugmentation is less common and is typically used in addition to biostimulation. Bioaugmentation

consists of using a bacterial culture to increase the naturally-occurring microorganism population and to

provide organisms specifically targeted to the degradation of COCs.

The enhanced bioremediation reagent (electron donor compound, oxygen, ORC, and/or bacterial culture)

can be injected into contaminated groundwater using multiple temporary direct-push technology (DPT)

injection points and/or permanent injection wells. DPT injection would be simple to implement and could

be applied selectively in small locations or across large surface areas. Enhanced bioremediation can

also be used as a barrier technology by positioning one or more lines of injection points (biotreatment

barriers) in the projected path of a contaminant plume. Alternatively, biotreatment barriers can be

constructed from mulch and other organic material and installed as a permeable reactive barrier (see

Section 3.2.4.4 below).

Effectiveness

Enhanced anaerobic bioremediation would be an effective process option primarily for PCE and other

chlorinated solvents. ORC application would not be effective for the treatment of the chlorinated VOCs in

groundwater. However, although increasingly documented, the effectiveness of these technologies,

particularly in cases of very high contaminant concentrations, typically needs to be demonstrated through

site-specific treatability testing.

Implementability

The shallow depth to groundwater (1 to 2 feet) limits the ability to inject electron donors into the

overburden groundwater. Mounding and the limited interval to seal monitoring wells may cause reagent

and/or contaminated groundwater to breakthrough to the surface during injection. Therefore, injection of

an electron donor substrate into the overburden must be conducted at a low flow rate. Injection into the

shallow bedrock may be more successful, but distribution of the electron donor is uncertain. Injection into

overburden and bedrock via injection wells can be readily implemented and can provide accurate reagent
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delivery into target areas. Field pilot testing would be required to test the effectiveness and feasibility of

injection.

Cost

The capital and operation and maintenance (O&M) costs for enhanced in-situ bioremediation by injection

into overburden and bedrock would be moderate.

Conclusion

Enhanced in-situ bioremediation via anaerobic bioremediation is retained in the development of

groundwater remedial alternatives for treatment of the source areas. Injection of a substrate into

overburden is likely to be effective, but there is more uncertainty for injection into the bedrock. Pilot

testing will be required in order to demonstrate feasibility.

3.2.3.2 Chemical Oxidation

In-situ chemical oxidation involves the injection of chemical agents into the contaminant plume. These

chemical agents promote the generation of highly reactive hydroxyl radicals that react with the COCs and

result in the oxidative cleavage of the carbon-to-carbon bond, yielding water, carbon dioxide, oxygen, and

dilute hydrochloric acid as by-products.

Traditionally, the chemical agents used for this purpose have included powerful oxidants such as iron-

catalyzed hydrogen peroxide (known as Fenton's Reagent), sodium persulfate, potassium permanganate,

or ozone. More recently, milder oxidants such as catalytically complexed sodium percarbonate (marketed

as Regenesis RegenOx™) have also been successfully used.

Similar to in-situ biological treatment additives, in-situ chemical oxidation reagents are generally injected

in contaminant plumes using either multiple DPT or permanent injection locations. However, as noted in

Section 3.2.4.1, injection into the overburden must be conducted at a low flow rate. Oxidizers can also be

applied to the overburden groundwater by soil mixing methods.

Effectiveness

In-situ chemical oxidation with strong oxidants such as Fenton's Reagent is a well-established technology

that could be effective for the destruction of COCs. Pilot-scale treatability testing would be highly

desirable to confirm effectiveness and to determine injection system design criteria.
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The effectiveness of in-situ chemical oxidation can also be impacted by heterogeneous subsurface

conditions that could result in uneven distribution of the injected chemical agents and incomplete contact

of these agents with the groundwater COCs. Due to the stratigraphic variations associated with the site

overburden, a pilot study would be required within the deep and shallow groundwater zones to evaluate

oxidant distribution and injection conditions.

Implementability

The shallow depth to groundwater (1 to 2 feet) limits the ability to inject oxidizers into the overburden

groundwater. Mounding and the limited interval to seal monitoring wells will cause reagent and/or

contaminated groundwater to breakthrough to the surface during injection. Therefore, injection of an

oxidizer into the overburden must be conducted at a low flow rate, and as noted, soil mixing technology

could also be used. Although injection into the shallow bedrock is expected to be more successful, the

uncertainty of the distribution of the oxidizer limits the effectiveness. Oxidizers are typically short-lived

and are likely to react with other constituents in the groundwater and soil matrix before reacting with

contaminants.

In-situ chemical oxidation with a strong oxidant using soil mixing is feasible, but may cause some

negative impacts to the site such as significant disturbance to the wetlands. The number of qualified

contractors specializing in the application of this technology is relatively limited.

The chemical reactions that result from the application of strong oxidizing agents may generate heat and

high pressures that can alter subsurface characteristics and even result in hazardous conditions. Air

quality monitoring of the remediation area would be required while strong oxidizing agents are utilized.

Cost

Capital and O&M costs for in-situ chemical oxidation with a strong oxidant using soil mixing methods

would be high.

Conclusion

Chemical oxidation (both by soil mixing and injection) are not retained for development of alternatives.

Soil mixing is not retained because of significant site impacts and high cost, while injection is not retained

because injection flow rates are relatively difficult under the site conditions and application to the bedrock

is uncertain.
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3.2.3.3 Permeable Reactive Barriers

PRBs involve emplacement of reactive materials in the subsurface to intercept a contaminant plume,

provide a flow path through the reactive media, and transform the contaminant(s) into environmentally

acceptable forms to attain PRGs downgradient of the barrier.

PRBs have been used to treat a wide range of groundwater contaminants, including chlorinated and non-

chlorinated VOCs. Iron metal [zero-valent iron (ZVI)] is the most common reactive media used in PRBs

for the treatment of CVOCs such as PCE. Organic material, such as wood mulch can also be used to

create a biological PRB. A ZVI PRB aids in the dechlorination of the CVOCs; a mulch PRB provides an

organic source for microorganisms which stimulates anaerobic degradation of the CVOCs.

PRBs are generally built in two basic configurations: funnel-and-gate and continuous. The funnel-and-

gate PRB uses impermeable walls (sheet pilings, slurry walls, etc.) as a ”funnel” to direct the contaminant

plume into a “gate” containing the reactive media, whereas the continuous PRB completely intercepts the

plume flow path with reactive media. Because PRBs are not designed to contain groundwater movement

but to intercept groundwater contaminants, the permeability of the reactive media must be at least equal

or greater than the permeability of the surrounding aquifer to avoid diversion of the groundwater flow

path. This is particularly necessary with the funnel-and-gate design where the cross section of the

permeable zones is restricted. Because the emplacement of reactive material generally requires

excavation, both types of PRBs have typically been limited to relatively shallow depths of approximately

50 feet bgs. However, the use of alternate technologies, such as slurry injection and hydrofracturing, may

help to overcome some of these emplacement limitations.

Placement of PRBs must consider both groundwater and contaminant velocity and lifespan of the reactive

material in the PRB. For this site, PRBs located in the upland portion of the site and/or at the leading

edge of the plume would be effective in treating the plume and preventing contaminants from further

migration. Mulch barriers have shorter effective time spans and must be regenerated periodically by the

addition of electron donor substrate.

Effectiveness

The use of ZVI and mulch PRBs would be effective for the in-situ treatment of PCE and other organic

compounds at SRA. It is expected that the concentrations of PCE would be reduced to the vapor

intrusion and surface water PRGs.
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Implementability

PRBs would be easy to install to a depth of up to 30 feet bgs because this could be accomplished with

single pass trench excavators. The number of competent contractors available to implement these

specialized techniques would be relatively limited.

This method cannot readily be applied to bedrock. A PRB would treat contaminants in the surficial

aquifer, but another method would be required to address contaminated groundwater in bedrock.

There are no structures, utilities, or routine operations at the SRA site that would interfere with the

installation of a PRB.

Once installed, the O&M requirements of PRBs would be minimal and would be essentially limited to the

monitoring of groundwater quality to verify performance and routine inspections to verify continued

integrity of the structure. Due to the shorter lifespans of mulch barriers, replenishment by injection of an

electron donor substrate will be needed periodically (e.g., every 5 years). However, for ZVI PRBs, the

need for replacement of the ZVI material in 15 to 20 years is likely because of the potential for reactivity

loss and mineral fouling.

Cost

Capital cost of installation of PRBs, as required at SRA, would be moderate to high. The cost for ZVI is

significantly higher than the cost for mulch. O&M costs would be very low.

Conclusion

Mulch PRBs are retained in combination with other process options for the development of groundwater

remedial alternatives. ZVI PRBs are not retained because of the need for replacement in 15 to 20 years

and the related capital cost and site impacts during installation.

3.2.3.4 In-Situ Electrical Resistance Heating

In-situ ERH involves passing alternating current between electrodes in the ground, resulting in heating of

the material through which the current passes. This technology can be employed using either three-

phase or six-phase current. With the six-phase heating, six electrodes are placed in a circular array, with

each connected to a single-phase transformer. With each electrode at a different voltage phase, each

conducts electrical current to other electrodes in the array and provides more uniform heating than with

three-phase heating. Typical electrodes consist of steel-cased vertical pipes with iron filings and graphite

in the annular space. The heating boils the aquifer, resulting in a combination of volatilization and steam
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stripping of contaminants that can then be removed using the electrodes as vapor extraction (VE) points.

As required and similar to air sparging (AS)/VE systems, extracted vapors may be treated with GAC

adsorption or other appropriate technologies prior to venting to the atmosphere. If GAC adsorption is

selected for vapor treatment, these vapors would first need to be dehumidified to maintain the

effectiveness of the GAC adsorption.

Effectiveness

In-situ ERH could be an effective technology to remove PCE from the chlorinated VOC plume in the

overburden. Because thermal conductivity is not very sensitive to variations in soil characteristics, the

effectiveness of ERH is typically less affected than other in-situ treatment technologies by the presence of

heterogeneous subsurface conditions such as is the case at SRA. However, similar to in-situ oxidation

with strong chemical oxidants, ERH has proven most effective for the treatment highly contaminated

groundwater or soil. This means that the application of ERH should be limited to the PCE hot spots.

Although the successful use of both six- and three-phase current has been fairly well documented for the

removal of PCE, treatability testing, preferably of the pilot-scale type, would still be highly desirable to

confirm effectiveness and to determine ERH system design criteria.

Implementability

In-situ ERH could be implemented at SRA. The services of a limited number of qualified contractors

specializing in the application of this technology would be available. Because of the depth of the

chlorinated VOC plume, the installation of heating electrodes and vapor recovery wells would be fairly

difficult and costly. In addition, a significant effort would be required to operate and maintain the ERH

systems, and a large amount of electrical energy would have to be expended to bring the subsurface up

to operating temperatures needed to volatilize the COCs. As previously noted, a pilot-scale treatability

test would most likely have to be performed to confirm effectiveness and to establish the design criteria of

the ERH system. High voltage is required for this technology, and the nearest tie-in for high voltage is

approximately 0.5 mile away. Finally, this technology could not be applied to the deep bedrock

contamination.

Cost

Capital and O&M costs for in-situ ERH would be high.

Conclusion

ERH is not retained for development of alternatives based on its implementability issues and high cost.
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3.3 SELECTION OF REPRESENTATIVE TECHNOLOGIES AND PROCESS OPTIONS FOR

GROUNDWATER

The following technologies and process options, under the GRAs as noted, were retained for the

development of groundwater remedial alternatives:

 No Action

 Limited Action: LUCs, and Monitoring

 In-Situ Treatment: Enhanced Bioremediation, and Mulch PRB

The next step was to select representative process options from each technology to assemble an

adequate variety of alternatives and evaluate the alternatives in sufficient detail to aid in the final selection

process. The alternatives are presented in Section 4.
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General
Response

Action
Technology Process Options Description Screening Comment

No Action None Not Applicable No activities conducted at site to remedy
or monitor contamination.

Retain. No action is retained as a baseline
for comparison with other technologies.

Limited Action Monitoring Sampling and
Analysis

Periodic sampling and analysis of
groundwater to track changes in the
extent of contamination.

Retain. This technology could assess natural
attenuation and/or migration of contaminants
and evaluate progress of active remediation.

Land Use Controls
(LUCs)

Active Controls:
Physical Barriers/
Security Guards

Fencing, markers, and warning signs to
restrict site access.

Retain in part. Restricted access would not
reduce risk of exposure to groundwater.
Physical barriers would affect site reuse.

Passive Controls:
Deed and Land
Use Restrictions

Administrative action using LUCs to
restrict future site use and to prohibit use
of groundwater as a source of drinking
water.

Retain. Groundwater is currently not used as
a drinking water source and is not classified
as a potential source. This process option
will limit all future uses of groundwater and
thus limit human exposure to groundwater.

Natural
Attenuation

Naturally
Occurring
Biodegradation
and Physical
Processes

Monitoring groundwater to assess the
reduction in concentrations of chemicals
of concern (COCs) through natural
processes, such as biological activity,
dilution, dispersion, and sorption.

Retain. This technology may decrease
concentrations of PCE and other VOCs over
time.

Phytoremediation Use of Plants A set of processes that uses plants to
remove, transfer, stabilize and destroy
organic/inorganic contamination in
groundwater, surface water, and
leachate. Applicable to shallow
contamination.

Retain. This technology may decrease
concentrations of PCE and other VOCs over
time.
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General
Response

Action
Technology Process Options Description Screening Comment

Containment Vertical Barriers Slurry Wall Low-permeability wall formed in a
perimeter trench to restrict horizontal
migration of groundwater.

Eliminate. There are no downgradient
receptors so containment is not needed.
This technology would not restore
groundwater quality. Difficult to apply to
fractured bedrock.

Sheet Piling Metal sheet piling driven into the ground
to restrict horizontal migration of
groundwater.

Eliminate. There are no downgradient
receptors so containment is not needed.
This technology would not restore
groundwater quality. Difficult to apply to
bedrock.

Grout Curtain Pressure injection of grout to form a low-
permeability perimeter wall to restrict
horizontal migration of groundwater.

Eliminate. There are no downgradient
receptors so containment is not needed.
This technology would not restore
groundwater quality.

Hydraulic Barrier Use of extraction wells and/or collection
trenches to restrict horizontal migration
of groundwater.

Eliminate. There are no downgradient
receptors so containment is not needed.
This technology may eventually restore
groundwater quality. Long-term
groundwater treatment would be needed.

Horizontal Barriers Physical Barrier Injection of bottom-sealing slurry
beneath source to minimize vertical
migration of groundwater.

Eliminate. Not applicable. Contaminants
extend through surficial groundwater to
fractured bedrock below.

Removal Groundwater
Extraction

Extraction Wells Series of conventional pumping wells
used to remove contaminated
groundwater.

Eliminate. Limited effectiveness if DNAPL is
present. Long-term operation of treatment
system would be required.
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General
Response

Action
Technology Process Options Description Screening Comment

Removal
(continued)

Collection Trench A permeable trench used to intercept
and collect groundwater.

Eliminate. This technology may reduce
groundwater contaminant levels, but could
reach asymptotic level greater than target
treatment levels. A trench would not be
effective in capturing the bedrock plume.
Limited effectiveness for DNAPL.

Excavation Excavation Saturated soil/groundwater is dewatered
and excavated for off-site disposal.

Retain. Source area could be addressed by
limited excavation of saturated soil.

In-Situ Treatment Biological Anaerobic/
Aerobic

Enhancement of biodegradation of
organics in an anaerobic (oxygen-
deficient) or aerobic (oxygen-rich)
environment by injection of electron-
donor compounds or oxygen source.
Microorganism cultures may need to be
added.

Retain. Anaerobic reductive dechlorination is
effective at removing PCE and other
chlorinated VOCs. Shallow water table limits
injection rate when applied in overburden.

Physical/
Biological

Air Sparging (AS)
or AS/Soil Vapor
Extraction (SVE)

Volatilization and enhancement of
biodegradation of organic compounds by
supply of air with or without capture and
treatment of volatilized compounds.

Eliminate. The heterogeneous subsurface
would make effective implementation of this
method difficult. Not effective in bedrock.

Dynamic
Underground
Stripping

Steam injection at the periphery of the
contaminated area resulting in the
vaporization of volatile compounds
bound to soil and the movement of
contaminants to a centrally located
extraction well.

Eliminate. The heterogeneous subsurface
would make effective implementation of this
method difficult. Not effective in bedrock.
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General
Response

Action
Technology Process Options Description Screening Comment

In-Situ Treatment
(continued)

Chemical Chemical
Oxidation

Chemical destruction of organic COCs
through oxidation with hydrogen
peroxide and ferrous iron (Fenton’s
Reagent), catalyzed percarbonate
(RegenOx™), or potassium
permanganate.

Retain. This technology could remove the
chlorinated VOCs, although the subsurface
heterogeneity would affect the distribution of
the chemical. A pilot study is typically
needed. Shallow water table limits injection
rate when applied in overburden. Difficult to
apply to bedrock.

Permeable
Reactive Barriers
(PRBs)

Use of a permeable barrier with zero-
valent iron (ZVI) or mulch, which allows
the passage of groundwater and reacts
with the contaminants.

Retain. Depth of contaminated groundwater
is suited to this process. Not applicable in
bedrock.

Thermal Electrical
Resistance
Heating

Volatilization of organic COCs through
groundwater and soil heating with
electrical electrodes in combination with
vacuum extraction of volatilized material.

Retain. This technology could remove the
chlorinated VOC. A pilot study is typically
needed. Not effective for deep bedrock.

Ex-Situ
Treatment

Biological Aerobic/
Anaerobic

Natural degradation of organic COCs via
microorganisms in an aerobic (oxygen-
rich) or anaerobic (oxygen-deficient)
environment.

Eliminate. Biological treatment would not be
cost-efficient. Not applicable since
groundwater will not be extracted.

Physical Filtration Separation of suspended solids from
water via entrapment in a bed of
granular media or membrane.

Eliminate. Not effective for VOC removal.
Not applicable since groundwater will not be
extracted.
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General
Response

Action
Technology Process Options Description Screening Comment

Ex-Situ
Treatment
(Continued)

Air Stripping Contact of water with an air stream to
remove VOCs.

Eliminate. Not applicable since groundwater
will not be extracted.

Granular
Activated Carbon
(GAC) Adsorption

Separation of dissolved contaminants
from water or air streams via adsorption
onto GAC.

Eliminate. Not applicable since groundwater
will not be extracted.

Solvent Extraction Separation of contaminants from a
solution by contact with an immiscible
liquid with a higher affinity for the COCs.

Eliminate. Not proven to be cost-effective for
VOC removal. Not applicable since
groundwater will not be extracted.

Sedimentation Separation of solids from water via
gravity settling.

Eliminate. Not applicable since groundwater
will not be extracted.

Chemical Coagulation/
Flocculation

Use of chemicals to neutralize surface
charges and promote attraction of
colloidal particles to facilitate settling.

Eliminate. Not applicable since groundwater
will not be extracted.

Neutralization/pH
Adjustment

Use of acid or base to counteract high or
low pH conditions.

Eliminate. Not applicable since groundwater
will not be extracted.

Chemical
Precipitation

Use of reagents to convert soluble
compounds into insoluble compounds.

Eliminate. This process is not used for VOC
removal. Not applicable since groundwater
will not be extracted.
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General
Response

Action
Technology Process Options Description Screening Comment

Ex-Situ
Treatment
(Continued)

Chemical
(Continued)

Ion Exchange Removal of dissolved ions through
exchange with similarly charged ions
held on the active sites of a synthetic
resin that is contacted with the liquid to
be treated.

Eliminate. This process is not used for VOC
removal. Not applicable since groundwater
will not be extracted.

Enhanced
Oxidation

Use of oxidizers such as ozone,
hydrogen peroxide, or potassium
permanganate to break down certain
organic compounds.

Eliminate. Treatment costs are much higher
compared to typical treatment methods for
VOCs, such as air stripping. Not applicable
since groundwater will not be extracted.

Discharge/
Disposal

Surface Discharge Direct Discharge Discharge of treated water to surface
water.

Eliminate. Not applicable since groundwater
will not be extracted.

Indirect Discharge Discharge of collected/treated water to
local sewage treatment plant.

Eliminate. Not applicable since groundwater
will not be extracted.

Off-Site
Treatment Facility

Treatment and disposal of water at an
off-site treatment works.

Eliminate. Not applicable since groundwater
will not be extracted.

Subsurface
Discharge

Reinjection Use of injection wells, spray irrigation, or
infiltration to discharge of treated
groundwater underground.

Eliminate. Not applicable since groundwater
will not be extracted.

PRB = Permeable reactive barrier. SVE = Soil vapor extraction.
COC = Chemical of concern. ZVI = Zero-valent iron.
VOC = Volatile organic compound.
LUC = Land use control.
PCE = Tetrachloroethene.
AS = Air sparging.
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4.0 ASSEMBLY AND DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

This section presents an evaluation of each remedial alternative with respect to the criteria of the NCP

(40 CFR Part 300). These criteria and their relative importance are described in the following

subsections.

4.1 DEVELOPMENT OF REMEDIAL ALTERNATIVES FOR GROUNDWATER

As outlined in Sections 2.3 and 2.5, RAOs and GRAs for the Site were developed to mitigate

unacceptable risks to human health and ecological receptors associated with concentrations of PCE,

TCE, cis-1,2-DCE, VC, PCP, 3,3’-dichlorobenzidine, arsenic, and barium in groundwater. This section

presents the development and detailed analysis of the remedial alternatives for groundwater to achieve

the Site RAOs. Each alternative was developed from the technologies that were retained from the

screening process presented in Section 3. The alternatives cover a wide variety of treatment

technologies in order to provide a range of remedial alternatives for consideration. From the technologies

retained from the preliminary screening summarized in Table 3-1, the following potential remedial

alternatives were developed to mitigate the concentrations of COCs exceeding PRGs in groundwater at

the Site:

 Alternative G-1: No Action

 Alternative G-2: Monitoring, Engineering Controls, and LUCs

 Alternative G-3: One Overburden PRB, Monitoring, Engineering Controls, and LUCs

 Alternative G-4: Two Overburden PRBs, Monitoring, Engineering Controls, and LUCs

 Alternative G-5: Overburden and Bedrock Source Zones Enhanced Bioremediation, One Overburden

PRB, Monitoring, Engineering Controls, and LUCs

 Alternative G-5A: Overburden and Bedrock Source Zones Enhanced Bioremediation, Two

Overburden PRBs, Monitoring, Engineering Controls, and LUCs

4.1.1 Evaluation Criteria

In accordance with the NCP (40 CFR Part 300.430), the following nine criteria are used for the evaluation

of remedial alternatives:
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 Overall Protection of Human Health and the Environment

 Compliance with ARARs

 Long-Term Effectiveness and Permanence

 Reduction of Toxicity, Mobility, or Volume through Treatment

 Short-Term Effectiveness

 Implementability

 Cost

 State Acceptance

 Community Acceptance

The last two evaluation criteria, State Acceptance and Community Acceptance, are not formally

addressed until the ROD is prepared. Each of the remaining seven criteria are discussed below.

4.1.1.1 Overall Protection of Human Health and the Environment

Alternatives must be assessed for adequate protection of human health and the environment, in both the

short and long term, from unacceptable risks posed by hazardous substances or contaminants present at

the site by eliminating, reducing, or controlling exposure to levels exceeding PRGs. Overall protection

draws on the assessments of the other evaluation criteria, especially long-term effectiveness and

permanence, short-term effectiveness, and compliance with ARARs.

4.1.1.2 Compliance with ARARs

Alternatives must be assessed to determine whether they attain ARARs under federal environmental laws

and state environmental or facility siting laws. CERCLA Section 121(d), specifies in part, that remedial

actions for cleanup of hazardous substances must comply with requirements and standards under federal

or more stringent state environmental laws and regulations that are applicable or relevant and appropriate

(i.e., ARARs) to the hazardous substances or particular circumstances at a site or a waiver must be

obtained [see also 40 CFR 300.430(f)(1)(ii)(B)]. ARARs include only federal and state environmental or

facility siting laws/regulations and do not include occupational safety or worker protection requirements.

In addition, per 40 CFR 300.405(g)(3), other advisories, criteria, or guidance may be considered in

determining remedies (TBC guidance category).
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4.1.1.3 Long-Term Effectiveness and Permanence

Alternatives must be assessed for the long-term effectiveness and permanence they offer, along with the

degree of certainty that the alternative would prove successful. Factors to be considered, as appropriate,

include the following:

 Magnitude of Residual Risk - Risk posed by untreated waste or treatment residuals at the conclusion

of remedial activities. The characteristics of residuals should be considered to the degree that they

remain hazardous, taking into account their volume, toxicity, mobility, and propensity to

bioaccumulate.

 Adequacy and Reliability of Controls - Controls such as containment systems and LUCs that are

necessary to manage treatment residuals and untreated waste must be shown to be reliable.

Examples include: the uncertainties associated with land disposal for providing long-term protection

from residuals; assessment of the potential need to replace technical components of the alternative

such as a cap, a slurry wall, or a treatment system; and potential exposure pathways and risks posed

if the remedial action needs replacement.

4.1.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The degree to which the alternative employs recycling or treatment that reduces the toxicity, mobility, or

volume is to be assessed, including how treatment is used to address the principal threats posed by the

site. Factors to be considered, as appropriate, include the following:

 The treatment or recycling processes the alternative employs and the materials that these processes

will treat.

 The amount of hazardous substances, pollutants, or contaminants that will be destroyed, treated, or

recycled.

 The degree of expected reduction in toxicity, mobility, or volume of waste due to treatment or

recycling and the amount of reduction(s) that is occurring.

 The degree to which the treatment is irreversible.

 The type and quantity of residuals that will remain following treatment considering the persistence,

toxicity, mobility, and propensity to bioaccumulate of such hazardous substances and their

constituents.
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 The degree to which treatment reduces the inherent hazards posed by the principal threats at the

site.

4.1.1.5 Short-Term Effectiveness

The short-term impacts of the alternatives are to be assessed considering the following:

 Short-term risks that might be posed to the community during implementation.

 Potential impacts on workers during the remedial action and the effectiveness and reliability of

protective measures.

 Potential environmental impacts of the remedial action and the effectiveness and reliability of

mitigative measures during implementation.

 Time until protection is achieved.

Although not a CERCLA-criterion, the sustainability of each alternative is evaluated per Navy policy.

Sustainability factors are similar to those evaluated as part of the Short-Term Effectiveness criterion, so

they are discussed in this section. Sustainability evaluations provide insight into elements of a remedy

that have the greatest impact on the environmental footprint. For example, the amount of greenhouse

gas (GHG) emissions related to materials production generally exceeds that from installation,

transportation, or operations. Other factors that are considered include emissions of criteria air pollutants,

water usage, and energy consumption. Sensitivity analysis of such factors can help provide an optimal

design that minimizes the overall environmental footprint of the remedial action. Sustainability

evaluations were performed for each remedial alternative and are provided in Appendix E.

4.1.1.6 Implementability

The ease or difficulty of implementing the alternatives is to be assessed by considering the following

types of factors, as appropriate:

 Technical feasibility, including technical difficulties and unknowns associated with the construction

and operation of a technology, reliability of the technology, ease of undertaking additional remedial

actions, and ability to monitor the effectiveness of the remedy.
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 Administrative feasibility, including activities needed to coordinate with other offices and agencies,

and the ability and time required to obtain any necessary approvals and permits from other agencies

(for off-site actions).

 Availability of services and materials, including the availability of adequate off-site treatment capacity,

storage capacity, and disposal capacity and services; availability of necessary equipment and

specialists and provisions to ensure necessary additional resources; availability of services and

materials; and availability of prospective technologies.

4.1.1.7 Cost

Capital costs, including both direct and indirect costs, and annual O&M costs are provided. A net present

value of the capital and O&M costs is also provided. Typically, the cost estimate accuracy range is plus

50 percent to minus 30 percent.

4.1.2 Relative Importance of Criteria

Among the nine criteria, the threshold criteria are considered to be:

 Overall Protection of Human Health and the Environment

 Compliance with ARARs (excluding those that may be waived)

The threshold criteria must be satisfied for an alternative to be eligible for selection.

Among the remaining criteria, the following five criteria are considered to be the primary balancing

criteria:

 Long-Term Effectiveness and Permanence

 Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment

 Short-Term Effectiveness

 Implementability

 Cost

The balancing criteria are used to weigh the relative merits of the alternatives.

The remaining two of the nine criteria: State Acceptance and Community Acceptance, are considered to

be modifying criteria that must be considered during remedy selection. The state’s concerns that must be

assessed include the state’s position and key concerns related to the preferred alternative and other
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alternatives and state comments on ARARs or the proposed use of waivers, The assessment of

community acceptance consists of responses of the community to the Proposed Plan and includes

determining which components of the alternatives interested persons in the community support, have

reservations about, or oppose. These last two criteria can be evaluated after the FS has been reviewed

by the Commonwealth of Massachusetts and the Proposed Plan has been discussed at a public meeting.

Therefore, this document addresses only seven of the nine criteria.

4.1.3 Selection of Remedy

The selection of a remedy is a two-step process. The first step consists of identification of a preferred

alternative and presentation of the alternative in a Proposed Plan to the community for review and

comment. The preferred alternative must meet the following criteria:

 Protection of human health and the environment.

 Compliance with ARARs unless a waiver is justified.

 Cost effectiveness in protecting human health and environment and in complying with ARARs.

 Utilization of permanent solutions and alternate treatment technologies or resource recovery

technologies to the maximum extent practicable.

The second step consists of the review of the public comments and determination of whether or not the

preferred alternative continues to be the most appropriate remedial action for the site, in consultation with

the Commonwealth of Massachusetts.

4.2 ASSEMBLY AND DETAILED ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES

The detailed descriptions and evaluation of the six remedial alternatives developed for site groundwater

and surface water are presented in Sections 4.2.1 through 4.2.6.

Alternative G-1 was developed and analyzed to serve as a baseline for comparison to other alternatives,

as required by CERCLA and the NCP. Alternative G-2 was developed to monitor the migration and

attenuation of the COCs over time and provide engineering controls and LUCs to prevent exposure to

COCs in groundwater and surface water. Alternatives G-3 and G-4 were developed and analyzed to

evaluate capture and treatment of the PCE plume at its leading edge upgradient of the EMD. Alternatives

G-5 and G-5A were developed and analyzed to evaluate active remediation of the areas with the most

contaminated groundwater in overburden and bedrock in addition to plume capture and treatment

included in Alternatives G-3 and G-4. Treatment of the PCE plume at its leading edge in Alternatives G-3

through G-5A would continue for a long time as contaminated groundwater slowly flows through the

treatment zones and discharges to surface water in the EMD. The treatment of groundwater with high
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PCE concentrations in overburden and bedrock source areas in Alternatives G-5 and G-5A would be

completed in approximately 1 to 5 years. A description and detailed analysis of these alternatives are

presented in the following sections.

The areas near the EMD and at the upland edge were selected for capture and passive treatment of the

PCE plume in overburden using mulch PRBs. The 10,000 µg/L PCE concentration contour in the

overburden and the area adjacent to MW10-405D1/D2 with approximately 8,000 µg/L PCE in bedrock

were selected as the areas for active treatment using enhanced bioremediation. Based on the solubility

of PCE, these areas are most likely to include potential sources of the PCE such as residual DNAPL and

diffusion source in rock matrix. The approach to groundwater remediation was to reduce the mass in the

source areas by active treatment and prevent plume migration by capture and passive treatment of the

plume at its leading edge.

The degradation of CVOCs could impact the groundwater geochemistry and result in mobilization of

metals, such as arsenic, iron, and manganese, from reductive dissolution of minerals in soil. However, it

is expected that these metals will be attenuated through naturally-occurring processes when the CVOCs

are depleted and the geochemistry returns to the relatively toxic conditions in the subsurface that favor

the adsorption and/or precipitation of metals. The alternatives discussed below include a monitoring

component to evaluate changes in geochemistry during the naturally-occurring processes

(Alternative G-2) or during and after the treatment phase (G-3 through G-5A) of the selected remedy so

that any potential migration or attenuation of metal contaminants will be monitored.

4.2.1 Alternative G-1: No Action

4.2.1.1 Description

The No Action alternative maintains the site as is. This alternative does not address the groundwater

contamination and is retained to provide a baseline for comparison to other alternatives. There would be

no reduction in toxicity, mobility, or volume of the contaminants other than what would result from natural

dispersion, dilution, and other attenuating factors.

4.2.1.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Alternative G-1 would not provide protection of human health and the environment. There could be

unacceptable risks to human health from exposure to contaminated groundwater. Groundwater

contamination might migrate off site and have an immediate negative impact on the surface water in the
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ditches. Because no monitoring would be performed, potential migration of contaminants would not be

detected.

Compliance with ARARs and TBCs

Alternative G-1 would not comply with chemical-specific ARARs or TBCs listed in Table 4-1 because no

action would be taken to reduce contaminant concentrations. Chemical-specific ARARs may be

eventually met by natural processes, but there would be no monitoring to verify the changes. Compliance

with location-specific ARARs or TBCs would be purely incidental. Action-specific ARARs or TBCs are not

applicable.

Long-Term Effectiveness and Permanence

Alternative G-1 would have little long-term effectiveness and permanence because: contaminated

groundwater would remain on site; there would be no LUCs to restrict construction methods to mitigate

vapor intrusion; and there would be no groundwater monitoring and no means to detect potential off-site

migration of COCs. Although COC concentrations might eventually decrease through natural processes,

no monitoring would verify this.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative G-1 would not reduce toxicity, mobility, or volume of groundwater COCs through treatment

because no treatment would occur.

Short-Term Effectiveness

Because no action would occur, implementation of Alternative G-1 would not have any short-term

adverse impact from cleanup activities to the local community or the environment. Alternative G-1 might

achieve the RAOs. Although the PRGs might eventually be achieved through natural processes, this

would not be verified through monitoring. There are no sustainability impacts to consider because no

actions would be implemented. Sustainability evaluations are required by Navy policy and are not part of

the CERCLA evaluation criteria.

Implementability

Because no action would occur, Alternative G-1 would be readily implementable. The technical feasibility

criteria, including constructability, operability, and reliability, are not applicable. Implementability of

additional administrative measures is not applicable because no such measures would be taken.
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Cost

The only cost associated with the No Action alternative is the required 5-year reviews.

Capital Cost: $ 11,000

30-Year NPW of Annual Costs: $ 109,000

30-Year NPW: $ 120,000

A detailed breakdown of estimated costs for this alternative is provided in Appendix G.

4.2.2 Alternative G-2: Monitoring, Engineering Controls, and LUCs

4.2.2.1 Description

Alternative G-2 would consist of three major components: (1) monitoring, (2) engineering controls, and

(3) LUCs.

Component 1: Monitoring

Monitoring would consist of groundwater monitoring, surface water monitoring, and sediment monitoring.

Monitoring wells will be located to monitor groundwater both north and south of the EMD. The final long

term monitoring (LTM) well locations and surface water and sediment locations in the EMD will be

determined during the RD phase for the selected remedy.

Long-term groundwater monitoring wells would be selected to monitor: (1) groundwater immediately north

of the EMD (to verify that the overburden source and impacted groundwater remain contained at levels

protective of EMD); (2) groundwater south of the EMD (to verify that the nature and boundaries of any

LUCs (see Component 3) are still appropriate); and (3) groundwater at the eastern edge of the plume

(e.g., MW-304) (to verify that the impacted groundwater is not migrating to the east).

It is assumed for costing purposes that groundwater samples would be collected from 20 new and

existing monitoring wells and analyzed for PCE, TCE, cis,1-2,DCE, VC, arsenic, iron, and manganese. In

addition, one well (MW10-412D2) would be sampled for analysis of PCP, one well (MW10-402) for

3,3’-dichlorobenzidine, and one well (MW-303) for barium. Specific wells would be identified in a long-

term monitoring plan. Sampling frequency would be quarterly for the first year, semi-annually for years 2

and 3, and annually for the remaining years.

Surface water monitoring to confirm that surface water PRGs are being met would include collection of

four surface water samples from the EMD and analysis for PCE, TCE, cis,1-2,DCE, VC, arsenic, iron, and
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manganese at the same frequency of groundwater monitoring. Samples would be collected under normal

flow conditions (rather than storm conditions).

Sediment monitoring to confirm that no accumulation of iron and manganese is occurring in the sediment

would include collection of four sediment samples from the EMD and analysis for arsenic, iron, and

manganese at the same frequency of groundwater monitoring. The sediment samples would be collected

at locations most likely to be impacted by the incoming groundwater that might have elevated iron and

manganese concentrations due to the reducing conditions created by naturally-occurring reductive

dechlorination.

If the monitoring results indicate that concentrations of contaminants in the EMD are unacceptable, then

active remediation will be implemented.

Component 2: Engineering Controls

A temporary fence would be installed around the portion of the EMD where potential recreational user risk

greater than 1 x 10
-5

is present to prevent contact of the surface water in the EMD by human receptors

(see Figure 4-1). The fence will remain in place until the groundwater and surface water monitoring

indicates that the surface water PRGs have been achieved, no unacceptable risk remains, and the

remedy is operating properly and successfully.

Component 3: LUCs

The remedial action at SRA will require a long remediation timeframe, thus the implementation of LUCs

would control exposure to COCs in groundwater during this period.

Because the SRA Site is not located within a potentially productive aquifer and SSTTDC and LNR have

indicated that the potable and irrigation water needs for site redevelopment can be provided by sources

other than the groundwater under the Site, future use of the Site groundwater for potable or irrigation

uses are not exposure scenarios evaluated in the FS. Therefore, a permanent LUC that prevents the

installation or permitting of production, supply or irrigation wells at the SRA Site would be used to prevent

exposure to VOCs in groundwater at concentrations that pose unacceptable risk. The approximate

boundary of the permanent LUC area is shown on the figures that depict each alternative, for example

Figure 4-1.

The PRGs for the vapor intrusion and construction worker pathways shown in Table 2-4 would be used to

establish specific LUC boundaries as shown on Figure 4-1 (for example). Based on the low contaminant

concentrations in shallow overburden groundwater south of the EMD, LUCs to prevent construction
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worker or vapor intrusion exposures are not being considered south of the EMD. Therefore, it is

anticipated that the EMD will be established as the LUC compliance boundary and no LUCs (other than

the permanent LUC prohibiting installation of groundwater wells for production, supply, or irrigation) would

be imposed downgradient of the EMD. SSTTDC and LNR have indicated that the interim LUCs listed

below would be consistent with the proposed future uses of the area upgradient of the EMD.

 A LUC requiring prior EPA and MassDEP approval of construction dewatering plans before

excavation activities could be conducted, until PRGs are achieved.

 A LUC specifying health and safety procedures to be used by construction workers to prevent

unacceptable exposure risks based upon risk-based values until PRGs are achieved.

The interim LUCs listed above would be established in the area of the Site north of the EMD, which is the

LUC compliance boundary, and would be narrowly tailored to prevent specific, identified risks and

exposure scenarios identified in the HHRA and applicable to this FS. These LUCs would be limited in

both location and scope so as not to unreasonably burden or prohibit reasonably foreseeable uses

anticipated by the Reuse Plan and Zoning By-Laws. The results of the long-term groundwater sampling

will be routinely compared to the recreational exposure vapor intrusion PRGs (see Table 2-4) to

determine if LUCs that pertain to vapor intrusion can be lifted.

To implement LUCs, the Navy would develop a LUC RD during the RD phase that would describe the

specific controls for the site, as well as the implementation protocols and upkeep requirements. The LUC

RD would use PRGs to define the boundaries of the LUC areas for groundwater use, health and safety,

and vapor intrusion, as well as conditions, terms, and limitations of the controls, such as meeting PRGs

for lifting vapor intrusion LUCs (see Figure 4-1 for the approximate boundaries of LUC areas). The LUC

RD would also outline the required inspection, reporting, and enforcement protocols.

Annual inspections of the site would be conducted to confirm compliance with the LUC objectives, and an

annual compliance certificate would be prepared and provided to USEPA and MassDEP. Prior to any

property conveyance, USEPA and MassDEP would be notified.

Because this remedy will result in hazardous substances, pollutants, or contaminants remaining on site in

excess of levels that allow for unlimited use and unrestricted exposure, in accordance with Section 121(c)

of CERCLA and NCP §300.430(f)(5)(iii)(c), a statutory review will be conducted within 5 years of initiation

of remedial action and every 5 years thereafter to ensure that the remedy continues to be protective of

human health and the environment. Each five-year review will consist of a review of relevant documents,

interviews, a site inspection, and preparation of a summary report.
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4.2.2.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Alternative G-2 would be protective of human health and the environment.

Naturally occurring processes such as biodegradation, dispersion, and dilution would reduce

concentrations of groundwater COCs over the long term. Monitoring would be used to verify the

continued protectiveness of the remedy by evaluating the change in contaminant concentrations and

detecting potential migration of contaminated groundwater so that appropriate contingency measures can

be taken, if required.

Engineering controls and LUCs would ensure protection of human health and the environment until

remediation goals are met. Restricting the use of groundwater would be protective of human health by

avoiding unacceptable risks of exposure to COCs in groundwater. Exposure to VOCs through vapor

intrusion would be controlled by the LUC requiring special building construction methods.

Compliance with ARARs and TBCs

Alternative G-2 would comply with chemical-specific ARARs and TBCs through LUCs. This would be

verified through monitoring. Alternative G-2 would also comply with location- and action-specific ARARs

and TBCs. The chemical-, location-, and action-specific ARARs and TBCs for Alternative G-2 are listed in

Tables 4-2, 4-3, and 4-4, respectively.

Long-Term Effectiveness and Permanence

Alternative G-2 would provide long-term effectiveness and permanence through LUCs. However,

residual risk would remain since there is no groundwater treatment. Monitoring surface water and the

change in groundwater quality would be an effective means to evaluate the change in contaminant

concentrations and verify that no migration of COCs is occurring. An active remedy may be needed as a

contingency in the event that unacceptable contaminant concentrations are detected in the EMD.

Groundwater use restrictions would effectively prevent the use of groundwater. Requirements for specific

construction methods would effectively prevent exposure to VOCs through vapor intrusion.

The engineering and administrative controls proposed in this alternative are considered reliable.
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Reduction of Toxicity, Mobility, or Volume through Treatment

There is no reduction of toxicity, mobility, or volume through treatment under this alternative.

Short-Term Effectiveness

Alternative G-2 would result in few short-term effects. Exposure of workers to contamination during

groundwater and surface water sampling would be minimized by compliance with the requirements of the

OSHA, including wearing of appropriate PPE and adherence to site-specific health and safety

procedures. Implementation of LUCs would not adversely impact the surrounding community or the

environment. Because there is no treatment, there could be exposure to contaminants in surface water if

elevated concentrations in the plume reach the EMD.

Groundwater RAO Nos. 1 through 3 would be achieved immediately upon implementation of LUCs and

monitoring. Monitoring and five-year reviews would be used to confirm that RAO No. 4 is met. Monitoring

and LUCs would be maintained for approximately 70 years based on preliminary modeling using

BIOCHLOR (Appendix F).

The environmental footprint of each of the impact categories evaluated using SiteWise
TM

is based on the

normalization of the remedial alternatives considered in the FS. The results of the environmental footprint

evaluation are provided in Appendix E. These evaluations are required by Navy policy and are not part of

the CERCLA evaluation criteria. For Alternative G-2, GHG emissions have a low to moderate relative

impact, emitting 121 tons of carbon dioxide equivalents (CO2e). For the criteria air pollutants, the relative

impact of nitrogen oxides (NOX) emissions is moderate to high, emitting 0.40 ton; the relative impact of

sulfur oxides (SOX) emissions is low to moderate, emitting 0.26 ton of SOX; and the relative impact of

particulate matter (PM10) emissions is low, releasing 0.01 ton of PM10 to the atmosphere. The relative use

of energy for Alternative G-2 is low, utilizing 1,656 million British Thermal Units (MMBTU). The water use

impact is low, with a total consumption of 613 gallons of water for Alternative G-2.

Implementability

Sampling and maintenance of existing monitoring wells, implementation of engineering controls and

LUCs, and the performance of 5-year reviews could readily be accomplished. The resources, equipment,

and materials required for these activities are readily available.

The administrative aspects of Alternative G-2 for the property under the control of the Navy would be

relatively simple to implement. However, if a change in ownership of the site occurs prior to completion of
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remediation, appropriate provisions would be incorporated into property transfer documents to ensure

continued implementation of aquifer use restrictions and monitoring.

Cost

The estimated costs for Alternative G-2 are as follows:

Capital Cost: $ 180,000

30-Year NPW of Annual Costs: $ 923,000

30-Year NPW: $ 1,103,000

A detailed breakdown of estimated costs for this alternative is provided in Appendix G.

Note that while the cost basis used in this FS is 30 years, based on the anticipated life cycle of the

alternative (see Appendix F) the actual anticipated cost and net present worth will be greater since

monitoring will continue throughout the entire life of the remedy.

4.2.3 Alternative G-3: One Overburden Mulch PRB, Monitoring, Engineering Controls, and

LUCs

4.2.3.1 Description

Alternative G-3 would consist of four major components: (1) mulch PRB in the overburden near the EMD,

(2) monitoring, (3) engineering controls, and (4) LUCs.

Component 1: Mulch PRB in the Overburden near the EMD

One mulch PRB would be installed in the overburden north of and near the EMD to intercept and treat the

overburden PCE plume at its leading edge (see Figure 4-2). Conventional barrier technology using

injection of ED solutions can also be considered, but a field pilot treatability study would be needed to

evaluate the effectiveness of injection due to the very shallow water table.

The useful life of a mulch PRB is typically 5 years, and the PRB will need to be replenished with an ED

every 5 years. The PRB would be maintained as long as concentrations in the groundwater will cause

the surface water PRGs to be exceeded.

A pilot treatability study would be performed prior to design to determine the details of the construction of

the PRB. Existing site information and assumptions based on typical PRBs were used for the conceptual

design at this stage. The mulch PRB would be installed using a one-pass trencher to the top of bedrock.
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The estimated width of the mulch barrier is 2 feet, and the vertical thickness of the PRB would be

approximately 15 feet. Wells would be installed in the PRB to allow for replenishment with an oil-based

ED after the organic material in the mulch is exhausted. Excavated soil from the trenches would be

allowed to drain back into the trench and then would be disposed off-site. All excavated soils will be

characterized to determine the appropriate method of off-site disposal.

Monitoring wells on both sides of the mulch PRB would be used to monitor the progress and

effectiveness of treatment (see Component 2).

Disturbance to wetlands is not expected from construction of this mulch PRB. Therefore, wetland

restoration would not be needed.

The reducing conditions caused by the mulch barriers may mobilize iron, manganese, and arsenic from

the soil to the groundwater. As part of the long-term monitoring program, groundwater samples

downgradient of the PRB and surface water samples from the EMD would be analyzed for iron,

manganese, and arsenic. If the concentrations of these metals exceed target levels (to be determined

during the preparation of the long-term monitoring plan) that would cause unacceptable risks or

conditions in the EMD, then a contingency measure would be implemented. The contingency measure

would change the reducing conditions to oxidizing conditions in the area between the PRB and the EMD.

There are several technologies that would be considered to promote oxidizing conditions. Air could be

injected using a blower through a series of air sparging wells. This would require bringing electrical

power to the site and building a small building for the blower and installing air distribution piping. Pure

oxygen can also be sparged into the wells using compressed oxygen tanks and specialized diffusers in

diffusion wells. Because pure oxygen is used, oxygen can diffuse further from the wells compared to

compressed air. Small vaults would be installed near each well to house the compressed oxygen

cylinders. A third method would use an oxygen-releasing compound (ORC) that would be injected into

wells at multiple locations. The ORC would gradually release oxygen into the surrounding groundwater,

and the subsequent reinjections would be required. The specific technology would be selected after

evaluating the conditions at the site.

Component 2: Monitoring

This component would be identical to Component 1 of Alternative G-2, except that 1 more overburden

well immediately upgradient of the proposed mulch PRB near the EMD would be included in the

groundwater monitoring program and monitored for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and

manganese at the same frequency of the other wells. Monitoring wells will be located to monitor

groundwater both north and south of the EMD as well as groundwater flowing into an active treatment
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area such as a PRB. The sediment samples would be collected at locations most likely to be impacted by

the incoming groundwater that might have elevated iron and manganese concentrations due to the

reducing condition created by the mulch PRB. The final LTM well locations and surface water and

sediment locations in the EMD will be determined during the RD phase for the selected remedy.

Component 3: Engineering Controls

This component would be identical to Component 2 of Alternative G-2. Construction of the mulch PRB

near the EMD would allow for removal of the engineering controls after the upgradient portion of the

overburden PCE plume is cleaned up.

Component 4: LUCs

This component would be identical to Component 3 of Alternative G-2.

4.2.3.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Alternative G-3 would be protective of human health and the environment.

By intercepting the overburden PCE plume at its leading edge, the mulch PRB would control the plume

migration and treat groundwater to levels protective of the EMD. Monitoring would be used to verify the

continued protectiveness of the remedy by evaluating the progress of plume containment and passive

treatment by the mulch PRB and detecting potential migration of contaminated groundwater so that

appropriate contingency measures can be taken, if required.

Engineering controls and LUCs would ensure protection of human health and the environment during the

remedial period until PRGs are met. Restricting the use of groundwater would be protective of human

health and the environment by avoiding unacceptable risks of exposure to contaminated groundwater.

Exposure to VOCs through vapor intrusion would be controlled by building construction methods.

Compliance with ARARs and TBCs

Alternative G-3 would eventually comply with chemical-specific ARARs and TBCs through a combination

of in-situ treatment and LUCs. Alternative G-3 would also comply with location- and action-specific

ARARs and TBCs. The chemical-, location-, and action-specific ARARs and TBCs for Alternative G-3 are

listed in Tables 4-5, 4-6, and 4-7, respectively.
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Long-Term Effectiveness and Permanence

Alternative G-3 would provide long-term effectiveness and permanence.

The mulch PRB near the EMD would treat the overburden PCE plume and prevent further contaminant

migration. Groundwater flow through the PRB would be treated to levels protective of surface water in

the EMD. Monitoring the progress of the mulch PRB’s treatment would be an effective means to evaluate

the progress of remediation, monitor changes in contaminant composition from biological degradation

(such as vinyl chloride concentrations), and verify that no migration of COCs is occurring beyond the

PRB.

Groundwater use restrictions would effectively prevent the use of groundwater until the PRGs are met.

Requirements for specific construction methods would effectively prevent exposure to VOCs through

vapor intrusion.

The engineering and administrative controls proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative G-3 would reduce the toxicity, mobility, and volume of groundwater COCs through the in-situ

treatment by the PRB. In-situ treatment with the overburden mulch PRB would permanently remove PCE

from groundwater flowing through it. No treatment residues would be generated by this alternative other

than the temporary formation of biodegradation by-products which would also be reduced over time.

Short-Term Effectiveness

Alternative G-3 would result in some short-term effects. Exposure of workers to contamination during

barrier installation, replenishment with ED injection, and groundwater and surface water sampling would

be minimized by compliance with OSHA requirements including wearing of appropriate PPE and

adherence to site-specific health and safety procedures. Implementation of the components would have

an impact at the area near the EMD only. There will be a slight impact on the local community during the

transport of contaminated soil from the barrier for off-site disposal.

Groundwater RAO Nos. 1 through 3 would be achieved immediately upon implementation of LUCs and

monitoring. The installation of the mulch barrier would be completed in approximately 1 month.

Replenishment of organic substrate in the PRB by ED injection would be completed in approximately

1 week every 5 years after PRB installation. Monitoring and five-year reviews would be used to confirm
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that RAO No. 4 is met. It is estimated that the PRB would need to be maintained for approximately

70 years based on preliminary modeling using BIOCHLOR (Appendix F).

The environmental footprint of each of the impact categories evaluated using SiteWise
TM

is based on the

normalization of the remedial alternatives considered in the FS. The results of the environmental footprint

evaluation are provided in Appendix E. These evaluations are required by Navy policy and are not part of

the CERCLA evaluation criteria. For Alternative G-3, GHG emissions have a moderate to high relative

impact, emitting 236 tons of CO2e. For the criteria air pollutants, the relative impact of SOX, and PM10

emissions is moderate to high, emitting 0.52 and 0.034 ton of SOX and PM10, respectively. For NOX, the

relative impact of these emissions is high, with a total of 0.4 ton emitted to the atmosphere. The relative

use of energy for Alternative G-3 is moderate to high, utilizing 6,734 MMBTU. The total water use for

Alternative G-3 is 149,000 gallons of water, corresponding to a moderate impact.

Implementability

The mulch barrier could be readily installed for capture and in-situ treatment of the PCE plume at its

leading edge. There are several qualified contractors to implement the mulch barrier technology and

numerous qualified contractors to implement the ED injection for replenishment. Sampling and

maintenance of existing monitoring wells, implementation of engineering controls and LUCs, and the

performance of 5-year reviews could readily be accomplished. The resources, equipment, and materials

required for these activities are readily available.

The administrative aspects of Alternative G-3 for the property under the control of the Navy would be

relatively simple to implement. However, if a change in ownership of the site occurs prior to completion of

remediation, appropriate provisions would be incorporated into property transfer documents to ensure

continued implementation of remediation, aquifer use restrictions and monitoring.

Cost

Estimated costs for Alternative G-3 are as follows:

Capital Cost: $ 920,000

30-Year NPW of Annual Costs: $ 1,692,000

30-Year NPW: $ 2,612,000

A detailed cost estimate for this alternative is provided in Appendix G.
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Note that while the cost basis used in this FS is 30 years, based on the anticipated life cycle of the

alternative (see Appendix F) the actual anticipated cost and net present worth will be greater since

monitoring will continue throughout the entire life of the remedy.

4.2.4 Alternative G-4: Two Overburden Mulch PRBs, Monitoring, Engineering Controls, and

LUCs

4.2.4.1 Description

Alternative G-4 would consist of four major components: (1) two mulch PRBs in the overburden near the

EMD and at the upland edge, (2) monitoring, (3) engineering controls, and (4) LUCs.

Component 1: Overburden Mulch PRBs

This component would be similar to Component 1 of Alternative G-3. In addition to the mulch PRB north

of and near the EMD, one more mulch PRB would be installed at the upgradient edge of the upland north

of the EMD to treat the overburden PCE plume entering the upland area (see Figure 4-3). This additional

PRB would be located south of the wetland to avoid wetland impacts. As with Component 1 of

Alternative G-3, it is assumed that each PRB will need to be replenished with an ED every 5 years. The

PRBs would be maintained as long as concentrations in the groundwater will cause the surface water

PRGs and the vapor intrusion PRGs to be exceeded.

A pilot treatability study would be performed prior to design to determine the details of the construction of

the PRBs. Existing site information and assumptions based on typical PRBs were used for the

conceptual design at this stage. The mulch PRBs would be installed using a one-pass trencher to the top

of the bedrock. The estimated width of each mulch PRB is 2 feet, and the vertical thickness of the PRBs

would be approximately 15 feet. Wells would be installed in the PRBs to allow for replenishment with an

oil-based ED after the organic material in the mulch is exhausted. Excavated soil from the trenches

would be allowed to drain back into the trench and then would be disposed off-site. All excavated soil will

be characterized to determine the appropriate method of off-site disposal.

Monitoring wells on both sides of the mulch PRBs would be used to monitor the progress and

effectiveness of treatment (see Component 2).

Disturbance to wetlands is not expected from construction of the mulch PRBs. Therefore, wetland

restoration would not be needed. If a PRB is constructed in a wetland or wetland buffer zone, other

construction techniques may be required.
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If reducing conditions cause unacceptable mobilization of iron, manganese, or arsenic into the EMD, a

contingency measure, as described in Alternative G-3 would be implemented.

Component 2: Monitoring

This component would be identical to Component 2 of Alternative G-3, except that one more overburden

well immediately upgradient of the proposed mulch PRB at the upland edge would be included in the

groundwater monitoring program and monitored for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and

manganese at the same frequency of the other wells. Monitoring wells will be located to monitor

groundwater both north and south of the EMD as well as groundwater flowing into an active treatment

area such as a PRB. The sediment samples would be collected at locations most likely to be impacted by

the incoming groundwater that might have elevated iron and manganese concentrations due to the

reducing condition created by the mulch PRB. The final LTM well locations and surface water and

sediment locations in the EMD will be determined during the RD phase for the selected remedy.

Component 3: Engineering Controls

This component would be identical to Component 2 of Alternative G-2. Construction of the mulch PRB

near the EMD would allow for removal of the engineering controls after the upgradient portion of the

overburden PCE plume is cleaned up.

Component 4: LUCs

This component would be identical to Component 3 of Alternative G-2. Construction of the mulch PRB at

the upland edge would allow for removal of vapor intrusion LUCs in the upland area when the overburden

PCE plume upgradient of the upland area is cleaned up.

4.2.4.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Alternative G-4 would be protective of human health and the environment.

By intercepting the overburden PCE plume at its leading edge the two mulch PRBs would control the

plume migration, treat groundwater to levels protective of the EMD, and reduce the concentration of

chlorinated VOCs beneath the upland area so that vapor intrusion LUCs can eventually be lifted on the

upland portion of the site. Monitoring would be used to verify the continued protectiveness of the remedy

by evaluating the progress of plume containment and passive treatment by the two mulch PRBs and
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detecting potential migration of contaminated groundwater so that appropriate contingency measures can

be taken, if required.

Engineering controls and LUCs would ensure protection of human health and the environment during the

remedial period until PRGs are met. Restricting the use of groundwater would be protective of human

health and the environment by avoiding unacceptable risks of exposure to contaminated groundwater.

Exposure to VOCs through vapor intrusion would be controlled by building construction methods.

Compliance with ARARs and TBCs

Alternative G-4 would eventually comply with chemical-specific ARARs and TBCs through a combination

of in-situ treatment and LUCs. Alternative G-4 would also comply with location- and action-specific

ARARs and TBCs. The chemical-, location-, and action-specific ARARs and TBCs for Alternative G-4 are

listed in Tables 4-8, 4-9, and 4-10, respectively.

Long-Term Effectiveness and Permanence

Alternative G-4 would provide long-term effectiveness and permanence.

The mulch PRBs near the EMD and at the upland edge would treat the overburden PCE plume.

Groundwater flow through the PRB near the EMD would be treated to levels protective of the EMD. The

PRB at the upland edge would reduce the concentration of chlorinated VOCs beneath the upland area so

that vapor intrusion LUCs can eventually be lifted on the upland portion of the site. Monitoring the

progress of groundwater treatment by the mulch PRBs would be an effective means to evaluate the

progress of remediation and to verify that no migration of COCs is occurring.

Groundwater use restrictions would effectively prevent the use of groundwater until PRGs are met.

Requirements for specific construction methods would effectively prevent exposure to VOCs through

vapor intrusion.

The engineering and administrative controls proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative G-4 would reduce the toxicity, mobility, and volume of groundwater COCs through the in-situ

treatment by the PRBs. In-situ treatment with the two overburden mulch PRBs would permanently

remove PCE from groundwater flowing through them. No treatment residues would be generated by this
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alternative other than the temporary formation of biodegradation by-products which would also be

reduced over time.

Short-Term Effectiveness

Alternative G-4 would result in some short-term effects. Exposure of workers to contamination during

installation of mulch PRBs, replenishment with ED injection, and groundwater and surface water sampling

would be minimized by compliance with OSHA requirements including wearing of appropriate PPE and

adherence to site-specific health and safety procedures. Implementation of the components would have

an impact at the upland area and the area near the EMD only. There will be a slight impact on the local

community during the transport of the contaminated soil from the barriers for off-site disposal.

Groundwater RAO Nos. 1 through 3 would be achieved immediately upon implementation of LUCs and

monitoring. The installation of the mulch barriers would be completed in approximately 1 months.

Replenishment of organic substrate in the PRBs by ED injection would be completed in approximately

2 weeks every 5 years after the installation of the PRBs. Monitoring and five-year reviews would be used

to confirm that RAO No. 4 is met. It is estimated that the PRBs would need to be maintained for

approximately 70 years based on preliminary modeling using BIOCHLOR (Appendix F).

The environmental footprint of each of the impact categories evaluated using SiteWise
TM

is based on the

normalization of the remedial alternatives considered in the FS. The results of the environmental footprint

evaluation are provided in Appendix E. These evaluations are required by Navy policy and are not part of

the CECLA evaluation criteria. For Alternative G-4, GHG emissions have a high relative impact, emitting

315 tons of CO2e. For the criteria air pollutants, the relative impact of NOX, SOX, and PM10 emissions is

high, emitting 0.48, 0.70, and 0.048 ton of NOX, SOX and PM10, respectively. The relative use of energy

and water for Alternative G-4 is high, utilizing 10,565 MMBTU and 267,000 gallons of water respectively.

Implementability

The mulch barriers could be readily installed for capture and in-situ treatment of the PCE plume at its

leading edge. There are several qualified contractors to implement the mulch barrier technology and

numerous qualified contractors to implement the ED injection for replenishment. Sampling and

maintenance of existing monitoring wells, implementation of engineering controls and LUCs, and

performance of 5-year reviews could readily be accomplished. The resources, equipment, and materials

required for these activities are readily available.
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Construction of a PRB in a wetland or wetland buffer zone would comply with the applicable requirements

of the MassDEP regulations and SSTTDC Wetlands Protection Rules and Regulations for NAS South

Weymouth.

The administrative aspects of Alternative G-4 for the property under the control of the Navy would be

relatively simple to implement. However, if a change in ownership of the site occurs prior to completion of

remediation, appropriate provisions would be incorporated into property transfer documents to ensure

continued implementation of remediation, aquifer use restrictions and monitoring.

Cost

Estimated costs for Alternative G-4 are as follows:

Capital Cost: $ 1,107,000

30-Year NPW of Annual Costs: $ 2,074,000

30-Year NPW: $ 3,181,000

A detailed cost estimate for this alternative is provided in Appendix G.

Note that while the cost basis used in this FS is 30 years, based on the anticipated life cycle of the

alternative (see Appendix F) the actual anticipated cost and net present worth will be greater since

monitoring will continue throughout the entire life of the remedy.

4.2.5 Alternative G-5: Overburden and Bedrock Source Area Enhanced Bioremediation, One

Overburden PRB, Monitoring, Engineering Controls, and LUCs

4.2.5.1 Description

Alternative G-5 would consist of five major components: (1) in-situ enhanced bioremediation in

overburden (10,000 µg/L PCE) and bedrock (~8,000 µg/L PCE) source areas, (2) one mulch PRB in

overburden near EMD, (3) monitoring, (4) engineering controls, and (5) LUCs.

Component 1: Overburden and Bedrock Source Area Enhanced Bioremediation

Active treatment by in-situ enhanced bioremediation would be applied to areas with the highest

groundwater concentrations in overburden and bedrock to reduce the source mass of the PCE plumes. A

target concentration of 1,000 µg/L PCE is assumed as the treatment goal. Treatment to the PRGs is not

needed, and the downgradient PRB would further treat the overburden groundwater. This level of

treatment would also reduce the overall mass of contaminants. The area of 10,000 µg/L PCE
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concentration contour in the overburden and the area adjacent to MW10-405D1/D2 with approximately

8,000 µg/L PCE in bedrock were selected as the target treatment zones (TTZs) for enhanced

bioremediation (see Figure 4-4). Based on the solubility of PCE, these areas may include potential

sources of PCE that could continuously release PCE to groundwater via dissolution from residual DNAPL

or back diffusion from the rock matrix.

Prior to the design of the enhanced bioremediation system, a pilot treatability study would be performed

to determine chemical injection rates, buffering requirements, injection well spacing, and details of the

construction of the PRB. Existing site information and assumptions based on typical enhanced

bioremediation systems and PRBs were used for the conceptual design at this stage. As part of the

study, the need for bioaugmentation by the addition of microorganisms would also be evaluated. This

study is estimated to last 1 year. Although some of the injection wells used for the pilot treatability study

may be used as part of the final design, for the purposes of this estimate, it is assumed that none would

be used.

Because of the uncertainty in the ability to distribute an oil-based ED in the bedrock fractures, a soluble

ED, sodium lactate, is proposed for the initial injection in both the overburden and bedrock TTZs through

grids of injection points. At each injection location, a sodium lactate solution would be injected via an

injection well over the entire saturated thickness. A buffering agent, such as sodium bicarbonate, may be

needed to maintain the pH in the optimum range.

The conceptual design is based on typical well spacing and estimate of chemical feed requirements

based on existing data. In the overburden TTZ, the spacing of injection wells along lines perpendicular to

groundwater flow would be 10 feet and the spacing between these lines would be 20 feet. A total of

1,500 lb of sodium lactate (approximately 1,800 gallon of 10 percent solution) would be injected over a

targeted depth interval of approximately 2 to 17 feet bgs into a total of 42 wells in the overburden TTZ

over a period of one week.

Based on the conceptual design, in the bedrock TTZ the spacing of injection wells along lines

perpendicular to groundwater flow and the spacing between these lines would both be 10 feet to account

for uncertainty in lateral interconnection of fractures. A total of 60 lb of sodium lactate (approximately

70 gallon of 10 percent solution) would be injected over a targeted depth interval of approximately 17 to

37 feet bgs into a total of 9 wells in the bedrock TTZ over a period of one week.

Because of the shallow depth to groundwater, surface break out of the injected solution and/or

groundwater is likely to occur; therefore a slow injection rate has been assumed.
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To account for any residual sources after the initial treatment with sodium lactate, an oil based ED, such

as the emulsified oil product EOS, would be injected into both TTZs after 6 months and again 2 years

later to replenish the organic substrates in the TTZs at half the dosage of the injected sodium lactate. A

total of 15 gallons and 0.6 gallon of EOS (60 percent oil) would be injected along with sufficient dilution

water into the overburden and bedrock TTZs, respectively. Following each re-injection, the results would

be evaluated to determine if additional treatment is required.

Because the source area treatment would impact wetlands, the impacted areas would need to be

restored after injection process is completed.

Component 2: Overburden Mulch PRBs

This component would be identical to Component 1 of Alternative G-3.

If reducing conditions cause unacceptable mobilization of iron, manganese, or arsenic into the EMD, a

contingency measure, as described in Alternative G-3 would be implemented.

Component 3: Monitoring

This component would be nearly identical to Component 2 of Alternative G-3, except that one more

overburden well in the overburden TTZ and one more bedrock well in the bedrock TTZ will be included in

the groundwater monitoring program and monitored for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and

manganese at the same frequency of the other wells. Monitoring wells will be located to monitor

groundwater both north and south of the EMD as well as groundwater flowing into an active treatment

area such as a PRB. The sediment samples would be collected at locations most likely to be impacted by

the incoming groundwater that might have elevated iron and manganese concentrations due to the

reducing condition created by the mulch PRB. The final LTM well locations and surface water and

sediment locations in the EMD will be determined during the RD phase for the selected remedy.

Component 5: Engineering Controls

This component would be the same as Component 2 of Alternative G-2. Construction of the mulch PRB

near the EMD would allow for removal of the engineering controls after the upgradient portion of the

overburden PCE plume is cleaned up.
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Component 6: LUCs

This component would be identical to Component 3 of Alternative G-2. Construction of the mulch PRB at

the upland edge would allow for removal of vapor intrusion LUCs in the upland area when the overburden

PCE plume upgradient of the upland area is cleaned up.

4.2.5.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Alternative G-5 would be protective of human health and the environment.

By actively removing the sources of PCE contamination, enhanced bioremediation in the TTZs would

significantly reduce the source mass and the expansion of the PCE plumes in overburden and bedrock.

This would significantly reduce the risk from exposure to contaminated groundwater, and provide

protection to future human receptors that may be exposed during intrusive activities. The enhanced

bioremediation is expected to reduce or eliminate most of the contamination in the source areas, thereby

improving downgradient groundwater quality and reducing impacts on the surface water over time. In

addition, by intercepting the overburden PCE plume at its leading edge, the PRB would control the plume

migration, and treat groundwater to levels protective of the EMD. Monitoring would be used to verify the

continued protectiveness of the remedy by evaluating the progress of source zone enhanced

bioremediation and plume containment and passive treatment by the mulch PRB and detecting potential

migration of contaminated groundwater so that appropriate contingency measures can be taken, if

required.

Engineering controls and LUCs would ensure protection of human health and the environment during the

remedial period until PRGs are met. Restricting the use of groundwater would be protective of human

health and the environment by avoiding unacceptable risks of exposure to contaminated groundwater.

Exposure to VOCs through vapor intrusion would be controlled by building construction methods.

Compliance with ARARs and TBCs

Alternative G-5 would eventually comply with chemical-specific ARARs and TBCs through a combination

of in-situ treatment with PRBs and injections. Alternative G-5 would also comply with location- and

action-specific ARARs and TBCs. The chemical-, location-, and action-specific ARARs and TBCs for

Alternative G-5 are listed in Tables 4-11, 4-12, and 4-13, respectively.
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Long-Term Effectiveness and Permanence

Alternative G-5 would provide long-term effectiveness and permanence.

In-situ treatment by enhanced bioremediation would effectively and permanently remove most of the

contamination in the source areas. This would reduce contaminant migration and possibly reduce the

duration that the PRB must be maintained. In addition, the mulch PRB near the EMD would treat the

overburden PCE plume and prevent contaminants from further migration. Groundwater flowing through

the PRB near the EMD would be treated to levels protective of the EMD. Prior to design of the source

zone treatment, a pilot-scale treatability study would need to be performed.

Monitoring the progress of enhanced bioremediation of source area groundwater and treatment by the

overburden mulch PRB would be an effective means to evaluate the progress of remediation, monitor

changes in contaminant composition from biological degradation (such as vinyl chloride concentrations),

and verify that no migration of COCs is occurring.

Groundwater use restrictions would effectively prevent the use of groundwater until PRGs are met.

Requirements for specific construction methods would effectively prevent exposure to VOCs through

vapor intrusion.

The engineering and administrative controls proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative G-5 would reduce the toxicity, mobility, and volume of groundwater COCs through in-situ

treatment. In-situ enhanced bioremediation would permanently reduce PCE in groundwater in the TTZs.

Passive treatment with the overburden mulch PRB would permanently remove PCE from groundwater

flowing through it. It is estimated that the PRB would need to be maintained for approximately 55 years

based on preliminary modeling using BIOCHLOR (Appendix F). No treatment residues would be

generated by this alternative other than the temporary formation of biodegradation by-products which

would also be reduced over time.

Short-Term Effectiveness

Alternative G-5 would result in some short-term effects. Exposure of workers to contamination during

installation of injection wells and mulch PRB, ED injection, and groundwater and surface water sampling

would be minimized by compliance with OSHA requirements including wearing of appropriate PPE and

adherence to site-specific health and safety procedures. Implementation of the components would have
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an impact in the high contamination area as well as near the EMD. There will be a slight impact on the

local community during the transport of contaminated soil from barriers to off-site disposal.

Implementation of this alternative will impact the wetland at the site. The impacted wetland must be

restored after the injection process is completed.

Groundwater RAO Nos. 1 through 3 would be achieved immediately upon implementation of LUCs and

monitoring. The installation of injection wells and injection of EOS for enhanced bioremediation at the

source areas and the installation of the mulch PRB would be completed in approximately 3 months. The

initial injection in the source areas would be followed up with re-injection of EOS after 6 months and again

2 years later over a period of approximately 2 weeks each. Replenishment of organic substrate in the

PRB by ED injection would be completed in approximately 1 week every 5 years after the installation of

the PRB. Monitoring and five-year reviews would be used to confirm that RAO No. 4 is met. It is

estimated that the PRB would need to be maintained for approximately 55 years. Once the PRB no

longer needs to be maintained the interim LUCs on the upland area would be lifted.

The environmental footprint of each of the impact categories evaluated using SiteWise
TM

is based on the

normalization of the remedial alternatives considered in the FS. The results of the environmental footprint

evaluation are provided in Appendix E. These evaluations are required by Navy policy and are not part of

the CERCLA evaluation criteria. For Alternative G-5, GHG emissions have a high relative impact,

emitting 264 tons of CO2e. For the criteria air pollutants, the relative impact of NOX, and PM10 emissions

is high, emitting 0.50, and 0.040 ton of NOX, and PM10, respectively. For SOX, the relative impact is

moderate to high, emitting 0.50 ton of SOX. The relative use of energy for Alternative G-5 is moderate to

high, utilizing 7,332 MMBTU. The total water consumption for this alternative is 158,000 gallons of water,

corresponding to a moderate impact.

Implementability

The injection wells for source zone enhanced bioremediation and the mulch PRB at the leading edge of

the PCE plume could be readily installed. However, there is uncertainty in the effectiveness of the

bedrock treatment because of the difficulties in injecting and distributing the ED. There are several

qualified contractors to implement the mulch barrier technology and there are many qualified contractors

for installing ED injection wells and injecting the ED. Sampling and maintenance of existing monitoring

wells, implementation of engineering controls and LUCs, and performance of 5-year reviews could readily

be accomplished. The resources, equipment, and materials required for these activities are readily

available.
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Construction of a PRB in a wetland or wetland buffer zone would comply with the applicable requirements

of the SSTTDC Wetlands Protection Rules and Regulations for NAS South Weymouth.

The administrative aspects of Alternative G-5 such as LUCs for the property under the control of the Navy

would be relatively simple to implement. However, if a change in ownership of the site occurs prior to

completion of remediation, appropriate provisions would be incorporated into property transfer documents

to ensure continued implementation of remediation, aquifer use restrictions and monitoring.

Cost

The estimated costs for Alternative G-5 are as follows:

Capital Cost: $ 1,615,000

30-Year NPW of Annual Costs: $ 1,987,000

30-Year NPW: $ 3,602,000

A detailed breakdown of the estimated costs for this alternative is provided in Appendix G.

Note that while the cost basis used in this FS is 30 years, based on the anticipated life cycle of the

alternative (see Appendix F) the actual anticipated cost and net present worth will be greater since

monitoring will continue throughout the entire life of the remedy.

4.2.6 Alternative G-5A: Overburden and Bedrock Source Area Enhanced Bioremediation,

Two Overburden PRBs, Monitoring, Engineering Controls, and LUCs

4.2.6.1 Description

Alternative G-5A would consist of five major components: (1) in-situ enhanced bioremediation in

overburden (10,000 µg/L PCE) and bedrock (~8,000 µg/L PCE) source areas, (2) two mulch PRBs in

overburden near EMD and at the upland edge, (3) monitoring, (4) engineering controls, and (5) LUCs.

Component 1: Overburden and Bedrock Source Area Enhanced Bioremediation

Active treatment by in-situ enhanced bioremediation would be applied to areas with the highest

groundwater concentrations in overburden and bedrock to reduce the source mass of the PCE plumes. A

target concentration of 1,000 µg/L PCE is assumed as the treatment goal. Treatment to the PRGs is not

needed, and the downgradient PRB would further treat the overburden groundwater. This level of

treatment would also reduce the overall mass of contaminants. The area of 10,000 µg/L PCE

concentration contour in the overburden and the area adjacent to MW10-405D1/D2 with approximately
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8,000 µg/L PCE in bedrock were selected as the target treatment zones (TTZs) for enhanced

bioremediation (see Figure 4-5). Based on the solubility of PCE, these areas may include potential

sources of PCE that could continuously release PCE to groundwater via dissolution from residual DNAPL

or back diffusion from the rock matrix.

Prior to the design of the enhanced bioremediation system, a pilot treatability study would be performed

to determine chemical injection rates, buffering requirements, injection well spacing, and details of the

construction of the PRBs. Existing site information and assumptions based on typical enhanced

bioremediation systems and PRBs were used for the conceptual design at this stage. As part of the

study, the need for bioaugmentation by the addition of microorganisms would also be evaluated. This

study is estimated to last 1 year. Although some of the injection wells used for the pilot treatability study

may be used as part of the final design, for the purposes of this estimate, it is assumed that none would

be used.

Because of the uncertainty in the ability to distribute an oil-based ED in the bedrock fractures, a soluble

ED, sodium lactate, is proposed for the initial injection in both the overburden and bedrock TTZs through

grids of injection points. At each injection location, a sodium lactate solution would be injected via an

injection well over the entire saturated thickness. A buffering agent, such as sodium bicarbonate, may be

needed to maintain the pH in the optimum range.

The conceptual design is based on typical well spacing and estimate of chemical feed requirements

based on existing data. In the overburden TTZ, the spacing of injection wells along lines perpendicular to

groundwater flow would be 10 feet and the spacing between these lines would be 20 feet. A total of

1,500 lb of sodium lactate (approximately 1,800 gallon of 10 percent solution) would be injected over a

targeted depth interval of approximately 2 to 17 feet bgs into a total of 42 wells in the overburden TTZ

over a period of one week.

Based on the conceptual design, in the bedrock TTZ the spacing of injection wells along lines

perpendicular to groundwater flow and the spacing between these lines would both be 10 feet to account

for uncertainty in lateral interconnection of fractures. A total of 60 lb of sodium lactate (approximately

70 gallon of 10 percent solution) would be injected over a targeted depth interval of approximately 17 to

37 feet bgs into a total of 9 wells in the bedrock TTZ over a period of one week.

Because of the shallow depth to groundwater, surface break out of the injected solution and/or

groundwater is likely to occur; therefore a slow injection rate has been assumed.
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To account for any residual sources after the initial treatment with sodium lactate, an oil based ED, such

as the emulsified oil product EOS, would be injected into both TTZs after 6 months and again 2 years

later to replenish the organic substrates in the TTZs at half the dosage of the injected sodium lactate. A

total of 15 gallons and 0.6 gallon of EOS (60 percent oil) would be injected along with sufficient dilution

water into the overburden and bedrock TTZs, respectively. Following each re-injection, the results would

be evaluated to determine if additional treatment is required.

Because the source area treatment would impact wetlands, the impacted areas would need to be

restored or mitigated after the injection process is completed.

Component 2: Overburden Mulch PRBs

This component would be identical to Component 1 of Alternative G-4 and similar to Component 1 of

Alternative G-3. In addition to the mulch PRB north of and near the EMD, one more mulch PRB would be

installed at the upgradient edge of the upland north of the EMD to treat the overburden PCE plume

entering the upland area (see Figure 4-5). This additional PRB would be located south of the wetland to

avoid wetland impacts. As with Component 1 of Alternative G-3, it is assumed that each PRB will need to

be replenished with an ED every 5 years. The PRBs would be maintained as long as concentrations in

the groundwater will cause the surface water PRGs and the vapor intrusion PRGs to be exceeded.

A pilot treatability study would be performed prior to design to determine the details of the construction of

the PRBs. Existing site information and assumptions based on typical PRBs were used for the

conceptual design at this stage. The mulch PRBs would be installed using a one-pass trencher to the top

of the bedrock. The estimated width of each mulch PRB is 2 feet, and the vertical thickness of the PRBs

would be approximately 15 feet. Wells would be installed in the PRBs to allow for replenishment with an

oil-based ED after the organic material in the mulch is exhausted. Excavated soil from the trenches

would be allowed to drain back into the trench and then would be disposed off-site. All excavated soil will

be characterized to determine the appropriate method of off-site disposal.

Monitoring wells on both sides of the mulch PRBs would be used to monitor the progress and

effectiveness of treatment (see Component 3).

Disturbance to wetlands is not expected from construction of the mulch PRBs. Therefore, wetland

restoration would not be needed. If a PRB is constructed in a wetland or wetland buffer zone, other

construction techniques may be required.

If reducing conditions cause unacceptable mobilization of iron, manganese, or arsenic into the EMD, a

contingency measure, as described in Alternative G-3 would be implemented.
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Component 3: Monitoring

This component would be nearly identical to Component 2 of Alternative G-4, except that one more

overburden well in the overburden TTZ and one more bedrock well in the bedrock TTZ will be included in

the groundwater monitoring program and monitored for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and

manganese at the same frequency of the other wells. Monitoring wells will be located to monitor

groundwater both north and south of the EMD as well as groundwater flowing into an active treatment

area such as a PRB. The sediment samples would be collected at locations most likely to be impacted by

the incoming groundwater that might have elevated arsenic, iron, and manganese concentrations due to

the reducing conditions created by the mulch PRB. The final LTM well locations and surface water and

sediment locations in the EMD will be determined during the RD phase for the selected remedy.

Component 5: Engineering Controls

This component would be the same as Component 2 of Alternative G-2. Construction of the mulch PRB

near the EMD would allow for removal of the engineering controls after the upgradient portion of the

overburden PCE plume is remediated.

Component 6: LUCs

This component would be identical to Component 3 of Alternative G-2. Construction of the mulch PRB at

the upland edge would allow for removal of vapor intrusion LUCs in the upland area when the overburden

PCE plume upgradient of the upland area is remediated.

4.2.6.2 Detailed Analysis

Overall Protection of Human Health and the Environment

Alternative G-5A would be protective of human health and the environment.

By actively removing the sources of PCE contamination, enhanced bioremediation in the TTZs would

significantly reduce the source mass and the expansion of the PCE plumes in overburden and bedrock.

This would significantly reduce the risk from exposure to contaminated groundwater and provide

protection to future human receptors that may be exposed during intrusive activities. The enhanced

bioremediation is expected to reduce or eliminate most of the contamination in the source areas, thereby

improving downgradient groundwater quality and reducing impacts on the surface water over time. In

addition, by intercepting the overburden PCE plume at its leading edge, the two PRBs would control the

plume migration, treat groundwater to levels protective of the EMD, and reduce the concentration of
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chlorinated VOCs beneath the upland area so that vapor intrusion LUCs can eventually be lifted on the

upland portion of the site. Monitoring would be used to verify the continued protectiveness of the remedy

by: evaluating the progress of source zone enhanced bioremediation, plume containment and passive

treatment by the mulch PRBs; and detecting potential migration of contaminated groundwater so that

appropriate contingency measures can be taken, if required.

Engineering controls and LUCs would ensure protection of human health and the environment during the

remedial period until PRGs are met. Restricting the use of groundwater would be protective of human

health and the environment by avoiding unacceptable risks of exposure to contaminated groundwater.

Exposure to VOCs through vapor intrusion would be controlled by building construction methods.

Compliance with ARARs and TBCs

Alternative G-5A would eventually comply with chemical-specific ARARs and TBCs through a

combination of in-situ treatment with PRBs and injections. Alternative G-5A would also comply with

location- and action-specific ARARs and TBCs. The chemical-, location-, and action-specific ARARs and

TBCs for Alternative G-5A are listed in Tables 4-14, 4-15, and 4-16, respectively.

Long-Term Effectiveness and Permanence

Alternative G-5A would provide long-term effectiveness and permanence.

In-situ treatment by enhanced bioremediation would effectively and permanently remove most of the

contamination in the source areas. This would reduce contaminant migration and possibly reduce the

duration that the PRBs must be maintained. In addition, the mulch PRB near the EMD would treat the

overburden PCE plume and prevent further migration of contaminants. Groundwater flowing through the

PRB near the EMD would be treated to levels protective of the EMD. The PRB at the upland edge would

reduce the concentration of chlorinated VOCs beneath the upland area so that vapor intrusion LUCs can

eventually be lifted on the upland portion of the site. Prior to design of the source zone treatment, a pilot-

scale treatability study would need to be performed.

Monitoring the progress of enhanced bioremediation of source area groundwater and treatment by the

overburden mulch PRBs would be an effective means to evaluate the progress of remediation, monitor

changes in contaminant composition from biological degradation (such as vinyl chloride concentrations),

and verify that no migration of COCs is occurring beyond the PRB near the EMD.
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Groundwater use restrictions would effectively prevent the use of groundwater until PRGs are met.

Requirements for specific construction methods would effectively prevent exposure to VOCs through

vapor intrusion.

The engineering and administrative controls proposed in this alternative are considered reliable.

Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative G-5A would reduce the toxicity, mobility, and volume of groundwater COCs through in-situ

treatment. In-situ enhanced bioremediation would permanently reduce PCE in groundwater in the TTZs.

Passive treatment with the overburden mulch PRBs would permanently remove PCE from groundwater

flowing through them. No treatment residues would be generated by this alternative other than the

temporary formation of biodegradation by-products which would also be reduced over time.

Short-Term Effectiveness

Alternative G-5A would result in some short-term effects. Exposure of workers to contamination during

installation of injection wells and mulch PRBs, ED injection, and groundwater and surface water sampling

would be minimized by compliance with OSHA requirements including wearing of appropriate PPE and

adherence to site-specific health and safety procedures. Implementation of the components would have

an impact in the high contamination area as well as near the EMD. There will be a slight impact on the

local community during the transport of contaminated soil from barriers to off-site disposal.

Implementation of this alternative will impact the wetland at the site. The impacted wetland must be

restored and/or mitigated after the injection process is completed.

Groundwater RAO Nos. 1 through 3 would be achieved immediately upon implementation of LUCs and

monitoring. The installation of injection wells and injection of EOS for enhanced bioremediation at the

source areas and the installation of the mulch PRBs would be completed in approximately 6 months. The

initial injection in the source areas would be followed up with re-injection of EOS after 6 months and again

2 years later over a period of approximately 2 weeks each. Replenishment of organic substrate in the

PRBs by ED injection would be completed in approximately 2 weeks every 5 years after the installation of

the PRBs. Monitoring and five-year reviews would be used to confirm that RAO No. 4 is met. It is

estimated that the PRBs would need to be maintained for approximately 55 years. However, the

contaminant concentrations in the groundwater between the two PRBs would meet PRGs in

approximately 10 years, allowing for LUCs (except those for groundwater) to be lifted in that area.
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The environmental footprint of each of the impact categories evaluated using SiteWiseTM is based on the

normalization of the remedial alternatives considered in the FS. The results of the environmental footprint

evaluation are provided in Appendix E. These evaluations are required by Navy policy and are not part of

the CERCLA evaluation criteria. For Alternative G-5A, GHG emissions have a high relative impact,

emitting 342 tons of CO2e. For the criteria air pollutants, the relative impact of NOX, SOX, and PM10

emissions is high, emitting 0.54, 0.74, and 0.052 ton of NOX, SOX and PM10, respectively. The relative

use of energy for Alternative G-5A is high, utilizing 11,000 MMBTU. The total water consumption for this

alternative is 276,000 gallons of water, corresponding to a high impact.

Implementability

The injection wells for source zone enhanced bioremediation and the mulch PRBs could be readily

installed. However, there is uncertainty in the effectiveness of the bedrock treatment because of the

difficulties in injecting and distributing the ED. There are several qualified contractors to implement the

mulch barrier technology and there are many qualified contractors for installing ED injection wells and

injecting the ED. Sampling and maintenance of existing monitoring wells, implementation of engineering

controls and LUCs, and performance of 5-year reviews could readily be accomplished. The resources,

equipment, and materials required for these activities are readily available.

Construction of a PRB in a wetland or wetland buffer zone would comply with the applicable requirements

of the MassDEP regulations and SSTTDC Wetlands Protection Rules and Regulations for NAS South

Weymouth.

The administrative aspects of Alternative G-5A such as LUCs for the property under the control of the

Navy would be relatively simple to implement. However, if a change in ownership of the site occurs prior

to completion of remediation, appropriate provisions would be incorporated into property transfer

documents to ensure continued implementation of remediation, aquifer use restrictions and monitoring.

Cost

The estimated costs for Alternative G-5A are as follows:

Capital Cost: $ 1,783,000

30-Year NPW of Annual Costs: $ 2,357,000

30-Year NPW: $ 4,140,000

A detailed breakdown of the estimated costs for this alternative is provided.
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Note that while the cost basis used in this FS is 30 years, based on the anticipated life cycle of the

alternative the actual anticipated cost and net present worth will be greater since monitoring will continue

throughout the entire life of the remedy.



TABLE 4-1

FEDERAL AND STATE CHEMICAL-SPECIFIC ARARs AND TBCs – ALTERNATIVE G-1 – NO ACTION
SOLVENT RELEASE AREA FEASIBILITY STUDY

FORMER NAVAL AIR STATION SOUTH WEYMOUTH
WEYMOUTH, MASSACHUSETTS

PAGE 1 OF 3

Requirement Citation Status Synopsis Evaluation/Action To Be Taken

Federal

Cancer Slope
Factors (CSFs)

USEPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media. This alternative will not
meet the risk-based cleanup goals
developed through the use of this
guidance since potential carcinogenic
risks caused by exposure to
contaminants will not be addressed.

Reference Doses
(RfDs)

USEPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants. This
alternative will not meet the risk-based
cleanup goals developed through the use
of this guidance since potential non-
carcinogenic hazards caused by
exposure to contaminants will not be
addressed.

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential carcinogenic
risks caused by exposure to
contaminants. This alternative will not
meet the risk-based cleanup goals
developed through the use of this
guidance since potential carcinogenic
risks caused by exposure to
contaminants will not be addressed.
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Federal (Continued)

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/R-03/003F

March 2005

TBC Guidance for assessing cancer risks
in children

Used to calculate potential carcinogenic
risks to children caused by exposure to
contaminants. This alternative will not
meet the risk-based cleanup goals
developed through the use of this
guidance since potential carcinogenic
risks to children caused by exposure to
contaminants will not be addressed.

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor
intrusion risk.

This alternative would not address risks
estimated through this guidance since
potential exposure to volatile organic
compounds in structures would not be
addressed.
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Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of
risk due to consumption of
contaminated drinking water; they
consider non-carcinogenic effects
only. To be considered for
contaminants which do not have
chemical-specific ARARs where
groundwater may be used for drinking
water. The non-enforceable federal
guideline Health Advisory for
manganese is 0.3 mg/l.

The No Action alternative will not achieve
these criteria.

State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Cancer Slope
Factors (CSFs)

USEPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media. This alternative will meet
the risk-based cleanup goals developed
through the use of this guidance because
the fence will prevent exposure to COCs
in surface water, and LUCs will prevent
exposure to COCs in groundwater.

Reference Doses
(RfDs)

USEPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the use
of this guidance because the fence will
prevent exposure to COCs in surface
water, and LUCs will prevent exposure to
COCs in groundwater.
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Federal (Continued)

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential carcinogenic
risks caused by exposure to
contaminants. This alternative will meet
the risk-based cleanup goals developed
through the use of this guidance because
the fence will prevent exposure to COCs
in surface water, and LUCs will prevent
exposure to COCs in groundwater.

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/R-03/003F

March 2005

TBC Guidance for assessing cancer risks
in children

Used to calculate potential carcinogenic
risks to children caused by exposure to
contaminants. This alternative will meet
the risk-based cleanup goals developed
through the use of this guidance because
the fence will prevent exposure to COCs
in surface water, and LUCs will prevent
exposure to COCs in groundwater.

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor
intrusion risk.

Since the future use includes structures
on the site, assessment of potential
vapor intrusion risks will be conducted in
accordance with the guidance and LUCs
that address building design and
construction methods will control
exposure.
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Federal (Continued)

Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of
risk due to consumption of
contaminated drinking water; they
consider non-carcinogenic effects
only. To be considered for
contaminants which do not have
chemical-specific ARARs where
groundwater may be used for drinking
water. The non-enforceable federal
guideline Health Advisory for
manganese is 0.3 mg/l.

This alternative will achieve these
guidelines since non-carcinogenic risk
resulting from exposure to compounds
identified in the Health Advisory (e.g.,
manganese) will be addressed by
monitoring. Land use controls will
prevent short-term exposure until
protective levels are reached. Would not
be considered where the background
concentration is greater than the health
advisory value.

State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Floodplain
Management and
Protection of
Wetlands

44 Code of Federal
Regulations (CFR) 9

Relevant
and
Appropriate

FEMA regulations that set forth the policy,
procedure and responsibilities to
implement and enforce Executive Order
11990, Protection of Wetlands.

Remedial alternatives conducted
within federal jurisdictional wetlands
will be implemented in compliance
with these standards.

Clean Water Act,
Section 404;
Section 404(b)(1)
Guidelines for
Specification of
Disposal Sites for
Dredged or Fill
Material

33 United States Code
(USC) 1344; 40 CFR 230,
231 and 33 CFR 320-323

Applicable Under this requirement, no activity that
adversely affects a wetland shall be
permitted if a practicable alternative with
lesser effects is available. If activity takes
place, impacts must be minimized to the
maximum extent. Controls discharges of
dredged or fill material to protect aquatic
ecosystems. Filling or discharge of
dredged material will only occur where
there is no other practicable alternative
and any adverse impacts to aquatic
ecosystems will be mitigated.

Remedial activities, such as fence
installation could involve fill material
discharge to wetlands. If there is no
practicable alternative to the
discharge, any adverse impacts will
be mitigated. A Least
Environmentally Damaging
Practicable Alternative determination
to protect wetland resources and
provide the best balance of
addressing contaminated media
within and adjacent to wetlands while
minimizing both temporary and
permanent alteration of wetlands and
aquatic habitats on site will be made
when the remedy is selected.

Fish and Wildlife
Coordination Act

16 USC 661 et seq., Applicable Enacted to protect fish and wildlife when
federal actions result in the control or
modification of a natural stream or body of
water. Requires federal agencies to take
into consideration the effect that water-
related projects would have on fish and
wildlife resources; to take action to
prevent loss or damage to those
resources; and to provide for the
development and improvement of those
resources.

All construction will be conducted in a
manner to mitigate impacts. Actions
taken will minimize adverse impacts
to fish and wildlife. Relevant federal
and state agencies will be contacted
and allowed to review the proposed
work plan for the fence and
monitoring well installation prior to
implementation.
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State

Massachusetts
Endangered
Species Act

Massachusetts General
Laws (MGL) ch.,131A

321 Code of
Massachusetts
Regulations (CMR) 10.00

Applicable Sets out authority to research, list, and
protect any species deemed endangered,
threatened, or of other special concern.
Actions must be conducted in a manner
that minimizes the effect on listed
Massachusetts species.

A state-listed species of special
concern (Eastern Box Turtle) has
been observed at the base, but not at
the SRA site. Appropriate measures
will be taken during remedial actions
to ensure that the species is not
harmed by the alternative.

MA Wetlands
Protection Act

310 CMR 10.00 Applicable These regulations govern activities in
freshwater wetlands, 100-year
floodplains, 100-foot buffer zones beyond
such areas, and 200-foot buffer zones to
waterways. Regulated activities include
certain types of construction and
excavation activities. Performance
standards are provided and include
evaluating the acceptability of various
activities.

Any temporary disturbance of a
wetland during fence installation or
monitoring well activities will be
restored.
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Federal

There are no federal action-specific ARARs or TBCs.

State

Hazardous Waste
Rules for Identification
and Listing of
Hazardous Wastes,

310 Code of
Massachusetts
Regulations
(CMR) 30.100

Applicable Establish requirements for determining
whether wastes are hazardous.

Defines listed and characteristic
hazardous wastes.

These regulations would apply when
determining whether or not a solid waste
that is generated as part of this remedial
action is classified as hazardous, such as
contaminated purge water from
groundwater sampling or contaminated
material generated from well installation
or maintenance.

Hazardous Waste
Management Rules –
Requirements for
Generators

310 CMR
30.300

Applicable These regulations contain requirements
for generators of hazardous waste.
The regulations apply to generators of
sampling waste and to the
accumulation of waste prior to off-site
disposal.

Wastes generated during remedial
actions that are determined to be
hazardous will be handled in compliance
with the substantive requirements of
these regulations.

Certification of Well
Drillers and Filing of
Well Completion
Reports

313 CMR 3.03
(predecessor
regulations);

310 CMR 46

Applicable Requirements relating to well
abandonment

Well drillers will follow all regulatory
requirements for drilling and
decommissioning of wells.

Standard References
for Monitoring Wells

WSC-310-91
MADEP April
1991

To Be
Considered

This guidance describes the technical
requirements for locating, drilling,
installing, sampling and
decommissioning monitoring wells.

Applies to wells installed for monitoring.
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State (Continued)

Erosion and Sediment
Control Guidance

To Be
Considered

This guidance includes standards for
preventing erosion and sedimentation.

Remedial actions, such as installation and
maintenance of wells, will be managed to
control erosion and sedimentation.
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Federal

Cancer Slope
Factors (CSFs)

US EPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water and LUCs
will prevent exposure to COCs in
groundwater.

Reference Doses
(RfDs)

US EPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water and LUCs
will prevent exposure to COCs in
groundwater.
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Federal (Continued)

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential
carcinogenic risks caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water and LUCs
will prevent exposure to COCs in
groundwater.

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/R-03/003F

March 2005

TBC Guidance for assessing cancer risks in
children

Used to calculate potential
carcinogenic risks to children caused
by exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water and LUCs
will prevent exposure to COCs in
groundwater.
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Federal (Continued)

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor intrusion
risk.

Since the future use includes
structures on the site, assessment of
potential vapor intrusion risks will be
conducted in accordance with the
guidance and LUCs that address
building design and construction
methods will control exposure.

Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of risk
due to consumption of contaminated
drinking water; they consider non-
carcinogenic effects only. To be
considered for contaminants which do
not have chemical-specific ARARs
where groundwater may be used for
drinking water. The non-enforceable
federal guideline Health Advisory for
manganese is 0.3 mg/l.

This alternative will achieve these
guidelines since non-carcinogenic risk
resulting from exposure to
compounds identified in the Health
Advisory (e.g., manganese) will be
addressed by monitoring. Land use
controls will prevent short-term
exposure until protective levels are
reached. Would not be considered
where the background concentration
is greater than the health advisory
value.
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State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Flood Plain
Management and
Protection of
Wetlands

44 Code of Federal
Regulations (CFR) 9

Relevant
and
Appropriate

FEMA regulations that set forth the
policy, procedure and responsibilities
to implement and enforce Executive
Order 11990, Protection of
Wetlands.

Remedial alternatives conducted within
federal jurisdictional wetlands will be
implemented in compliance with these
standards.

Clean Water Act,
Section 404; Section
404(b)(1) Guidelines
for Specification of
Disposal Sites for
Dredged or Fill
Material

33 United States Code
(USC) 1344; 40 CFR
230, 231 and 33 CFR
320-323

Applicable Under this requirement, no activity
that adversely affects a wetland shall
be permitted if a practicable
alternative with lesser effects is
available. If activity takes place,
impacts must be minimized to the
maximum extent. Controls
discharges of dredged or fill material
to protect aquatic ecosystems. Filling
or discharge of dredged material will
only occur where there is no other
practicable alternative and any
adverse impacts to aquatic
ecosystems will be mitigated.

Remedial activities, such as PRB
installation may involve fill material
discharge to wetlands. If there is no
practicable alternative to the discharge,
any adverse impacts will be mitigated. A
Least Environmentally Damaging
Practicable Alternative determination to
protect wetland resources and provide the
best balance of addressing contaminated
media within and adjacent to wetlands
while minimizing both temporary and
permanent alteration of wetlands and
aquatic habitats on site will be made when
the remedy is selected.
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Federal (Continued)

Fish and Wildlife
Coordination Act

16 USC 661 et seq., Applicable Enacted to protect fish and wildlife
when federal actions result in the
control or modification of a natural
stream or body of water. Requires
federal agencies to take into
consideration the effect that water-
related projects would have on fish
and wildlife resources; to take action
to prevent loss or damage to those
resources; and to provide for the
development and improvement of
those resources.

All construction will be conducted in a
manner to mitigate impacts. Actions taken
will minimize adverse impacts to fish and
wildlife. Relevant federal and state
agencies will be contacted and allowed to
review the proposed work plan for the
fence, PRB installation, and monitoring
well installation prior to implementation.

State

Massachusetts
Endangered Species
Act

Massachusetts
General Laws (MGL)
Ch.,131A

321 Code of
Massachusetts
Regulations (CMR)
10.00

Applicable Sets out authority to research, list,
and protect any species deemed
endangered, threatened, or of other
special concern. Actions must be
conducted in a manner that
minimizes the effect on listed
Massachusetts species.

A state-listed species of special concern
(Eastern Box Turtle) has been observed at
the base, but not at the SRA site.
Appropriate measures will be taken during
remedial actions to ensure that the species
is not harmed by the alternative.
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State (Continued)
MA Wetlands
Protection Act

310 CMR 10.00 Applicable These regulations govern activities in
freshwater wetlands, 100-year
floodplains, 100-foot buffer zones
beyond such areas, and 200-foot
buffer zones to waterways.
Regulated activities include certain
types of construction and excavation
activities. Performance standards
are provided and include evaluating
the acceptability of various activities.

Any temporary disturbance of a wetland
during fence installation, PRB installation,
or monitoring well activities will be
restored.
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Federal

Resource
Conservation and
Recovery Act (RCRA)

42 USC § 6901
et seq.

Applicable Federal standards used to identify,
manage, and dispose of hazardous
waste. Massachusetts has been
delegated the authority to administer
the RCRA standards through its state
hazardous waste management
regulations.

Specific state hazardous waste standards
authorized under the Act would apply when
determining whether or not a solid waste is
hazardous, either by being listed or by
exhibiting a hazardous characteristic, such
as contaminated purge water from
groundwater sampling or contaminated
material generated from well installation or
maintenance. Existing data to not indicate
that any wastes will be hazardous.

Underground Injection
Control (UIC)

40 CFR
144,146, and
147.1100

Applicable These regulations address the
discharge of wastes, chemicals or other
substances into the subsurface. The
federal UIC program designates
injection wells incidental to aquifer
remediation and experimental
technologies as Class V wells
authorized by rule that do not require a
separate UIC permit. State
requirements apply in this case; see
310 CMR 27.00 below.

These standards regulate the injection of
biological or chemical substance into the
groundwater. In-situ treatment using
bioremediation will be conducted in
compliance with these standards.

Clean Water Act
Section 402 --
National Pollution
Discharge Elimination
System (NPDES)

40 CFR 122-
125, 131, 136

Applicable Includes discharge limitations,
monitoring requirements, and best
management practices. Substantive
requirements under NPDES are written
such that state and federal ambient
water quality criteria (AWQC) are met.

The standards apply to the digging of the
trench and any dewatering of wetlands.
The standard would apply only if there
were a discharge associated with the
remedial activities.
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Federal (Continued)

CAA

National Emission
Standards for
Hazardous Air
Pollutants (NESHAPs)

42 U.S.C § 7412

40 CFR Parts 61
and 63

Applicable The regulations establish emission
standards for 189 hazardous air
pollutants. Standards are set for
fugitive dust and other release sources.

If remedial activities generate regulated air
pollutants, then measures will be
implemented to meet the standards.

State

Hazardous Waste
Rules for Identification
and Listing of
Hazardous Wastes,

310 Code of
Massachusetts
Regulations
(CMR) 30.100

Applicable Establish requirements for determining
whether wastes are hazardous.

Defines listed and characteristic
hazardous wastes.

These regulations would apply when
determining whether or not a solid waste
generated as part of this remedial action is
classified as hazardous, such as soil from
PRB installation, contaminated purge water
from groundwater sampling, or
contaminated material generated from well
installation or maintenance. Existing data
do not indicate that any wastes will be
hazardous.

Hazardous Waste
Management Rules –
Requirements for
Generators

310 CMR
30.300

Applicable These regulations contain
requirements for generators of
hazardous waste. The regulations
apply to generators of sampling waste
and also apply to the accumulation of
waste prior to off-site disposal.

Hazardous wastes generated as part of the
remedial action will be handled in
compliance with the requirements of these
regulations.
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State (Continued)

Management
Procedures for
Remedial Wastewater
and Remedial
Additives

310 CMR
40.0040

Applicable Establishes requirements and
procedures for the management of
remedial wastewater and/or remedial
additives, and for the construction,
installation, modification, operation and
maintenance of treatment works for
the management of remedial
wastewater and/or remedial additives.

These regulations would apply to remedial
actions involve underground injection, such
as an electron donor for replenishment of
PRBs. To ensure that the remedial action
complies with the substantive requirements
of these regulations, the proposed
quantities to be injected will be included in
the design and submitted to EPA and
MassDEP for comment and concurrence
and the groundwater monitoring program
will assess the impact of the injected
compounds.

Underground Injection
Control Program

310 CMR 27.00 Applicable The federal Underground Injection
Control program under the Safe
Drinking Water Act has been
delegated to the Commonwealth of
Massachusetts. Establishes a State
Underground Injection Control
Program consistent with federal
requirements to protect underground
sources of drinking water.

The regulations apply to remedial actions
involving underground injection, including
use of electron donor for replenishment of
PRBs. To ensure that the remedial action
complies with the substantive requirements
of these regulations, the proposed
quantities to be injected will be included in
the design and submitted to EPA and
MassDEP for comment and concurrence
and the groundwater monitoring program
will assess the impact of the injected
compounds.
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State (Continued)

Certification of Well
Drillers and Filing of
Well Completion
Reports

313 CMR 3.03
(predecessor
regulations);

310 CMR 46

Applicable Requirements relating to well
abandonment

Well drillers will follow all regulatory
requirements for drilling and
decommissioning of wells.

Standard References
for Monitoring Wells

WSC-310-91
MADEP April
1991

To Be
Considered

This guidance describes the technical
requirements for locating, drilling,
installing, sampling and
decommissioning monitoring wells.

Applies to wells installed for monitoring.

Erosion and Sediment
Control Guidance

To Be
Considered

This guidance includes standards for
preventing erosion and sedimentation.

Remedial actions, particularly PRB
installation and installation and
maintenance of wells and other
components of the remedy, will be
managed to control erosion and
sedimentation.

Air Pollution Control -
Dust, Odor,
Construction and
Demolition

310 CMR 7.09 Applicable Requires control of dust and
particulate emissions from construction
operations.

Water sprays and other dust suppression
methods will control dust from excavation
and backfill of PRBs.
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Federal

Cancer Slope
Factors (CSFs)

US EPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, the PRB
will reduce concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.

Reference Doses
(RfDs)

US EPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, the PRB
will reduce concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.
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Federal (continued)

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential
carcinogenic risks caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, the PRB
will reduce concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/R-03/003F

March 2005

TBC Guidance for assessing cancer risks in
children

Used to calculate potential
carcinogenic risks to children caused
by exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, the PRB
will reduce concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.
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Federal (Continued)

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor intrusion
risk.

Since the future use includes
structures on the site, assessment of
potential vapor intrusion risks will be
conducted in accordance with the
guidance and LUCs that address
building design and construction
methods will control exposure.

Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of risk
due to consumption of contaminated
drinking water; they consider non-
carcinogenic effects only. To be
considered for contaminants which do
not have chemical-specific ARARs
where groundwater may be used for
drinking water. The non-enforceable
federal guideline Health Advisory for
manganese is 0.3 mg/l.

This alternative will achieve these
guidelines since non-carcinogenic risk
resulting from exposure to
compounds identified in the Health
Advisory (e.g., manganese) will be
addressed by monitoring. Land use
controls will prevent short-term
exposure until protective levels are
reached. Would not be considered
where the background concentration
is greater than the health advisory
value.
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State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Floodplain
Management and
Protection of
Wetlands

44 Code of Federal
Regulations (CFR) 9

Relevant
and
Appropriate

FEMA regulations that set forth the
policy, procedure and responsibilities
to implement and enforce Executive
Order 11990, Protection of
Wetlands.

Remedial alternatives such as PRB
installation conducted within federal
jurisdictional wetlands will be implemented
in compliance with these standards.

Clean Water Act,
Section 404; Section
404(b)(1) Guidelines
for Specification of
Disposal Sites for
Dredged or Fill
Material

33 United States Code
(USC) 1344; 40 CFR
230, 231 and 33 CFR
320-323

Applicable Under this requirement, no activity
that adversely affects a wetland shall
be permitted if a practicable
alternative with lesser effects is
available. If activity takes place,
impacts must be minimized to the
maximum extent. Controls
discharges of dredged or fill material
to protect aquatic ecosystems. Filling
or discharge of dredged material will
only occur where there is no other
practicable alternative and any
adverse impacts to aquatic
ecosystems will be mitigated.

Remedial activities, such as PRB
installation may involve fill material
discharge to wetlands. If there is no
practicable alternative to the discharge,
any adverse impacts will be mitigated. A
Least Environmentally Damaging
Practicable Alternative determination to
protect wetland resources and provide the
best balance of addressing contaminated
media within and adjacent to wetlands
while minimizing both temporary and
permanent alteration of wetlands and
aquatic habitats on site will be made when
the remedy is selected.
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Federal (Continued)

Fish and Wildlife
Coordination Act

16 USC 661 et seq., Applicable Enacted to protect fish and wildlife
when federal actions result in the
control or modification of a natural
stream or body of water. Requires
federal agencies to take into
consideration the effect that water-
related projects would have on fish
and wildlife resources; to take action
to prevent loss or damage to those
resources; and to provide for the
development and improvement of
those resources.

All construction will be conducted in a
manner to mitigate impacts. Actions taken
will minimize adverse impacts to fish and
wildlife. Relevant federal and state
agencies will be contacted and allowed to
review the proposed work plan for the
fence, PRB installation, and monitoring
well installation prior to implementation.

State

Massachusetts
Endangered Species
Act

Massachusetts
General Laws (MGL)
Ch.,131A

321; Code of
Massachusetts
Regulations (CMR)
10.00

Applicable Sets out authority to research, list,
and protect any species deemed
endangered, threatened, or of other
special concern. Actions must be
conducted in a manner that
minimizes the effect on listed
Massachusetts species.

A state-listed species of special concern
(Eastern Box Turtle) has been observed at
the base, but not at the SRA site.
Appropriate measures will be taken during
remedial actions to ensure that the species
is not harmed by the alternative.
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State (Continued)
MA Wetlands
Protection Act

310 CMR 10.00 Applicable These regulations govern activities in
freshwater wetlands, 100-year
floodplains, 100-foot buffer zones
beyond such areas, and 200-foot
buffer zones to waterways.
Regulated activities include certain
types of construction and excavation
activities. Performance standards
are provided and include evaluating
the acceptability of various activities.

Any temporary disturbance of a wetland
during fence installation, PRB installation,
or monitoring well activities will be
restored.
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Federal

Resource
Conservation and
Recovery Act (RCRA)

42 USC § 6901
et seq.

Applicable Federal standards used to identify,
manage, and dispose of hazardous
waste. Massachusetts has been
delegated the authority to administer
the RCRA standards through its state
hazardous waste management
regulations.

Specific state hazardous waste standards
authorized under the Act would apply when
determining whether or not a solid waste is
hazardous, either by being listed or by
exhibiting a hazardous characteristic, such
as contaminated purge water from
groundwater sampling or contaminated
material generated from well installation or
maintenance. Existing data to not indicate
that any wastes will be hazardous.

Underground Injection
Control (UIC)

40 CFR
144,146, and
147.1100

Applicable These regulations address the
discharge of wastes, chemicals or other
substances into the subsurface. The
federal UIC program designates
injection wells incidental to aquifer
remediation and experimental
technologies as Class V wells
authorized by rule that do not require a
separate UIC permit. State
requirements apply in this case; see
310 CMR 27.00 below.

These standards regulate the injection of
biological or chemical substance into the
groundwater. In-situ treatment using
bioremediation will be conducted in
compliance with these standards.

Clean Water Act
Section 402 --
National Pollution
Discharge Elimination
System (NPDES)

40 CFR 122-
125, 131, 136

Applicable Includes discharge limitations,
monitoring requirements, and best
management practices. Substantive
requirements under NPDES are written
such that state and federal ambient
water quality criteria (AWQC) are met.

The standards apply to the digging of the
trench and any dewatering of wetlands.
The standard would apply only if there
were a discharge associated with the
remedial activities.
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Federal (Continued)

CAA

National Emission
Standards for
Hazardous Air
Pollutants (NESHAPs)

42 U.S.C §
7412

40 CFR Parts
61 and 63

Applicable The regulations establish emission
standards for 189 hazardous air
pollutants. Standards are set for
fugitive dust and other release
sources.

If remedial activities generate regulated air
pollutants, then measures will be
implemented to meet the standards.

State

Hazardous Waste
Rules for Identification
and Listing of
Hazardous Wastes,

310 Code of
Massachusetts
Regulations
(CMR) 30.100

Applicable Establish requirements for determining
whether wastes are hazardous.

Defines listed and characteristic
hazardous wastes.

These regulations would apply when
determining whether or not a solid waste
generated as part of this remedial action is
classified as hazardous, such as soil from
PRB installation, contaminated purge water
from groundwater sampling, or
contaminated material generated from well
installation or maintenance. Existing data
do not indicate that any wastes will be
hazardous.

Hazardous Waste
Management Rules –
Requirements for
Generators

310 CMR
30.300

Applicable These regulations contain
requirements for generators of
hazardous waste. The regulations
apply to generators of sampling waste
and also apply to the accumulation of
waste prior to off-site disposal.

Hazardous wastes generated as part of the
remedial action will be handled in
compliance with the requirements of these
regulations.



TABLE 4-10

FEDERAL AND STATE ACTION-SPECIFIC ARARs - ALTERNATIVE G-4 – TWO OVERBURDEN PRBs, MONITORING, ENGINEERING
CONTROLS, AND LUCs

SOLVENT RELEASE AREA FEASIBILITY STUDY
FORMER NAVAL AIR STATION SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 3 OF 4

Requirement Citation Status Synopsis Evaluation/Action To Be Taken

State (Continued)

Management
Procedures for
Remedial Wastewater
and Remedial
Additives

310 CMR
40.0040

Applicable Establishes requirements and
procedures for the management of
remedial wastewater and/or remedial
additives, and for the construction,
installation, modification, operation
and maintenance of treatment works
for the management of remedial
wastewater and/or remedial additives.

These regulations would apply to remedial
actions involve underground injection, such
as an electron donor for replenishment of
PRBs. To ensure that the remedial action
complies with the substantive requirements
of these regulations, the proposed quantities
to be injected will be included in the design
and submitted to EPA and MassDEP for
comment and concurrence and the
groundwater monitoring program will assess
the impact of the injected compounds.

Underground Injection
Control Program

310 CMR 27.00 Applicable The federal Underground Injection
Control program under the Safe
Drinking Water Act has been
delegated to the Commonwealth of
Massachusetts. Establishes a State
Underground Injection Control
Program consistent with federal
requirements to protect underground
sources of drinking water.

The regulations apply to remedial actions
involving underground injection, including
use of electron donor for replenishment of
PRBs. To ensure that the remedial action
complies with the substantive requirements
of these regulations, the proposed quantities
to be injected will be included in the design
and submitted to EPA and MassDEP for
comment and concurrence and the
groundwater monitoring program will assess
the impact of the injected compounds.

Certification of Well
Drillers and Filing of
Well Completion
Reports

313 CMR 3.03
(predecessor
regulations);

310 CMR 46

Applicable Requirements relating to well
abandonment

Well drillers will follow all regulatory
requirements for drilling and
decommissioning of wells.
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State (Continued)

Standard References
for Monitoring Wells

WSC-310-91
MADEP April
1991

To Be
Considered

This guidance describes the technical
requirements for locating, drilling,
installing, sampling and
decommissioning monitoring wells.

Applies to wells installed for monitoring.

Erosion and Sediment
Control Guidance

To Be
Considered

This guidance includes standards for
preventing erosion and sedimentation.

Remedial actions, particularly PRB
installation and installation and maintenance
of wells and other components of the
remedy, will be managed to control erosion
and sedimentation.

Air Pollution Control -
Dust, Odor,
Construction and
Demolition

310 CMR 7.09 Applicable Requires control of dust and
particulate emissions from
construction operations.

Water sprays and other dust suppression
methods will control dust from excavation
and backfill of PRBs.
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Federal

Cancer Slope
Factors (CSFs)

US EPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.

Reference Doses
(RfDs)

US EPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.
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Federal (Continued)

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential
carcinogenic risks caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/r-03/003F

March 2005

TBC Guidance for assessing cancer risks in
children

Used to calculate potential
carcinogenic risks to children caused
by exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRB will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.
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Federal (Continued)

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor intrusion
risk.

Since the future use includes
structures on the site, assessment of
potential vapor intrusion risks will be
conducted in accordance with the
guidance and LUCs that address
building design and construction
methods will control exposure.

Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of risk
due to consumption of contaminated
drinking water; they consider non-
carcinogenic effects only. To be
considered for contaminants which do
not have chemical-specific ARARs
where groundwater may be used for
drinking water. The non-enforceable
federal guideline Health Advisory for
manganese is 0.3 mg/l.

This alternative will achieve these
guidelines since non-carcinogenic risk
resulting from exposure to
compounds identified in the Health
Advisory (e.g., manganese) will be
addressed by monitoring. Land use
controls will prevent short-term
exposure until protective levels are
reached. Would not be considered
where the background concentration
is greater than the health advisory
value.
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State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Floodplain
Management and
Protection of
Wetlands

44 Code of Federal
Regulations (CFR) 9

Relevant
and
Appropriate

FEMA regulations that set forth the
policy, procedure and responsibilities
to implement and enforce Executive
Order 11990, Protection of
Wetlands.

Remedial alternatives such as source area
treatment conducted within federal
jurisdictional wetlands will be implemented
in compliance with these standards.

Clean Water Act,
Section 404; Section
404(b)(1) Guidelines
for Specification of
Disposal Sites for
Dredged or Fill
Material

33 United States Code
(USC) 1344; 40 CFR
230, 231 and 33 CFR
320-323

Applicable Under this requirement, no activity
that adversely affects a wetland shall
be permitted if a practicable
alternative with lesser effects is
available. If activity takes place,
impacts must be minimized to the
maximum extent. Controls
discharges of dredged or fill material
to protect aquatic ecosystems. Filling
or discharge of dredged material will
only occur where there is no other
practicable alternative and any
adverse impacts to aquatic
ecosystems will be mitigated.

Remedial activities, such as source area
treatment will involve fill material discharge
to wetlands. If there is no practicable
alternative to the discharge, any adverse
impacts must be minimized and mitigated.
A Least Environmentally Damaging
Practicable Alternative determination to
protect wetland resources and provide the
best balance of addressing contaminated
media within and adjacent to wetlands
while minimizing both temporary and
permanent alteration of wetlands and
aquatic habitats on site will be made when
the remedy is selected.
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Federal (Continued)

Fish and Wildlife
Coordination Act

16 USC 661 et seq., Applicable Enacted to protect fish and wildlife
when federal actions result in the
control or modification of a natural
stream or body of water. Requires
federal agencies to take into
consideration the effect that water-
related projects would have on fish
and wildlife resources; to take action
to prevent loss or damage to those
resources; and to provide for the
development and improvement of
those resources.

All construction will be conducted in a
manner to mitigate impacts. Actions taken
will minimize adverse impacts to fish and
wildlife. Relevant federal and state
agencies will be contacted and allowed to
review the proposed work plan for the
fence, source area treatment, PRB
installation, and monitoring well installation
prior to implementation.

State

Massachusetts
Endangered Species
Act

Massachusetts
General Laws (MGL)
Ch.,131A

321; Code of
Massachusetts
Regulations (CMR)
10.00

Applicable Sets out authority to research, list,
and protect any species deemed
endangered, threatened, or of other
special concern. Actions must be
conducted in a manner that
minimizes the effect on listed
Massachusetts species.

A state-listed species of special concern
(Eastern Box Turtle) has been observed at
the base, but not at the SRA site.
Appropriate measures will be taken during
remedial actions to ensure that the species
is not harmed by the alternative.
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State (Continued)
MA Wetlands
Protection Act

310 CMR 10.00 Applicable These regulations govern activities in
freshwater wetlands, 100-year
floodplains, 100-foot buffer zones
beyond such areas, and 200-foot
buffer zones to waterways.
Regulated activities include certain
types of construction and excavation
activities. Performance standards
are provided and include evaluating
the acceptability of various activities.

Any temporary disturbance of a wetland
during fence installation, source area
treatment, PRB installation, or monitoring
well activities will be restored.
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Federal

Resource
Conservation and
Recovery Act (RCRA)

42 USC § 6901
et seq.

Applicable Federal standards used to identify,
manage, and dispose of hazardous
waste. Massachusetts has been
delegated the authority to administer
the RCRA standards through its state
hazardous waste management
regulations.

Specific state hazardous waste standards
authorized under the Act would apply when
determining whether or not a solid waste is
hazardous, either by being listed or by
exhibiting a hazardous characteristic, such
as contaminated purge water from
groundwater sampling or contaminated
material generated from well installation or
maintenance. Existing data to not indicate
that any wastes will be hazardous.

Underground Injection
Control (UIC)

40 CFR
144,146, and
147.1100

Applicable These regulations address the
discharge of wastes, chemicals or other
substances into the subsurface. The
federal UIC program designates
injection wells incidental to aquifer
remediation and experimental
technologies as Class V wells
authorized by rule that do not require a
separate UIC permit. State
requirements apply in this case; see
310 CMR 27.00 below.

These standards regulate the injection of
biological or chemical substance into the
groundwater. In-situ treatment using
bioremediation will be conducted in
compliance with these standards.

Clean Water Act
Section 402 --
National Pollution
Discharge Elimination
System (NPDES)

40 CFR 122-
125, 131, 136

Applicable Includes discharge limitations,
monitoring requirements, and best
management practices. Substantive
requirements under NPDES are written
such that state and federal ambient
water quality criteria (AWQC) are met.

The standards apply to the digging of the
trench and any dewatering of wetlands.
The standard would apply only if there
were a discharge associated with the
remedial activities.
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Federal (Continued)

CAA

National Emission
Standards for
Hazardous Air
Pollutants (NESHAPs)

42 U.S.C § 7412

40 CFR Parts 61
and 63

Applicable The regulations establish emission
standards for 189 hazardous air
pollutants. Standards are set for
fugitive dust and other release sources.

If remedial activities generate regulated air
pollutants, then measures will be
implemented to meet the standards.

State

Hazardous Waste
Rules for Identification
and Listing of
Hazardous Wastes,

310 Code of
Massachusetts
Regulations
(CMR) 30.100

Applicable Establish requirements for determining
whether wastes are hazardous.

Defines listed and characteristic
hazardous wastes.

These regulations would apply when
determining whether or not a solid waste
generated as part of this remedial action is
classified as hazardous, such as soil
cuttings from injection wells, soil from PRB
installation, contaminated purge water from
groundwater sampling or contaminated
material generated from well installation or
maintenance. Existing data do not indicate
that any wastes will be hazardous, other
than soil cuttings from wells in the source
area.

Hazardous Waste
Management Rules –
Requirements for
Generators

310 CMR
30.300

Applicable These regulations contain requirements
for generators of hazardous waste.
The regulations apply to generators of
sampling waste and also apply to the
accumulation of waste prior to off-site
disposal.

Hazardous wastes generated as part of the
remedial action will be handled in
compliance with the requirements of these
regulations.
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State (Continued)

Management
Procedures for
Remedial Wastewater
and Remedial
Additives

310 CMR
40.0040

Applicable Establishes requirements and
procedures for the management of
remedial wastewater and/or remedial
additives, and for the construction,
installation, modification, operation and
maintenance of treatment works for the
management of remedial wastewater
and/or remedial additives.

These regulations would apply to remedial
actions that involve underground injection,
such as an electron donor for
bioremediation of source area. To ensure
that the remedial action complies with the
substantive requirements of these
regulations, the proposed quantities to be
injected will be included in the design and
submitted to EPA and MassDEP for
comment and concurrence and the
groundwater monitoring program will
assess the impact of the injected
compounds.

Underground Injection
Control Program

310 CMR 27.00 Applicable The federal Underground Injection
Control program under the Safe
Drinking Water Act has been delegated
to the Commonwealth of
Massachusetts. Establishes a State
Underground Injection Control Program
consistent with federal requirements to
protect underground sources of
drinking water.

The regulations apply to remedial actions
involving underground injection, including
use of bioremediation agents. To ensure
that the remedial action complies with the
substantive requirements of these
regulations, the proposed quantities to be
injected will be included in the design and
submitted to EPA and MassDEP for
comment and concurrence and the
groundwater monitoring program will
assess the impact of the injected
compounds.
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State (Continued)

Certification of Well
Drillers and Filing of
Well Completion
Reports

313 CMR 3.03
(predecessor
regulations);

310 CMR 46

Applicable Requirements relating to well
abandonment

Well drillers will follow all regulatory
requirements for drilling and
decommissioning of wells.

Standard References
for Monitoring Wells

WSC-310-91
MADEP April
1991

To Be
Considered

This guidance describes the technical
requirements for locating, drilling,
installing, sampling and
decommissioning monitoring wells.

Applies to wells installed for monitoring
and/or groundwater treatment.

Erosion and Sediment
Control Guidance

To Be
Considered

This guidance includes standards for
preventing erosion and sedimentation.

Remedial actions, particularly installation
and maintenance of wells and other
components of the remedy, will be
managed to control erosion and
sedimentation.

Air Pollution Control -
Dust, Odor,
Construction and
Demolition

310 CMR 7.09 Applicable Requires control of dust and particulate
emissions from construction
operations.

Water sprays and other dust suppression
methods will control dust from excavation
and backfill of PRBs.
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Federal

Cancer Slope
Factors (CSFs)

US EPA, Integrated Risk
Information System

To be
considered
(TBC)

Guidance used to compute individual
incremental cancer risk resulting from
exposure to carcinogenic contaminants
in site media

Used to compute the individual
incremental cancer risk resulting from
exposure to carcinogenic
contaminants in site media. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRBs will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.

Reference Doses
(RfDs)

US EPA, Integrated Risk
Information System

TBC Guidance used to compute human
health hazard resulting from exposure
to non-carcinogens in site media

Used to calculate potential non-
carcinogenic hazards caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRBs will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.
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Federal (Continued)

Guidelines for
Carcinogen Risk
Assessment

EPA/630/p-03/001F

March 2005

TBC Guidelines for assessing cancer risk Used to calculate potential
carcinogenic risks caused by
exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRBs will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.

Supplemental
Guidance for
Assessing
Susceptibility
from Early-Life
Exposure to
Carcinogens

EPA.630/r-03/003F

March 2005

TBC Guidance for assessing cancer risks in
children

Used to calculate potential
carcinogenic risks to children caused
by exposure to contaminants. This
alternative will meet the risk-based
cleanup goals developed through the
use of this guidance because the
fence and PRBs will prevent exposure
to COCs in surface water, source
area treatment and PRBs will reduce
the concentrations of COCs in
groundwater, and LUCs will prevent
exposure to COCs in groundwater.
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Federal (Continued)

Draft Guidance
for Evaluating
Vapor Intrusion
to Indoor Air
Pathways from
Groundwater and
Soils
(Subsurface
Vapor Intrusion
Guidance)

EPA 530-D-02-004

November, 2002

TBC Guidance for assessing vapor intrusion
risk.

Since the future use includes
structures on the site, assessment of
potential vapor intrusion risks will be
conducted in accordance with the
guidance and LUCs that address
building design and construction
methods will control exposure.

Health
Advisories

EPA Office of Drinking
Water, EPA-822-R-04-
003, January, 2004

TBC Health Advisories are estimates of risk
due to consumption of contaminated
drinking water; they consider non-
carcinogenic effects only. To be
considered for contaminants which do
not have chemical-specific ARARs
where groundwater may be used for
drinking water. The non-enforceable
federal guideline Health Advisory for
manganese is 0.3 mg/l.

This alternative will achieve these
guidelines since non-carcinogenic risk
resulting from exposure to
compounds identified in the Health
Advisory (e.g., manganese) will be
addressed by monitoring. Land use
controls will prevent short-term
exposure until protective levels are
reached. Would not be considered
where the background concentration
is greater than the health advisory
value.
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State

Massachusetts
Contingency
Plan – GW-3
Standards

310 CMR 40.0974(2) TBC Least protective state cleanup
standards.

Risk-based PRGs will be compared to
the GW-3 standards, and the GW-3
standards will be used when less than
the risk-based PRGs.
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Federal

Floodplain
Management and
Protection of
Wetlands

44 Code of Federal
Regulations (CFR) 9

Relevant
and
Appropriate

FEMA regulations that set forth the
policy, procedure and responsibilities
to implement and enforce Executive
Order 11990, Protection of
Wetlands.

Remedial alternatives such as source area
treatment conducted within federal
jurisdictional wetlands will be implemented
in compliance with these standards.

Clean Water Act,
Section 404; Section
404(b)(1) Guidelines
for Specification of
Disposal Sites for
Dredged or Fill
Material

33 United States Code
(USC) 1344; 40 CFR
230, 231 and 33 CFR
320-323

Applicable Under this requirement, no activity
that adversely affects a wetland shall
be permitted if a practicable
alternative with lesser effects is
available. If activity takes place,
impacts must be minimized to the
maximum extent. Controls
discharges of dredged or fill material
to protect aquatic ecosystems. Filling
or discharge of dredged material will
only occur where there is no other
practicable alternative and any
adverse impacts to aquatic
ecosystems will be mitigated.

Remedial activities, such as source area
treatment will involve fill material discharge
to wetlands. If there is no practicable
alternative to the discharge, any adverse
impacts must be minimized and mitigated.
A Least Environmentally Damaging
Practicable Alternative determination to
protect wetland resources and provide the
best balance of addressing contaminated
media within and adjacent to wetlands with
minimizing both temporary and permanent
alteration of wetlands and aquatic habitats
on site will be made when the remedy is
selected.
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Federal (Continued)

Fish and Wildlife
Coordination Act

16 USC 661 et seq., Applicable Enacted to protect fish and wildlife
when federal actions result in the
control or modification of a natural
stream or body of water. Requires
federal agencies to take into
consideration the effect that water-
related projects would have on fish
and wildlife resources; to take action
to prevent loss or damage to those
resources; and to provide for the
development and improvement of
those resources.

All construction will be conducted in a
manner to mitigate impacts. Actions taken
will minimize adverse impacts to fish and
wildlife. Relevant federal and state
agencies will be contacted and allowed to
review the proposed work plan for the
fence, source area treatment, PRB
installation, and monitoring well installation
prior to implementation.

State

Massachusetts
Endangered Species
Act

Massachusetts
General Laws (MGL)
Ch.,131A

321; Code of
Massachusetts
Regulations (CMR)
10.00

Applicable Sets out authority to research, list,
and protect any species deemed
endangered, threatened, or of other
special concern. Actions must be
conducted in a manner that
minimizes the effect on listed
Massachusetts species.

A state-listed species of special concern
(Eastern Box Turtle) has been observed at
the base, but not at the SRA site.
Appropriate measures will be taken during
remedial actions to ensure that the species
is not harmed by the alternative.
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State (Continued)
MA Wetlands
Protection Act

310 CMR 10.00 Applicable These regulations govern activities in
freshwater wetlands, 100-year
floodplains, 100-foot buffer zones
beyond such areas, and 200-foot
buffer zones to waterways.
Regulated activities include certain
types of construction and excavation
activities. Performance standards
are provided and include evaluating
the acceptability of various activities.

Any temporary disturbance of a wetland
during fence installation, source area
treatment, PRB installation, or monitoring
well activities will be restored.
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Federal

Resource
Conservation and
Recovery Act (RCRA)

42 USC § 6901
et seq.

Applicable Federal standards used to identify,
manage, and dispose of hazardous
waste. Massachusetts has been
delegated the authority to administer
the RCRA standards through its state
hazardous waste management
regulations.

Specific state hazardous waste standards
authorized under the Act would apply when
determining whether or not a solid waste is
hazardous, either by being listed or by
exhibiting a hazardous characteristic, such
as contaminated purge water from
groundwater sampling or contaminated
material generated from well installation or
maintenance. Existing data to not indicate
that any wastes will be hazardous.

Underground Injection
Control (UIC)

40 CFR
144,146, and
147.1100

Applicable These regulations address the
discharge of wastes, chemicals or
other substances into the subsurface.
The federal UIC program designates
injection wells incidental to aquifer
remediation and experimental
technologies as Class V wells
authorized by rule that do not require a
separate UIC permit. State
requirements apply in this case; see
310 CMR 27.00 below.

These standards regulate the injection of
biological or chemical substance into the
groundwater. In-situ treatment using
bioremediation will be conducted in
compliance with these standards.

Clean Water Act
Section 402 --
National Pollution
Discharge Elimination
System (NPDES)

40 CFR 122-
125, 131, 136

Applicable Includes discharge limitations,
monitoring requirements, and best
management practices. Substantive
requirements under NPDES are written
such that state and federal ambient
water quality criteria (AWQC) are met.

The standards apply to the digging of the
trench and any dewatering of wetlands.
The standard would apply only if there
were a discharge associated with the
remedial activities.
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Federal (Continued)

CAA

National Emission
Standards for
Hazardous Air
Pollutants (NESHAPs)

42 U.S.C § 7412

40 CFR Parts 61
and 63

Applicable The regulations establish emission
standards for 189 hazardous air
pollutants. Standards are set for
fugitive dust and other release
sources.

If remedial activities generate regulated air
pollutants, then measures will be
implemented to meet the standards.

State

Hazardous Waste
Rules for Identification
and Listing of
Hazardous Wastes,

310 Code of
Massachusetts
Regulations
(CMR) 30.100

Applicable Establish requirements for determining
whether wastes are hazardous.

Defines listed and characteristic
hazardous wastes.

These regulations would apply when
determining whether or not a solid waste
generated as part of this remedial action is
classified as hazardous, such as soil
cuttings from injection wells, soil from PRB
installation, contaminated purge water from
groundwater sampling or contaminated
material generated from well installation or
maintenance. Existing data do not indicate
that any wastes will be hazardous, other
than soil cuttings from wells in the source
area.

Hazardous Waste
Management Rules –
Requirements for
Generators

310 CMR
30.300

Applicable These regulations contain
requirements for generators of
hazardous waste. The regulations
apply to generators of sampling waste
and also apply to the accumulation of
waste prior to off-site disposal.

Hazardous wastes generated as part of the
remedial action will be handled in
compliance with the requirements of these
regulations.
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State (Continued)

Management
Procedures for
Remedial Wastewater
and Remedial
Additives

310 CMR
40.0040

Applicable Establishes requirements and
procedures for the management of
remedial wastewater and/or remedial
additives, and for the construction,
installation, modification, operation
and maintenance of treatment works
for the management of remedial
wastewater and/or remedial additives.

These regulations would apply to remedial
actions that involve underground injection,
such as an electron donor for
bioremediation of source area. To ensure
that the remedial action complies with the
substantive requirements of these
regulations, the proposed quantities to be
injected will be included in the design and
submitted to EPA and MassDEP for
comment and concurrence and the
groundwater monitoring program will
assess the impact of the injected
compounds.

Underground Injection
Control Program

310 CMR 27.00 Applicable The federal Underground Injection
Control program under the Safe
Drinking Water Act has been
delegated to the Commonwealth of
Massachusetts. Establishes a State
Underground Injection Control
Program consistent with federal
requirements to protect underground
sources of drinking water.

The regulations apply to remedial actions
involving underground injection, including
use of bioremediation agents. To ensure
that the remedial action complies with the
substantive requirements of these
regulations, the proposed quantities to be
injected will be included in the design and
submitted to EPA and MassDEP for
comment and concurrence and the
groundwater monitoring program will
assess the impact of the injected
compounds.
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State (Continued)

Certification of Well
Drillers and Filing of
Well Completion
Reports

313 CMR 3.03
(predecessor
regulations);

310 CMR 46

Applicable Requirements relating to well
abandonment

Well drillers will follow all regulatory
requirements for drilling and
decommissioning of wells.

Standard References
for Monitoring Wells

WSC-310-91
MADEP April
1991

To Be
Considered

This guidance describes the technical
requirements for locating, drilling,
installing, sampling and
decommissioning monitoring wells.

Applies to wells installed for monitoring
and/or groundwater treatment.

Erosion and Sediment
Control Guidance

To Be
Considered

This guidance includes standards for
preventing erosion and sedimentation.

Remedial actions, particularly installation
and maintenance of wells and other
components of the remedy, will be
managed to control erosion and
sedimentation.

Air Pollution Control -
Dust, Odor,
Construction and
Demolition

310 CMR 7.09 Applicable Requires control of dust and
particulate emissions from
construction operations.

Water sprays and other dust suppression
methods will control dust from excavation
and backfill of PRBs.
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5.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

This section compares the analyses for each of the groundwater remedial alternatives presented in

Section 4.0 of this FS. The criteria for comparison are identical to those used for the detailed analysis of

individual alternatives.

5.1 COMPARISON OF GROUNDWATER REMEDIAL ALTERNATIVES BY CRITERIA

The following remedial alternatives for the SRA are compared in this section:

 Alternative G-1: No Action

 Alternative G-2: Monitoring, Engineering Controls, and LUCs

 Alternative G-3: One Overburden PRB, Monitoring, Engineering Controls, and LUCs

 Alternative G-4: Two Overburden PRBs, Monitoring, Engineering Controls, and LUCs

 Alternative G-5: Overburden and Bedrock Source Zones Enhanced Bioremediation, One Overburden

PRB, Monitoring, Engineering Controls, and LUCs

 Alternative G-5A: Overburden and Bedrock Source Zones Enhanced Bioremediation, Two

Overburden PRBs, Monitoring, Engineering Controls, and LUCs

5.1.1 Overall Protection of Human Health and the Environment

Alternatives G-2 through G-5A would all provide protection to human health and the environment.

Engineering Controls and LUCs would provide protection of human health until PRGs are met by

restricting the use of groundwater and by preventing exposure through vapor intrusion by controlling

building design and construction methods. Alternative G-5A would provide the greatest protection

because it treats the high-PCE concentration source areas in overburden and bedrock with enhanced

bioremediation and part of the plume with two PRBs. Alternative G-5 would provide the next greatest

protection because it treats the high-PCE concentration source areas in overburden and bedrock with

enhanced bioremediation and part of the plume with one PRB. Alternatives G-4 and G-3 would provide

the third best protection because they would contain the overburden PCE plume and passively treat it as

groundwater flows through the mulch PRBs. In Alternative G-2, COCs would persist for the longest time

because no treatment would be performed.
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Monitoring would be effective in detecting the potential migration of the plume and presence of COCs in

the EMD surface water and in evaluating the progress of the remediation.

Alternative G-1 would provide no protection of human health and the environment. The absence of

engineering controls and LUCs would allow for potential receptor exposure and because no monitoring

would be performed, potential migration of COCs would not be detected.

5.1.2 Compliance with ARARs and TBCs

Alternatives G-2 through G-5A would comply with location- and action-specific ARARs and TBCs.

Alternatives G-2 through G-5A would not immediately comply with chemical-specific ARARs and TBCs,

but these alternatives would eventually achieve compliance as they attain PRGs through a combination of

in-situ treatment and LUCs.

Alternative G-1 would not comply with chemical-specific ARARs because there would be no restrictions to

exposure. Location-specific and action-specific ARARs or TBCs would not apply.

5.1.3 Long-Term Effectiveness and Permanence

Alternatives G-2 through G-5A would provide long-term effectiveness and permanence through a

combination of monitoring, engineering controls, and LUCs and treatment for Alternatives G-3 through

G-5A. For Alternatives G-2 through G-5A, engineering controls and LUCs could be maintained until

PRGs are met. Alternatives G-5 and G-5A would provide the greatest long-term effectiveness and

permanence since both overburden and bedrock groundwater will be treated. Alternative G-5A would

provide slightly greater long-term effectiveness by providing treatment directly to another part of the

plume with the second PRB. The second PRB would shorten the duration of the alternative and reduce

the long-term operations and maintenance requirements.

Alternative G-1 would have no long-term effectiveness and permanence because there would be no

LUCs to restrict site use and building construction methods, and the potential would also exist for

unacceptable risk for human receptors through groundwater use and vapor intrusion. Since there would

be no groundwater monitoring, migration of COCs would not be detected.

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternatives G-3 through G-5A would achieve reductions in COC toxicity and volume through treatment.
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Alternatives G-3, G-4, G-5, and G-5A would permanently remove PCE from groundwater flowing through

the PRBs. In addition, Alternatives G-5 and G-5A would permanently remove PCE from groundwater in

the TTZs through source area enhanced bioremediation.

Alternatives G-3 through G-5A would not generate treatment residues, although concentrations of

manganese and iron may increase as a result of the reducing conditions created by the bioremediation

processes.

Alternatives G-1 and G-2 would not achieve any reduction of toxicity, mobility, or volume of COCs

because no treatment would occur.

5.1.5 Short-Term Effectiveness

Short-term effects of Alternatives G-2 through G-5A would result in a possibility of exposing site workers

to contaminated groundwater during the maintenance and sampling of existing monitoring wells and

during remedial construction and operation. Alternative G-2 would result in the lowest short-term risk,

with the potential for exposure only during groundwater sampling. Alternative G-3 would have a higher

potential for short term exposure with excavation of contaminated saturated soil during installation of the

mulch PRB north of the EMD. Alternative G-4 would have the next higher potential short term exposure

because of the installation of the second mulch PRB at the upland edge. Alternative G-5A would have

the greatest potential for short-term exposure during groundwater sampling, enhanced bioremediation

injection well installation, and excavation of contaminated saturated soil during construction of the mulch

PRBs. Alternative G-5 would have the next greatest potential for short-term exposure during groundwater

sampling, enhanced bioremediation injection well installation, and excavation of contaminated saturated

soil during construction of the single mulch PRB. However, for these alternatives the risks of exposure

would be effectively controlled by wearing appropriate PPE and compliance with proper site-specific

health and safety procedures.

Implementation of the groundwater alternatives that have treatment components would have slight

adverse impacts on the surrounding community or environment. Alternative G-3 would have the least

impact due to the transport of contaminated soil from the mulch PRB for off-site disposal.

Alternatives G-4 and G-5A would have the highest impacts due to transport of more contaminated soil

from the second mulch PRB for off-site disposal.

Implementation of Alternatives G-5 and G-5A would result in the destruction of wetland areas that must

be mitigated.
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Alternatives G-2 through G-5A would achieve groundwater RAO Nos. 1 through 3 immediately upon

implementation of LUCs and monitoring. Construction activities associated with Alternatives G-3, G-4,

G-5, and G-5A would be completed in 1 month, 1 month, 3 months, and 4 months, respectively. For

Alternatives G-3 through G-5A, replenishment of organic substrate in the PRBs by ED injection would be

completed in approximately 2 weeks every 5 years after the installation of the PRBs. Monitoring and five-

year reviews would be used to confirm that RAO No. 4 is met. It is estimated that the PRBs would need

to be maintained for approximately 70 years under Alternatives G-3 and G-4 and for approximately

55 years under Alternatives G-5 and G-5A. The durations of Alternatives G-5 and G-5A are

approximately 15 years less than the other alternatives. Under Alternative G-5A, the time to reach PRGs

between the two PRBs is approximately 10 years.

Implementation of Alternative G-1 would not result in risks to site workers or adversely impact the

surrounding community or environment because no remedial activities would be performed. Alternative

G-1 would not achieve the RAOs.

A summary of the sustainability evaluations for each alternative is provided below. These evaluations

were performed per Navy policy and are not part of the CERCLA evaluation criteria.

Alternative G-5A has the highest GHG emissions among the alternatives evaluated, emitting 342 tons of

CO2e. The impact driver for the GHG emissions for Alternative G-5A is the use of laboratory analytical

services. The GHG emissions from Alternative G-4 are 315 tons of CO2e, where laboratory analytical

services is the highest driver. Alternative G-5 has the third highest GHG emissions from all alternatives,

with 264 tons of CO2e, where laboratory analytical services have the highest GHG emissions of all the

activities that take place during this alternative. Alternatives G-3 and G-2 have the same highest driver

for the GHG emissions, which is laboratory analytical services. The GHG emissions resulting from

Alternative G-3 and G-2 are 236 tons of CO2e and 120 tons of CO2e, respectively.

In terms of NOX emissions, the activity with the highest impact on this criteria pollutant for all the

alternatives evaluated is the use of laboratory analytical services. Alternative G-5A has the highest

amount of this pollutant emitted to the atmosphere, followed by Alternatives G-5 and G-4. The emissions

of these three remedial alternatives are 0.54, 0.50, and 0.48 tons of NOX, respectively. Alternative G-2

has the lowest NOX emissions from all the remedial alternatives evaluated; emitting 0.4 ton of NOX.

Alternative G-3 emits 0.44 ton of NOX.

In terms of SOX emissions, Alternative G-2 has the lowest emissions from all the alternatives, with

0.26 ton of SOX emitted to the atmosphere primarily due to the use of laboratory analytical services. For

Alternatives G-3 and G-5, the activity with the highest contribution to SOX emissions is the use of
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laboratory analytical services during long term monitoring. The emissions for remedial alternatives G-3

and G-5 are 0.52 and 0.55 tons of SOX, respectively. The alternative with the highest amount of SOX is

alternative G-5A, with 0.74 ton, where the production of mulch, used for revegetation purposes and the

treatment barriers, is the activity with the highest SOX emissions. Alternative G-4 has the second highest

SOX emissions of all the alternatives evaluated. The amount of SOX emitted by Alternative G-4 is 0.74

ton, where the production of mulch is the activity with the highest SOX emissions for this alternative.

The activities that are the primary drivers for PM10 emissions are the laboratory services for Alternative

G-2 and the production of mulch for the other Alternatives (G-3, G-4 G-5 and G-5A). The alternative with

the highest PM10 emissions is Alternative G-5A, emitting 0.053 ton of PM10; the alternative with the lowest

PM10 emissions is Alternative G-2, releasing 0.011 ton of PM10.

Energy consumption is highest for Alternative G-5A utilizing 11,000 MMBTU. Alternatives G-4, G-5 and

G-3 consume 11,000 MMBTU, 7,300 and 6,700 MMBTU, respectively. The activity that consumes the

most energy for these three remedial alternatives is the production of vegetable oil, which is used as EOS

for the injection treatment through the lifetime of the project. The alternative with the lowest energy

consumption is Alternative G-2, where 1,600 MMBTU are consumed due to the laboratory analytical

services.

The water use for Alternative G-2 is 600 gallons of water, where the production of PVC is the activity with

the highest water use. For Alternatives G-3, G-4, G-5 and G-5A, the injection waters used through the

treatment is the activity that consumes the most water. Alternative G-5A has the highest consumption of

water (276,000 gallons of water), followed by Alternatives G-4, G-5 and G-3 (267,000 gallons,

158,000 gallons, and 149,000 gallons, respectively).

Overall, Alternatives G-5A and G-4 have the highest relative impact in most of the categories evaluated in

the analysis due to the number of activities that take place during the Alternatives. Alternative G-2 has

the lowest relative impact overall; the activities that take place during this alternative are related to site

visits and sampling. The use of laboratory analytical services is the dominant activity for Alternative G-2

and therefore is the driver for all impact categories. Alternatives G-5 and G-3 have a moderate to high

relative impact for the categories evaluated. Details of the environmental footprint evaluation can be

found on Appendix E.

Because no actions would be implemented in Alternative G-1, there would be no impacts on sustainability

factors.
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5.1.6 Implementability

Alternative G-1 would be the easiest to implement because there would be no action taken.

Alternative G-2 would be the second easiest of the remaining alternatives to implement because of the

minimal amount of field work and monitoring that would be required. Alternatives G-3 and G-4 would be

the next easiest to implement, although the one-pass trenching equipment is somewhat specialized.

Alternatives G-5 and G-5A would be more difficult to implement than Alternatives G-3 and G-4 because

they would require installation of injection wells into the overburden and the bedrock. For Alternatives

G-5 and G-5A, the implementability of injecting ED into the bedrock is uncertain. For all four alternatives,

contractors and equipment are readily available.

Engineering controls and LUCs would be required until groundwater PRGs are attained for Alternatives

G-2 through G-5A. For Alternatives G-3 through G-5A, construction of the mulch PRB north of the EMD

would allow for removal of the engineering controls when the PCE plume upgradient of the EMD achieves

the PRGs and no unacceptable risk remains. For Alternatives G-4 and G-5A, construction of the mulch

PRB at the upland edge would allow for removal of vapor intrusion LUCs in the upland area when the

overburden PCE plume upgradient of the upland area achieves the recreational exposure vapor intrusion

PRGs and no unacceptable vapor intrusion risk remains. LUCs can be readily prepared and

implemented because the Navy retains ownership of the property.

Use of the property may be affected by the implementation of the alternatives. Alternatives G-3, G-4,

G-5, and G-5A would temporarily impact site use during installation of the mulch PRBs and the injection

wells for enhanced bioremediation and limit permanent use of the site over and near the PRBs. The

bedrock injection wells would limit the types of uses of the site for Alternatives G-5 and G-5A. However,

current plans call for the area to remain open space, with little or no development.

5.1.7 Cost

The capital and O&M costs and NPW of the alternatives are as follows.

Alternative Capital NPW of Annual Costs NPW

G-1 $11,000 $109,000 $120,000

G-2 $180,000 $923,000 $1,103,000

G-3 $920,000 $1,692,000 $2,612,000

G-4 $1,107,000 $2,074,000 $3,181,000

G-5 $1,615,000 $1,987,000 $3,602,000

G-5A $1,783,000 $2,357,000 $4,140,000
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Detailed cost estimates are provided in Appendix G.

Note that while the cost basis used in this FS is 30 years, based on the anticipated life cycle of the

alternatives (see Appendix F) the actual anticipated cost and net present worth will be greater since

monitoring will continue throughout the entire life of the remedy.

5.2 SUMMARY OF COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

Table 5-1 summarizes the comparative analysis of the groundwater remedial alternatives, respectively.



TABLE 5-1

SUMMARY OF COMPARATIVE ANALYSIS OF GROUNDWATER REMEDIAL ALTERNATIVES
SOLVENT RELEASE AREA FEASIBILITY STUDY

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS
PAGE 1 OF 4

Evaluation Criterion
Alternative G-1: No

Action

Alternative G-2: Monitoring,
Engineering Controls, and

LUCs

Alternative G-3: One
Overburden PRB, Monitoring,

Engineering Controls, and
LUCs

Alternative G-4: Two
Overburden PRBs,

Monitoring, Engineering
Controls, and LUCs

Alternative G-5: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

One Overburden PRB,
Monitoring, Engineering

Controls, and LUCs

Alternative G-5A: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

Two Overburden PRBs,
Monitoring, Engineering

Controls, and LUCs
Overall Protection of
Human Health and
Environment

Would not offer
protectiveness of human
health and the environment
because no action would
occur. Migration of
chemicals of concern
(COCs) would continue
and remain undetected.

Would be protective of human
health and the environment.
Would be less protective than
Alternatives G-3 through G-5A.
Engineering controls and LUCs
would prevent exposure until
remediation is complete.

Would be protective of human
health and the environment.
Would be less protective than
Alternatives G-4, G-5, and G-
5A, but more protective than
Alternative G-2. Mulch PRB
near the EMD would control the
plume migration and treat
groundwater to levels protective
of the EMD. Engineering
controls and LUCs would
prevent exposure until
remediation is complete.

Would be protective of human
health and the environment.
Would be less protective than
Alternatives G-5 and G-5A but
more protective than
Alternatives G-2 and G-3. The
two mulch PRBs would control
the plume migration, treat
groundwater to levels protective
of the EMD, and reduce the
PCE concentration beneath the
upland area so that vapor
intrusion LUCs can eventually
be lifted on the upland portion of
the site. Engineering controls
and LUCs would prevent
exposure until remediation is
complete.

Would be protective of human
health and the environment.
Would be the second most
protective alternative.
Enhanced bioremediation in the
high concentration areas would
significantly reduce source mass
and the plume expansion in
overburden and bedrock. The
mulch PRB would control the
plume migration and treat
groundwater to levels protective
of the EMD. Engineering
controls and LUCs would
prevent exposure until
remediation is complete.

Would be protective of human
health and the environment.
Would be the most protective
alternative. Enhanced
bioremediation in the high
concentration areas would
significantly reduce source mass
and the plume expansion in
overburden and bedrock. The
two mulch PRBs would control
the plume migration, treat
groundwater to levels protective
of the EMD, and reduce the
PCE concentration beneath the
upland area so that vapor
intrusion LUCs can eventually
be lifted on the upland portion of
the site. Engineering controls
and LUCs would prevent
exposure until remediation is
complete.

Compliance with
Applicable or
Relevant and
Appropriate
Requirements
(ARARs) and To Be
Considered (TBCs):

Chemical-Specific Would not comply Would eventually comply Would eventually comply Would eventually comply Would eventually comply Would eventually comply
Location-Specific Would not comply Would comply Would comply Would comply Would comply Would comply

Action-Specific Not applicable Would comply Would comply Would comply Would comply Would comply
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Evaluation Criterion
Alternative G-1: No

Action

Alternative G-2: Monitoring,
Engineering Controls, and

LUCs

Alternative G-3: One
Overburden PRB, Monitoring,

Engineering Controls, and
LUCs

Alternative G-4: Two
Overburden PRBs,

Monitoring, Engineering
Controls, and LUCs

Alternative G-5: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

One Overburden PRB,
Monitoring, Engineering

Controls, and LUCs

Alternative G-5A: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

Two Overburden PRBs,
Monitoring, Engineering

Controls, and LUCs
Long-Term
Effectiveness and
Permanence

Would not provide long-
term effectiveness and
permanence because no
action would occur.
Contaminant reduction or
migration would remain
undetected because no
monitoring would occur.

Would be less permanent and
effective than Alternatives G-3
through G-5A. Monitoring would
evaluate the change in
contaminant concentrations and
verify that no COC migration is
occurring. Engineering controls
and LUCs would prevent
exposure.

Would be as permanent and
effective as Alternative G-4.
Mulch PRB near the EMD would
treat the overburden PCE plume
and prevent contaminants from
further migration. Monitoring
would evaluate the remediation
progress and verify that no COC
migration is occurring.
Engineering controls and LUCs
would prevent exposure.

Would be as permanent and
effective as the Alternative G-3.
The mulch PRBs would treat the
overburden PCE plume and
prevent contaminants from
further migration. Monitoring
would evaluate the remediation
progress and verify that no COC
migration is occurring.
Engineering controls and LUCs
would prevent exposure.

Would provide the second
greatest long-term effectiveness
and permanence since both
overburden and bedrock
groundwater will be treated.
Enhanced bioremediation would
remove most of the
contamination in the high
concentration source areas,
thus reducing contaminant
migration and possibly reducing
the duration that the PRB must
be maintained. The mulch PRB
would treat the overburden PCE
plume and prevent
contaminants from further
migration. Monitoring would
evaluate the remediation
progress and verify that no COC
migration is occurring.
Engineering controls and LUCs
would prevent exposure.

Would provide the greatest long-
term effectiveness and
permanence since both
overburden and bedrock
groundwater will be treated and
one more PRB would be used
than Alternative G-5. Enhanced
bioremediation would remove
most of the contamination in the
high concentration source
areas, thus reducing
contaminant migration and
possibly reducing the duration
that the PRBs must be
maintained. The mulch PRBs
would treat the overburden PCE
plume and prevent
contaminants from further
migration. Would be more
effective than Alternative G-5
because the second PRB
provides treatment of another
portion of the plume and would
reduce the overall duration of
treatment and O&M
requirements. Monitoring would
evaluate the remediation
progress and verify that no COC
migration is occurring.
Engineering controls and LUCs
would prevent exposure.

Reduction of
Contaminant Toxicity,
Mobility, or Volume
through Treatment

Would not reduce
contaminant toxicity,
mobility or volume through
treatment because no
treatment would occur.

Would not reduce contaminant
toxicity, mobility or volume
through treatment because no
treatment would occur.

Would permanently reduce
contaminant toxicity and volume
by removing PCE from
groundwater flowing through the
mulch PRB.

Would permanently reduce
contaminant toxicity and volume
by removing PCE from
groundwater flowing through the
mulch PRBs.

Would permanently reduce
contaminant toxicity and volume
by removing an estimated 1,900
pounds of PCE through
enhanced bioremediation in the
high concentration source
areas. The mulch PRB would
permanently remove PCE from
groundwater flowing through it.

Would permanently reduce
contaminant toxicity and volume
by removing an estimated 1,900
pounds of PCE through
enhanced bioremediation in the
high concentration source
areas. The mulch PRBs would
permanently remove PCE from
groundwater flowing through it.
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Evaluation Criterion
Alternative G-1: No

Action

Alternative G-2: Monitoring,
Engineering Controls, and

LUCs

Alternative G-3: One
Overburden PRB, Monitoring,

Engineering Controls, and
LUCs

Alternative G-4: Two
Overburden PRBs,

Monitoring, Engineering
Controls, and LUCs

Alternative G-5: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

One Overburden PRB,
Monitoring, Engineering

Controls, and LUCs

Alternative G-5A: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

Two Overburden PRBs,
Monitoring, Engineering

Controls, and LUCs
Short-Term
Effectiveness

Would not result in any
short-term risk to site
workers or adversely
impact the surrounding
community or environment
because no action would
occur. The Remedial
Action Objectives (RAOs)
would never be achieved
with the implementation of
this alternative.

Would result in a possibility of
exposing site workers to
contaminated groundwater
during monitoring activities. This
risk would be reduced through
compliance with appropriate
site-specific health and safety
procedures. There would be no
risk to the surrounding
community or the environment.
Groundwater RAOs No. 1
through No. 3 would be
achieved immediately upon
implementation of LUCs and
monitoring. Monitoring and
LUCs would need to be
maintained for approximately 70
years. Lowest relative impact
on sustainability.

Would result in a possibility of
exposing site workers to
contaminated groundwater
during PRB installation,
replenishment with electron
donor injection, and monitoring
activities. This risk would be
reduced through compliance
with appropriate site-specific
health and safety procedures.
There would be a slight impact
on the surrounding community
or the environment during the
transport of contaminated soil
from the barrier for off-site
disposal. Groundwater RAO
Nos. 1 through 3 would be
achieved immediately upon
implementation of LUCs and
monitoring. The PRB
installation would be completed
in approximately 1 month.
Replenishment with electron
donor injection would be
completed in approximately 2
weeks every 5 years after the
PRB installation. The PRB
would need to be maintained for
approximately 70 years.
Moderate to high relative impact
on sustainability.

Would result in a possibility of
exposing site workers to
contaminated groundwater
during PRB installation,
replenishment with electron
donor injection, and monitoring
activities. This risk would be
reduced through compliance
with appropriate site-specific
health and safety procedures.
There would be a slight impact
on the surrounding community
or the environment during the
transport of contaminated soil
from the barriers for off-site
disposal. Groundwater RAO
Nos. 1 through 3 would be
achieved immediately upon
implementation of LUCs and
monitoring. The installation of
PRBs would be completed in
approximately 1 month.
Replenishment with electron
donor injection would be
completed in approximately 2
weeks every 5 years after the
PRB installation. The PRBs
would need to be maintained
approximately 70 years. Higher
relative impact on sustainability
than Alternatives G-2 and G-3.

Would result in a possibility of
exposing site workers to
contaminated groundwater
during installation of injection
wells and PRB, electron donor
injection, and monitoring
activities. This risk would be
reduced through compliance
with appropriate site-specific
health and safety procedures.
There would be a slight impact
on the surrounding community
or the environment during the
transport of contaminated soil
from the barrier for off-site
disposal. Installation of injection
wells in the high concentration
areas would impact the wetland,
which must be mitigated by
constructing additional wetland
area at the site. Groundwater
RAO Nos. 1 through 3 would be
achieved immediately upon
implementation of LUCs and
monitoring. The installation of
injection wells and injection of
electron donor for enhanced
bioremediation and the
installation of the PRB would be
completed in approximately 3
months. The initial injection in
the source areas would be
followed up with re-injection of
EOS after 6 months and again 2
years later over a period of
approximately 2 weeks each.
Replenishment of the PRB with
electron donor injection would
be completed in approximately 1
week every 5 years after the
PRB installation. The PRB
would need to be maintained for
approximately 55 years.
Second highest relative impact
on sustainability.

Would result in a possibility of
exposing site workers to
contaminated groundwater
during installation of injection
wells and PRB, electron donor
injection, and monitoring
activities. This risk would be
reduced through compliance
with appropriate site-specific
health and safety procedures.
There would be a slight impact
on the surrounding community
or the environment during the
transport of contaminated soil
from the barriers for off-site
disposal. Installation of injection
wells in the high concentration
areas would impact the wetland,
which must be mitigated by
constructing additional wetland
area at the site. Groundwater
RAO Nos. 1 through 3 would be
achieved immediately upon
implementation of LUCs and
monitoring. The installation of
injection wells and injection of
electron donor for enhanced
bioremediation and the
installation of PRBs would be
completed in approximately 4
months. The initial injection in
the source areas would be
followed up with re-injection of
EOS after 6 months and again 2
years later over a period of
approximately 2 weeks each.
Replenishment of the PRBs with
electron donor injection would
be completed in approximately 1
week every 5 years after the
PRB installation. The PRBs
would need to be maintained for
approximately 55 years.
Highest relative impact on
sustainability.
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Evaluation Criterion
Alternative G-1: No

Action

Alternative G-2: Monitoring,
Engineering Controls, and

LUCs

Alternative G-3: One
Overburden PRB, Monitoring,

Engineering Controls, and
LUCs

Alternative G-4: Two
Overburden PRBs,

Monitoring, Engineering
Controls, and LUCs

Alternative G-5: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

One Overburden PRB,
Monitoring, Engineering

Controls, and LUCs

Alternative G-5A: Overburden
and Bedrock Source Zones
Enhanced Bioremediation,

Two Overburden PRBs,
Monitoring, Engineering

Controls, and LUCs
Implementability Technical and

administrative
implementation would be
extremely simple because
there would be no action to
implement.

Easy to implement monitoring
with engineering controls and
LUCs.

Installation of mulch PRB is
readily implementable. Easy to
implement monitoring,
engineering controls and LUCs.
Less difficult than Alternatives
G-4, G-5, and G-5A.

Administrative implementation of
the LUCs would be simple.

Installation of mulch PRBs is
readily implementable. Easy to
implement monitoring,
engineering controls, and LUCs.
Less difficult than Alternatives
G-5 and G-5A.

Administrative implementation of
the LUCs would be simple.

Enhanced bioremediation in the
high concentration areas and
installation of the mulch PRB
are readily implementable. Easy
to implement monitoring,
engineering controls, and
monitoring is implementable.
Slightly less difficult compared
to Alternative G-5A.

Administrative implementation of
the LUCs would be simple.

Enhanced bioremediation in the
high concentration areas and
installation of mulch PRBs are
readily implementable. Easy to
implement monitoring,
engineering controls, and
monitoring is implementable.
Most difficult alternative to
implement.

Administrative implementation of
the LUCs would be simple.

Costs:
Capital
NPW of Annual Costs
NPW

$11,000
$109,000
$120,000

$180,000
$923,000

$1,103,000

$920,000
$1,692,000
$2,612,000

$1,107,000
$2,074,000
$3,181,000

$1,615,000
$1,987,000
$3,602,000

$1,783,000
$2,357,000
$4,140,000

ARAR = Applicable or Relevant and Appropriate Requirement. PCE = Tetrachloroethene.
COC = Chemicals of concern. LUC = Land use control.
PRB = Permeable Reactive Barrier. NPW = Net present worth.
RAO = Remedial Action Objective. TBC = To be considered.
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TABLE 4-4

ANALYTICAL RESULTS -  OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 1 OF 6

DRAFT FINAL

SAMPLE ID SRA-GW-CH108-
MW01-1106-AVG

SRA-GW-CH108-
MW01-1207R-AVG

SRA-GW-CH108-
MW02-1106

SRA-GW-MW10-
400-1106

SRA-GW-MW10-
401-1106

SRA-GW-MW10-
403-1106

SRA-GW-MW10-
405-1106-AVG

SRA-GW-MW10-
406-1106-AVG

SRA-GW-MW10-
407-1106

SRA-GW-MW10-
408-1106

SRA-GW-MW10-
302-1106

SRA-GW-MW10-
303-1106

SRA-GW-MW10-
304-1106

SRA-GW-MW10-
338-1106

SRA-GW-MW10-
339-1106

SRA-GW-MW10-
340-1106

LOCATION ID CH108-MW 01 CH108-MW 01 CH108-MW 02 MW10-400 MW10-401 MW10-403 MW10-405 MW10-406 MW10-407 MW10-408 MW-302 MW-303 MW-304 MW-338 MW-339 MW-340 
SAMPLE DATE 11/13/06 12/13/07 11/09/06 11/13/06 11/09/06 11/13/06 11/16/06 11/09/06 11/08/06 11/16/06 11/15/06 11/08/06 11/08/06 11/08/06 11/08/06 11/10/06
SAMPLE CODE

FRACTION (UNITS) PARAMETER
1,1-DICHLOROETHENE 34 7 0.585  J 500  U 0.46  J 0.5  U 0.5  U 0.5  U 65  U 0.5  U 0.5  U 0.5  U 2.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
BTEX 0.5  UJ 500  U 0.5  U 0.5  U 0.5  U 0.5  U 55  UJ 0.4  U 0.4  U 0.4  UJ 2  UJ 0.48  U 0.4  U 0.4  U 0.4  U 0.4  U
CIS-1,2-DICHLOROETHENE 6.1 70 445  J 785  210  73  J 120  0.5  U 65  UJ 0.5  U 0.5  U 0.5  UJ 2.5  UJ 4.1  0.5  U 0.5  U 1.1  0.5  U
CYCLOHEXANE 1000 0.5  UJ 500  U 0.5  U 0.5  UJ 0.5  UJ 0.5  UJ 65  U 0.5  UJ 0.5  U 0.5  U 2.5  U 0.5  U 0.5  UJ 0.5  U 0.5  U 0.5  UJ
METHYL TERT-BUTYL ETHER 6.2 4.1  J 500  U 0.5  U 1.4  0.5  U 0.5  U 65  U 0.5  U 0.5  U 3.9  2.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
METHYLENE CHLORIDE 4.3 5 0.5  U 500  U 0.5  U 0.41  J 0.5  U 0.5  U 65  U 0.5  U 0.5  U 0.5  U 2.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
TETRACHLOROETHENE 0.1 5 11500  16000  7900  9200  870  780  1450  J 1.06  U 0.1  U 0.91  60  120  3.5  0.1  U 33 1.9  U
TOLUENE 230 1000 0.5  UJ 500  U 0.5  U 0.5  U 0.5  U 0.5  U 65  UJ 0.5  U 0.5  U 0.5  UJ 2.5  UJ 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

TOTAL 1,2-DICHLOROETHENE 6.1 5 456  J 785  211.9  74.7  J 123.8  0.5  U 65  UJ 0.5  U 0.5  U 0.5  UJ 2.5  UJ 4.1  0.5  U 0.5  U 1.1  0.5  U
TOTAL CHLORINATED 
ETHENES

12089.3  J 16785  8170.9  J 9301.28  J 1037.15  J 780.8  1464.7  J 0.44  U 0.2  U 1.1  J 60  J 143.1  3.86  0.2  U 34.91  0.65  U

TOTAL CHLORINATED VOCS 12089.885  J 16785  J 8171.36  J 9301.69  J 1037.15  J 780.8  J 1464.7  J 0.36  UJ 0.33  U 1.1  J 60  J 143.1  3.86  J 0.33  U 34.91  0.39  UJ
TRANS-1,2-DICHLOROETHENE 11 100 11  J 500  U 1.9  1.7  3.8  0.5  U 65  U 0.5  U 0.5  U 0.5  U 2.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
TRICHLOROETHENE 0.028 5 130  J 500  U 59  J 26  J 43  0.8  14.7  J 0.1  U 0.1  U 0.19 0.3  U 19  0.36  0.1  U 0.81 0.1  U
VINYL CHLORIDE 0.02 2 3.3  J 500  U 0.5  U 0.58  0.35  J 0.5  U 0.1  U 0.1  U 0.1  U 0.1  U 0.3  U 0.4  U 0.1  U 0.1  U 0.1  U 0.1  U

VOLATILE GASES 
(UG/L)

METHANE 14  U NA 14  U 14  U NA 14  U 14  U 14  U 14  U 14  U NA 13  U 18  14  U 14  U NA

ATRAZINE 0.3 0.1  UJ NA 0.1  U 0.1  U 0.1  U 0.1  UJ 0.1  UJ 0.1  U 0.1  U 0.1  UJ 0.1  UJ 0.17  0.1  U 0.1  U 0.1  U 0.1  U

CAPROLACTAM 1800 10  UJ NA 2  J 10  UJ 10  UJ 10  UJ 10  UJ 10  UJ 10  UJ 10  UJ 4  J 10  UJ 10  UJ 10  UJ 1  J 10  UJ
LOW MOLECULAR WEIGHT 
PAHS

0.1  U NA 0.1  UJ 0.1  UJ 0.1  UJ 0.1  U 0.115  0.1  UJ 0.1  UJ 0.1  U 0.1  U 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ

NAPHTHALENE 0.62 0.1  U NA 0.1  U 0.1  U 0.1  U 0.1  U 0.115  0.1  U 0.1  U 0.1  U 0.1  U 0.1  U 0.1  U 0.1  U 0.1  U 0.1  U
PENTACHLOROPHENOL 0.56 1 0.5  U NA 0.5  U 0.5  U 0.5  U 0.5  U 20  U 0.5  U NA 0.5  UJ 0.5  U 0.5  U 0.5  U 0.11  J 0.028  J 0.5  U
TOTAL PAHS 0.0775 0.1  UJ NA 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.115  0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ

PESTICIDES/PCBS
(UG/L)

ENDOSULFAN I 22 0.01  U NA 0.01  U 0.01  U 0.012  0.01  U 0.01  U 0.01  U 0.01  U 0.01  U 0.01  U 0.01  U 0.01  U 0.01  U 0.01  U 0.01  U

BKGPRG MCL
VOLATILES (UG/L)

SEMIVOLATILES
(UG/L)

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-4

ANALYTICAL RESULTS -  OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 2 OF 6

DRAFT FINAL

SAMPLE ID SRA-GW-CH108-
MW01-1106-AVG

SRA-GW-CH108-
MW01-1207R-AVG

SRA-GW-CH108-
MW02-1106

SRA-GW-MW10-
400-1106

SRA-GW-MW10-
401-1106

SRA-GW-MW10-
403-1106

SRA-GW-MW10-
405-1106-AVG

SRA-GW-MW10-
406-1106-AVG

SRA-GW-MW10-
407-1106

SRA-GW-MW10-
408-1106

SRA-GW-MW10-
302-1106

SRA-GW-MW10-
303-1106

SRA-GW-MW10-
304-1106

SRA-GW-MW10-
338-1106

SRA-GW-MW10-
339-1106

SRA-GW-MW10-
340-1106

LOCATION ID CH108-MW 01 CH108-MW 01 CH108-MW 02 MW10-400 MW10-401 MW10-403 MW10-405 MW10-406 MW10-407 MW10-408 MW-302 MW-303 MW-304 MW-338 MW-339 MW-340 
SAMPLE DATE 11/13/06 12/13/07 11/09/06 11/13/06 11/09/06 11/13/06 11/16/06 11/09/06 11/08/06 11/16/06 11/15/06 11/08/06 11/08/06 11/08/06 11/08/06 11/10/06
SAMPLE CODE

FRACTION (UNITS) PARAMETER BKGPRG MCL
ALUMINUM 3600 15341.4 124  NA 113  J 79.7  37.2  J 115  32  U 88.6  J 9930  J 32  U 411  32  UJ 142  J 503  J 266  J 809  J
ARSENIC 0.045 10 0.162  UJ NA 0.138  J 0.1  U 0.1  U 0.102  UJ 0.1  U 0.1  U 1.56  0.161  J 0.126  UJ 5.48  0.112  J 0.1  U 0.1  U 0.139  J
BARIUM 730 2000 181.32 7.8  NA 8.67  U 11.3  8.43  U 20.8  8.69  19.2  J 55.7  J 14.5  72.1  21.3  15  U 31.3  8.15  U 10.3  U
BERYLLIUM 7.3 4 0.77 0.043  U NA 0.043  U 0.043  U 0.043  U 0.0738  J 0.043  U 0.0899  J 0.646  J 0.043  U 0.043  U 0.057  J 0.043  U 0.743  J 0.043  U 0.0739  J
CADMIUM 1.8 5 0.094  U NA 0.094  U 0.136  J 0.114  J 0.094  U 0.094  U 0.094  U 0.456  J 0.094  U 0.135  J 0.094  U 0.094  U 0.16  J 0.094  U 0.094  U
CALCIUM 19187.1 17000  NA 8990  18500  7810  9290  28600  8250  1860  22400  10600  11600  23500  4420  6260  5880 
COBALT 73 8.5 0.222  UJ NA 0.118  UJ 0.612  UJ 0.249  UJ 2.85  J 0.114  UJ 0.219  UJ 3.28  J 1.59  J 0.178  UJ 6.01  J 0.33  UJ 1.17  J 0.261  J 0.365  J
COPPER 150 1300 13.5 0.797  J NA 1.22  J 0.581  J 0.858  J 0.737  J 0.52  U 1.48  J 14.8  0.706  J 3.05  0.716  J 0.873  J 3.4  1.83  J 2.79 
IRON 2600 44137.5 196  NA 198  J 150  78.7  J 153  138  122  J 9380  J 510  457  118000  J 601  J 98.2  J 450  J 1330  J
LEAD 15 15 0.0783  UJ NA 0.208  UJ 0.075  U 0.132  UJ 0.075  U 0.075  U 0.162  UJ 10.3  0.075  U 0.47  J 0.133  UJ 0.343  UJ 0.259  UJ 0.376  UJ 1.79 
MAGNESIUM 14205.5 14000  NA 5960  11900  4920  5610  17600  3810  1530  12000  1890  4500  9120  1730  3840  3850 
MANGANESE 88 2680.63 112  NA 86.2  244  169  547  13.6  J 11.1  J 273  1710  16.7  1810  580  83.6  23.5  20.5 
MERCURY 1.1 0.0156  J NA 0.0298  UJ 0.018  U 0.018  U 0.0253  J 0.022  UJ 0.018  U 0.018  U 0.0296  UJ 0.018  U 0.0522  UJ 0.018  U 0.0921  UJ 0.018  U 0.018  U
NICKEL 73 1.43  UJ NA 1.27  J 1.75  J 1.23  J 2.69  J 1.29  UJ 1.16  J 11.5  J 2.89  J 1.46  J 1.58  UJ 1.07  J 1.91  J 0.863  J 1.54  J
POTASSIUM 6177.62 1220  NA 896  J 974  767  J 885  1100  617  J 1490  J 1690  4140  872  J 1200  J 392  J 475  J 538  J
SILVER 18 0.085  U NA 0.085  UJ 0.085  U 0.085  UJ 0.085  U 0.352  J 0.085  UJ 0.107  J 0.085  U 0.085  U 0.085  UJ 0.085  UJ 0.085  UJ 0.085  UJ 0.085  UJ
SODIUM 47342.1 19000  NA 22100  19400  16400  18200  17800  15700  39900  31800  11000  10700  12700  9070  9290  8440 
THALLIUM 0.24 2 0.044  U NA 0.044  UJ 0.044  U 0.044  UJ 0.044  U 0.044  U 0.044  UJ 0.0679  J 0.044  U 0.044  U 0.044  UJ 0.044  UJ 0.104  J 0.0715  J 0.044  UJ
VANADIUM 3.6 22.6 0.666  J NA 0.613  J 0.362  J 0.227  UJ 0.356  J 0.31  UJ 0.332  J 22.6  J 0.243  UJ 1  J 1.71  J 0.753  J 0.193  UJ 0.81  J 3.04
ZINC 1100 51.7 4.36  UJ NA 3.7  UJ 4.1  UJ 7.87  UJ 8.16  UJ 2.54  J 3.46  UJ 27.8  J 3.43  J 8.13  UJ 6.92  UJ 3.49  UJ 19.9  6.44  UJ 6.21  UJ
ALUMINUM 3600 15341.4 NA NA NA NA NA NA NA NA 1190  J NA NA NA NA NA NA NA
ARSENIC 0.045 10 NA NA NA NA NA NA NA NA 0.485  J NA NA NA NA NA NA NA
BERYLLIUM 7.3 4 0.77 NA NA NA NA NA NA NA NA 0.0929  J NA NA NA NA NA NA NA
CADMIUM 1.8 5 NA NA NA NA NA NA NA NA 0.173  J NA NA NA NA NA NA NA
CALCIUM 19187.1 NA NA NA NA NA NA NA NA 597  NA NA NA NA NA NA NA
COBALT 73 8.5 NA NA NA NA NA NA NA NA 3.28  J NA NA NA NA NA NA NA
COPPER 150 1300 13.5 NA NA NA NA NA NA NA NA 5.57  NA NA NA NA NA NA NA
IRON 2600 44137.5 NA NA NA NA NA NA NA NA 901  J NA NA NA NA NA NA NA
LEAD 15 15 NA NA NA NA NA NA NA NA 1.37  NA NA NA NA NA NA NA
MAGNESIUM 14205.5 NA NA NA NA NA NA NA NA 216  NA NA NA NA NA NA NA
MANGANESE 88 2680.63 NA NA NA NA NA NA NA NA 75  NA NA NA NA NA NA NA
NICKEL 73 NA NA NA NA NA NA NA NA 2.96  J NA NA NA NA NA NA NA
POTASSIUM 6177.62 NA NA NA NA NA NA NA NA 367  NA NA NA NA NA NA NA
SODIUM 47342.1 NA NA NA NA NA NA NA NA 41200  NA NA NA NA NA NA NA
VANADIUM 3.6 22.6 NA NA NA NA NA NA NA NA 5.12  J NA NA NA NA NA NA NA
ALKALINITY 85.5  NA 46  71  NA 43  110  26  53  100  NA 54  99  20  U 20  U NA
AMMONIA-N 0.19  NA 0.29  0.21  NA 0.25  0.2  U 0.245  0.2  U 0.25  NA 1.1  0.26  0.2  U 0.2  U NA
CHLORIDE 250 25.5  NA 25  28  NA 15  41  J 26  19  43  J NA 12  12  15  12  NA
NITRATE-N 10 0.41  NA 0.39  J 0.8  NA 0.22  0.45  0.13  U 0.13  U 0.13  U NA 0.13  U 0.13  U 0.13  U 0.13  U NA
SULFATE 250 24.5  NA 21  23  NA 26  9.2  11.5  12  12  NA 17  14  16  14  NA
TOTAL ORGANIC CARBON 1.95  NA 1.1  1.1  1  U 1.3  1  U 3.15  6.5  1.4  NA 10  1.1  1.1  1  U NA

FIELD (MG/L) FERROUS IRON 0.0225  NA 0.03  U 0.03  U 0.04  0.04  0.0225  0.0225  0.07  U 0.46  NA 25.8  0.32  0.06  U 0.03  U NA

MISCELLANEOUS
PARAMETERS
(MG/L)

METALS (UG/L)

DISSOLVED
METALS (UG/L)

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-4

ANALYTICAL RESULTS -  OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 3 OF 6

DRAFT FINAL

SAMPLE ID

LOCATION ID
SAMPLE DATE
SAMPLE CODE

FRACTION (UNITS) PARAMETER
1,1-DICHLOROETHENE 34 7
BTEX
CIS-1,2-DICHLOROETHENE 6.1 70
CYCLOHEXANE 1000
METHYL TERT-BUTYL ETHER 6.2
METHYLENE CHLORIDE 4.3 5
TETRACHLOROETHENE 0.1 5
TOLUENE 230 1000

TOTAL 1,2-DICHLOROETHENE 6.1 5
TOTAL CHLORINATED 
ETHENES
TOTAL CHLORINATED VOCS
TRANS-1,2-DICHLOROETHENE 11 100
TRICHLOROETHENE 0.028 5
VINYL CHLORIDE 0.02 2

VOLATILE GASES 
(UG/L)

METHANE

ATRAZINE 0.3

CAPROLACTAM 1800
LOW MOLECULAR WEIGHT 
PAHS
NAPHTHALENE 0.62
PENTACHLOROPHENOL 0.56 1
TOTAL PAHS 0.0775

PESTICIDES/PCBS
(UG/L)

ENDOSULFAN I 22

BKGPRG MCL
VOLATILES (UG/L)

SEMIVOLATILES
(UG/L)

SRA-GW-MW10-
BG4-1206

SRA-PW-PZ06-
0107

SRA-PW-PZ07-
0107-AVG

SRA-PW-PZ08-
0107

SRA-PDB-01-
1206

SRA-PDB-02-
1206

SRA-PDB-03-
1206

SRA-PDB-05-
1206

SRA-PDB-06-
1206

SRA-PDB-07-
1206

SRA-PDB-08-
1206

SRA-PDB-09-
1206

SRA-PDB-10-
1206

SRA-PDB-11-
1206-AVG

SRA-PDB-12-
1206

SRA-PDB-15-
1206

SRA-PDB-16-
1206

SRA-PDB-17-
1206

SRA-PDB-18-
1206-AVG

MW-BG4 PZ-06 PZ-07 PZ-08 SRA-PDB-01 SRA-PDB-02 SRA-PDB-03 SRA-PDB-05 SRA-PDB-06 SRA-PDB-07 SRA-PDB-08 SRA-PDB-09 SRA-PDB-10 SRA-PDB-11 SRA-PDB-12 SRA-PDB-15 SRA-PDB-16 SRA-PDB-17 SRA-PDB-18
12/01/06 01/04/07 01/04/07 01/04/07 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06

0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
0.4  U 0.5  U 0.5  U 0.5  U 2.5  19  1.4  0.5  U 0.5  U 2.1  0.59  0.5  U 0.5  U 2.68  J 0.8  0.5  U 0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.45  J 0.5  U 0.79  1  22 0.38  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.68  0.5  U 0.74  0.5  U 0.5  U
0.5  U 0.5  U 0.5  U 0.5  U 1.4  1.4  1.5  1.6  1.3  1.3  1.3  1.3  1.2  1.55  1.2  2.3  1.4  1.3  1.15 
0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
0.1  U 8.9  8.5  0.5  U 0.5  U 0.5  U 0.63 0.5  U 0.51 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 1 0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U 0.5  U 2.5  19  1.4  0.5  U 0.5  U 2.1  0.59  0.5  U 0.5  U 2.68  J 0.8  0.5  U 0.5  U 0.5  U 0.5  U

0.5  U 0.5  U 0.45  J 0.5  U 0.79  1  22.32  J 0.38  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.68  0.5  U 0.74  0.5  U 0.5  U
0.2  U 8.9  9.445  J 0.5  U 1.83  J 8.9  43.05  J 0.38  J 0.51  0.45  J 0.34  J 0.5  U 0.5  U 0.5  U 1.06  J 1.48  J 1.94  0.5  U 0.5  U

0.33  U 8.9  J 9.445  J 0.5  UJ 1.83  J 8.9  J 43.05  J 0.38  J 0.51  0.45  J 0.34  J 0.5  UJ 0.5  UJ 0.5  U 1.06  J 1.48  J 1.94  J 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.32  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
0.1  U 0.5  U 0.495  J 0.5  U 0.39  J 0.5  U 6.1 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.38  J 0.48  J 1.2  0.5  U 0.5  U
0.1  U 0.5  U 0.5  U 0.5  U 0.65  7.9  14  0.5  U 0.5  U 0.45  J 0.34  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
14  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.1  UJ NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

10  UJ NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.1  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.1  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.5  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.1  UJ NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.01  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-4

ANALYTICAL RESULTS -  OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 4 OF 6

DRAFT FINAL

SAMPLE ID

LOCATION ID
SAMPLE DATE
SAMPLE CODE

FRACTION (UNITS) PARAMETER BKGPRG MCL
ALUMINUM 3600 15341.4
ARSENIC 0.045 10
BARIUM 730 2000 181.32
BERYLLIUM 7.3 4 0.77
CADMIUM 1.8 5
CALCIUM 19187.1
COBALT 73 8.5
COPPER 150 1300 13.5
IRON 2600 44137.5
LEAD 15 15
MAGNESIUM 14205.5
MANGANESE 88 2680.63
MERCURY 1.1
NICKEL 73
POTASSIUM 6177.62
SILVER 18
SODIUM 47342.1
THALLIUM 0.24 2
VANADIUM 3.6 22.6
ZINC 1100 51.7
ALUMINUM 3600 15341.4
ARSENIC 0.045 10
BERYLLIUM 7.3 4 0.77
CADMIUM 1.8 5
CALCIUM 19187.1
COBALT 73 8.5
COPPER 150 1300 13.5
IRON 2600 44137.5
LEAD 15 15
MAGNESIUM 14205.5
MANGANESE 88 2680.63
NICKEL 73
POTASSIUM 6177.62
SODIUM 47342.1
VANADIUM 3.6 22.6
ALKALINITY
AMMONIA-N
CHLORIDE 250
NITRATE-N 10
SULFATE 250
TOTAL ORGANIC CARBON

FIELD (MG/L) FERROUS IRON

MISCELLANEOUS
PARAMETERS
(MG/L)

METALS (UG/L)

DISSOLVED
METALS (UG/L)

SRA-GW-MW10-
BG4-1206

SRA-PW-PZ06-
0107

SRA-PW-PZ07-
0107-AVG

SRA-PW-PZ08-
0107

SRA-PDB-01-
1206

SRA-PDB-02-
1206

SRA-PDB-03-
1206

SRA-PDB-05-
1206

SRA-PDB-06-
1206

SRA-PDB-07-
1206

SRA-PDB-08-
1206

SRA-PDB-09-
1206

SRA-PDB-10-
1206

SRA-PDB-11-
1206-AVG

SRA-PDB-12-
1206

SRA-PDB-15-
1206

SRA-PDB-16-
1206

SRA-PDB-17-
1206

SRA-PDB-18-
1206-AVG

MW-BG4 PZ-06 PZ-07 PZ-08 SRA-PDB-01 SRA-PDB-02 SRA-PDB-03 SRA-PDB-05 SRA-PDB-06 SRA-PDB-07 SRA-PDB-08 SRA-PDB-09 SRA-PDB-10 SRA-PDB-11 SRA-PDB-12 SRA-PDB-15 SRA-PDB-16 SRA-PDB-17 SRA-PDB-18
12/01/06 01/04/07 01/04/07 01/04/07 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06 12/05/06

1640  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.112  J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

21.9  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.282  J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.119  J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

3300  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1.25  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

1.02  J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
685  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.391  J NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1320  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
69.7  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.018  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2.98  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
267  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.085  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
5750  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

0.044  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
2.45  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
18.3  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

20  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.31  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

8.4  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
0.13  U NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

14  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
9.8  NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-4

ANALYTICAL RESULTS -  OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 5 OF 6

DRAFT FINAL

SAMPLE ID

LOCATION ID
SAMPLE DATE
SAMPLE CODE

FRACTION (UNITS) PARAMETER
1,1-DICHLOROETHENE 34 7
BTEX
CIS-1,2-DICHLOROETHENE 6.1 70
CYCLOHEXANE 1000
METHYL TERT-BUTYL ETHER 6.2
METHYLENE CHLORIDE 4.3 5
TETRACHLOROETHENE 0.1 5
TOLUENE 230 1000

TOTAL 1,2-DICHLOROETHENE 6.1 5
TOTAL CHLORINATED 
ETHENES
TOTAL CHLORINATED VOCS
TRANS-1,2-DICHLOROETHENE 11 100
TRICHLOROETHENE 0.028 5
VINYL CHLORIDE 0.02 2

VOLATILE GASES 
(UG/L)

METHANE

ATRAZINE 0.3

CAPROLACTAM 1800
LOW MOLECULAR WEIGHT 
PAHS
NAPHTHALENE 0.62
PENTACHLOROPHENOL 0.56 1
TOTAL PAHS 0.0775

PESTICIDES/PCBS
(UG/L)

ENDOSULFAN I 22

BKGPRG MCL
VOLATILES (UG/L)

SEMIVOLATILES
(UG/L)

SRA-PDB-20-
1206

SRA-PDB-21-
1206

SRA-PDB-22-
1206

SRA-PDB-20 SRA-PDB-21 SRA-PDB-22
12/05/06 12/05/06 12/05/06

0.5  U 0.5  U 0.5  U
1.2  0.5  U 13 

0.5  U 0.5  U 0.5  U
1.1  0.78  1.5 

0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U

1.2  0.5  U 13 

0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U

0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U
0.5  U 0.5  U 0.5  U

NA NA NA

NA NA NA

NA NA NA
NA NA NA

NA NA NA
NA NA NA
NA NA NA
NA NA NA

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-4

ANALYTICAL RESULTS -  OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS
PAGE 6 OF 6

DRAFT FINAL

SAMPLE ID

LOCATION ID
SAMPLE DATE
SAMPLE CODE

FRACTION (UNITS) PARAMETER BKGPRG MCL
ALUMINUM 3600 15341.4
ARSENIC 0.045 10
BARIUM 730 2000 181.32
BERYLLIUM 7.3 4 0.77
CADMIUM 1.8 5
CALCIUM 19187.1
COBALT 73 8.5
COPPER 150 1300 13.5
IRON 2600 44137.5
LEAD 15 15
MAGNESIUM 14205.5
MANGANESE 88 2680.63
MERCURY 1.1
NICKEL 73
POTASSIUM 6177.62
SILVER 18
SODIUM 47342.1
THALLIUM 0.24 2
VANADIUM 3.6 22.6
ZINC 1100 51.7
ALUMINUM 3600 15341.4
ARSENIC 0.045 10
BERYLLIUM 7.3 4 0.77
CADMIUM 1.8 5
CALCIUM 19187.1
COBALT 73 8.5
COPPER 150 1300 13.5
IRON 2600 44137.5
LEAD 15 15
MAGNESIUM 14205.5
MANGANESE 88 2680.63
NICKEL 73
POTASSIUM 6177.62
SODIUM 47342.1
VANADIUM 3.6 22.6
ALKALINITY
AMMONIA-N
CHLORIDE 250
NITRATE-N 10
SULFATE 250
TOTAL ORGANIC CARBON

FIELD (MG/L) FERROUS IRON

MISCELLANEOUS
PARAMETERS
(MG/L)

METALS (UG/L)

DISSOLVED
METALS (UG/L)

SRA-PDB-20-
1206

SRA-PDB-21-
1206

SRA-PDB-22-
1206

SRA-PDB-20 SRA-PDB-21 SRA-PDB-22
12/05/06 12/05/06 12/05/06

NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA
NA NA NA

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-4A

ANALYTICAL RESULTS - 2009 OVERBURDEN GROUNDWATER
SOLVENT RELEASE AREA

NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

DRAFT FINAL

SAMPLE ID SRA-GW-
MW20316-
111909

SRA-GW-
MW20411-
1109-AVG

SRA-GW-
MW20501-
111809

LOCATION ID SRA-MW20-
316

SRA-
MW20-411

SRA-
MW20-501

SAMPLE DATE 11/19/09 11/18/09 11/18/09
SACODE NORMAL AVG NORMAL
QC TYPE PRG MCL BKG NM NM NM

VOLATILES (UG/L)
1,1,2-TRICHLOROETHANE 0.2 5 0.05  U 0.18  J 0.05  UJ
BENZENE 0.35 5 0.05  U 0.05  UJ 0.014  J
BROMODICHLOROMETHANE 0.18 80 0.062 0.05  UJ 0.05  UJ
BTEX 0.39  U 0.9  J 0.014  J
CHLOROFORM 0.17 80 0.42 0.10  UJ 0.11  J
ISOPROPYLBENZENE 66 0.5  U 0.55 0.5  U
METHYL TERT-BUTYL ETHER 6.2 0.5  U 0.50  U 0.2  J
TOTAL CHLORINATED 
ETHENES

0.32  UJ 0.16  J 0.23  UJ

TOTAL CHLORINATED VOCS 0.482  J 0.34  J 0.11  J
TOTAL XYLENES 21 0.5  U 0.90 0.5  U
TRICHLOROETHENE 0.028 5 0.05  U 0.16  J 0.05  UJ

SEMIVOLATILES (UG/L)
2,4,6-TRICHLOROPHENOL 6.1 0.94  U 0.18  J 0.94  U
BIS(2-
ETHYLHEXYL)PHTHALATE

4.8 6 9  U 3  J 9  U

METALS (UG/L)
ALUMINUM 3600 15341.35 65.9  UJ 564  J 2650  J
ARSENIC 0.045 10 3.1  J 1.275  J 1.5  U
BARIUM 730 2000 181.32 30.3 32.2 59.7  J
BERYLLIUM 7.3 4 0.77 0.05  U 0.10  J 0.23  J
CALCIUM 19187.09 24000 13950 11000
COBALT 73 8.5 2 1.5 2.9
COPPER 150 1300 13.5 0.35  U 0.76  UJ 2.8  J
IRON 2600 44137.52 126  U 9945 3140
LEAD 15 15 0.05  U 0.77  J 2.9
MAGNESIUM 14205.47 16900 4710 7600
MANGANESE 88 2680.63 909 1850 634  J
NICKEL 73 1.8 0.855  J 5.4  J
POTASSIUM 6177.62 2140 1300 2240
SODIUM 47342.14 30000 25200 385000
VANADIUM 3.6 22.6 2.1  UJ 3.1  UJ 7.9
ZINC 1100 51.7 5.2  J 6.55  J 20.4

W5208525DF
BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED; U - NOT DETECTED; 
UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED CTO WE11



TABLE 4-5

ANALYTICAL RESULTS -  SHALLOW BEDROCK GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS

DRAFT FINAL

SAMPLE ID SRA-GW-MW10-
402-1106

SRA-GW-MW10-
404-1106

SRA-GW-MW10-
405D1-1106-AVG

SRA-GW-
MW10405D1-1207R

SRA-GW-MW10-
406D1-1106

SRA-GW-MW10-
407D1-1106

SRA-GW-MW10-
408D1-1106

SRA-GW-
MW10408D1-1207R

SRA-GW-MW10-
409D1-1106

SRA-GW-MW10-
410D1-1106

SRA-GW-MW10-
411D1-1106

SRA-GW-MW10-
412D1-1106

SRA-GW-MW10-
302D-1106

SRA-GW-MW10-
304D-1106

LOCATION ID MW10-402 MW10-404 MW10-405D1 MW10-405D1 MW10-406D1 MW10-407D1 MW10-408D1 MW10-408D1 MW10-409D1 MW10-410D1 MW10-411D1 MW10-412D1 MW-302D MW-304D 
SAMPLE DATE 11/10/06 11/13/06 11/20/06 12/12/07 11/14/06 11/14/06 11/15/06 12/12/07 11/14/06 11/17/06 11/14/06 11/15/06 11/10/06 11/09/06
SAMPLE CODE

FRACTION (UNITS) PARAMETER
1,1,1-TRICHLOROETHANE 910 200 0.5  U 0.5  U 77.5  U 100  U 0.5  U 0.5  U 5  U 0.5  U 0.84  0.97  0.5  U 0.5  U 0.5  U 0.5  U
1,1-DICHLOROETHANE 91 0.5  U 0.5  U 77.5  U 100  U 0.5  U 0.5  U 5  U 0.5  U 1  0.89  0.5  U 0.5  U 0.5  U 0.5  U
1,1-DICHLOROETHENE 34 7 0.5  U 0.5  U 77.5  U 100  U 0.5  U 0.5  U 5  U 0.5  U 0.35  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
CIS-1,2-DICHLOROETHENE 6.1 70 14  6.9  54  100  U 0.5  U 0.5  U 5  UJ 0.61  0.5  U 0.5  U 0.5  U 0.5  U 13 0.5  U
METHYL TERT-BUTYL ETHER 6.2 0.5  U 0.5  U 77.5  U 100  U 0.5  U 0.5  U 5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.6  0.5  U
TETRACHLOROETHENE 0.1 5 1400  110  4000  3900  0.88  0.1  U 120  18  0.1  U 0.1  0.25  J 1  2100  9.1  U
TOTAL 1,2-DICHLOROETHENE 6.1 5 14.33  J 6.9  54  100  U 0.5  U 0.5  U 5  UJ 0.61  0.5  U 0.5  U 0.5  U 0.5  U 13.41  J 0.5  U
TOTAL CHLORINATED 
ETHENES

1420.93  J 120  J 4094  J 3900  1.02  0.2  U 120  J 23.51  0.2  U 0.1  0.25  J 1  2120.41  J 0.21 

TOTAL CHLORINATED VOCS 1420.93  J 120  J 4094  J 3900  J 1.02  0.33  U 120  J 23.51  J 2.19  J 1.96  0.25  J 1  2120.41  J 0.21  J
TRANS-1,2-DICHLOROETHENE 11 100 0.33  J 0.5  U 77.5  U 100  U 0.5  U 0.5  U 5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.41  J 0.5  U
TRICHLOROETHENE 0.028 5 6.6  3.1  J 40  J 100  U 0.14 0.1  U 0.4  U 4.9 0.1  U 0.1  U 0.1  UJ 0.1  U 7  0.21 

VOLATILE GASES 
(UG/L)

METHANE NA NA 14  U NA 14  U 14  U 14  U NA 14  U NA 22  14  U NA NA

3,3'-DICHLOROBENZIDINE 0.15 3 0.1  UJ 0.1  UJ NA 0.1  UJ 0.1  UJ 0.1  UJ NA 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ

CAPROLACTAM 1800 10  UJ 10  UJ 5  J NA 10  UJ 50  J 30  J NA 7  J 9  J 10  UJ 18  J 10  UJ 10  UJ
LOW MOLECULAR WEIGHT 
PAHS

0.1  UJ 0.1  U 0.1  U NA 0.1  U 0.14  0.1  U NA 0.1  U 0.1  U 0.11  0.1  U 0.1  UJ 0.1  UJ

NAPHTHALENE 0.62 0.1  U 0.1  U 0.1  U NA 0.1  U 0.14  0.1  U NA 0.1  U 0.1  U 0.11  0.1  U 0.1  U 0.1  U
PHENOL 1100 0.15  0.1  U 0.1  U NA 0.1  UJ 0.1  UJ 0.1  UJ NA 0.1  UJ 0.1  UJ 0.1  UJ 0.1  UJ 0.1  U 0.1  U
TOTAL PAHS 0.0775 0.1  UJ 0.1  UJ 0.1  U NA 0.1  UJ 0.14  J 0.1  UJ NA 0.1  UJ 0.1  U 0.11  J 0.1  UJ 0.1  UJ 0.1  UJ

PESTICIDES/PCBS
(UG/L)

ENDOSULFAN I 22 0.01  U 0.01  UJ 0.01  U NA 0.01  U 0.01  U 0.01  U NA 0.01  U 0.03  0.01  U 0.01  U 0.01  U 0.01  U

ALUMINUM 3600 15341.4 51.5  J 132  35.2  J NA 551  1180  47.3  J NA 32  UJ 843  166  41  J 74.9  J 95.2  J
ARSENIC 0.045 10 0.1  U 0.119  UJ 0.134  J NA 0.761  J 1.83  0.102  UJ NA 0.102  UJ 1.36 0.567  UJ 0.1  U 0.1  U 0.137  J
BARIUM 730 2000 181.32 4.88  UJ 12.5  30.5  NA 34.5  17.3  44  NA 28.7  71.3  65.6  54.2  6.87  U 45.6 
BERYLLIUM 7.3 4 0.77 0.043  U 0.0506  J 0.043  U NA 0.043  U 0.0439  J 0.043  U NA 0.043  UJ 0.043  U 0.043  U 0.043  U 0.043  U 0.043  U
CADMIUM 1.8 5 0.195  J 0.094  U 0.094  U NA 0.094  U 0.094  U 0.094  U NA 0.094  U 0.094  U 0.094  U 0.094  U 0.094  U 0.094  U
CALCIUM 19187.1 9700  10900  25200  NA 26900  31600  34200  NA 41700  40900  33000  15200  26100  17500 
COBALT 73 8.5 3.12  J 0.102  UJ 0.155  UJ NA 0.213  UJ 0.407  UJ 0.0931  UJ NA 0.225  UJ 0.106  UJ 0.367  UJ 0.26  UJ 0.028  UJ 0.028  UJ
COPPER 150 1300 13.5 0.756  J 0.52  U 0.626  J NA 2.75  3.46  0.52  U NA 0.52  U 0.686  J 0.896  J 0.775  J 0.551  J 1.25  J
IRON 2600 44137.5 138  J 168  141  NA 510  655  169  NA 142  177  344  106  142  J 168  J
LEAD 15 15 0.151  UJ 0.181  UJ 0.075  U NA 0.676  J 0.927  J 0.075  U NA 0.075  U 0.075  U 0.379  UJ 0.0972  UJ 0.199  UJ 0.22  UJ
MAGNESIUM 14205.5 8720  3970  7930  NA 5580  151  7440  NA 30300  4440  5970  6950  8260  5880 
MANGANESE 88 2680.63 4.22  J 4.37  J 120  NA 30.9  14.5  52.9  NA 52.2  6.83  J 413  62.3  8.77  J 7.77  J
MERCURY 1.1 0.0337  UJ 0.018  U 0.0214  UJ NA 0.018  U 0.0181  J 0.018  U NA 0.0239  J 0.031  UJ 0.018  U 0.018  U 0.018  U 0.018  U
NICKEL 73 1.54  J 0.919  J 1.04  UJ NA 2.85  UJ 2.32  UJ 1.38  UJ NA 2.01  UJ 1.53  UJ 1.56  UJ 1.42  J 0.797  UJ 0.74  J
POTASSIUM 6177.62 753  J 768  1490  NA 2300  2930  1030  NA 1930  J 2610  1790  3180  778  J 2280  J
SELENIUM 18 50 0.375  UJ 0.377  UJ 0.522  UJ NA 6.06  0.338  UJ 0.571  UJ NA 0.19  UJ 0.214  UJ 0.187  UJ 0.267  UJ 0.281  UJ 0.291  UJ
SODIUM 47342.1 13100  11900  30400  NA 69400  64200  23800  NA 26000  20300  21800  22100  14100  12300 
VANADIUM 3.6 22.6 0.383  J 0.333  J 0.191  UJ NA 1.02  J 8.25  0.202  UJ NA 0.17  UJ 1.4  J 0.553  J 0.218  UJ 0.336  J 0.456  J
ZINC 1100 51.7 4.12  UJ 5.72  UJ 3.32  J NA 11.8  U 8.11  UJ 2.32  UJ NA 3.78  UJ 13.2  7.04  UJ 11  U 2.45  UJ 3.51  UJ
ALKALINITY NA NA 88  NA 100  180  90  NA 220  NA 84  51  NA NA
AMMONIA-N NA NA 0.2  U NA 0.2  U 0.22  0.2  U NA 0.2  U NA 0.2  U 0.2  U NA NA
CHLORIDE 250 NA NA 35  J NA 16  U 28  35  NA 42  NA 47  35  NA NA
NITRATE-N 10 NA NA 0.51  NA 0.93  0.13  U 0.13  U NA 0.44  NA 0.13  U 0.13  U NA NA
SULFATE 250 NA NA 21  NA 120  12  16  NA 17  NA 13  12  NA NA
TOTAL ORGANIC CARBON NA NA 1  U NA 3  8.2  1.1  NA 1.6  NA 2  1.3  NA 1  U

FIELD (MG/L) FERROUS IRON NA NA 0.03  UJ NA 0.04  0.14  0.05  J NA 0.03  U NA 0.13  0.05  NA 0.03 

MISCELLANEOUS
PARAMETERS
(MG/L)

METALS (UG/L)

BKGPRG MCL
VOLATILES (UG/L)

SEMIVOLATILES
(UG/L)

W5208525DF
 BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED; U - NOT DETECTED;

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-5A

ANALYTICAL RESULTS - 2009 SHALLOW BEDROCK GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS

DRAFT FINAL

SAMPLE ID SRA-GW-
MW20412-
111909

SRA-GW-
MW20504
D-1109

LOCATION ID SRA-
MW20-
412

SRA-
MW20-
504D

SAMPLE DATE 11/19/09 11/23/09
SACODE NORMAL NORMAL
QC TYPE PRG MCL BKG NM NM
SEMIVOLATILES (UG/L)
2,4,6-TRICHLOROPHENOL 6.1 0.94  U 0.22  J
METALS (UG/L)
ALUMINUM 3600 15341.4 1360  J 266  UJ
ARSENIC 0.05 10 2.7  J 3.6  J
BARIUM 730 2000 181.32 38.8 18.9
BERYLLIUM 7.3 4 0.77 0.21  J 0.05  U
CALCIUM 19187.1 3120 23900
COBALT 73 8.5 1.8 0.14  UJ
COPPER 150 1300 1.2  U 0.35  U
IRON 2600 44137.5 2210 226  U
LEAD 15 15 1.3 0.36  J
MAGNESIUM 14205.5 2020 5630
MANGANESE 88 2680.63 232 28.1
NICKEL 73 2.8 0.62  J
POTASSIUM 6177.62 2380 794  J
SODIUM 47342.1 14500 19300
VANADIUM 3.6 4.5  UJ 4.6  UJ
ZINC 1100 51.7 12 3.55  U

W5208525DF
BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED; U - NOT DETECTED;

 UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE CTO WE11



TABLE 4-6

ANALYTICAL RESULTS -  DEEP BEDROCK GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS

DRAFT FINAL

SAMPLE ID SRA-GW-MW10-
405D2-1106

SRA-GW-
MW10405D2-1207R

SRA-GW-MW10-
406D2-1106

SRA-GW-MW10-
407D2-1106

SRA-GW-MW10-
408D2-1106

SRA-GW-
MW10408D2-1207R

SRA-GW-MW10-
409D2-1106

SRA-GW-MW10-
410D2-1106

SRA-GW-MW10-
411D2-1106

SRA-GW-MW10-
412D2-1106

LOCATION ID MW10-405D2 MW10-405D2 MW10-406D2 MW10-407D2 MW10-408D2 MW10-408D2 MW10-409D2 MW10-410D2 MW10-411D2 MW10-412D2 
SAMPLE DATE 11/15/06 12/13/07 11/17/06 11/20/06 11/17/06 12/12/07 11/16/06 11/16/06 11/20/06 11/17/06
SAMPLE CODE

FRACTION (UNITS) PARAMETER
VOLATILES (UG/L) 1,2-DICHLOROBENZENE 37 600 500  U 250  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.97  0.5  U 0.5  U

CHLOROBENZENE 9 100 500  U 250  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.48  J 0.5  U 0.5  U
CHLOROFORM 0.17 80 500  U 250  U 0.1  U 0.1  U 0.34  U 0.32  J 0.1  U 0.1  U 0.1  U 0.1  U
CIS-1,2-DICHLOROETHENE 6.1 70 500  U 170  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
METHYL TERT-BUTYL ETHER 6.2 500  U 250  U 0.5  U 0.5  U 0.35  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
TETRACHLOROETHENE 0.1 5 8900  5600  0.31  0.1  U 2.5  1.3  0.1  U 0.1  U 6.3  0.6 
TOTAL 1,2-DICHLOROETHENE 6.1 5 500  U 170  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U
TOTAL CHLORINATED 
ETHENES

8900  5770  J 0.31  0.2  U 2.5  1.3  0.2  U 0.2  U 6.3  0.71 

TOTAL CHLORINATED VOCS 8900  5770  J 0.31  0.33  U 2.5  1.62  J 0.34  UJ 1.45  J 6.3  0.71 
TRICHLOROETHENE 0.028 5 500  U 250  U 0.1  U 0.1  U 0.1  U 0.5  U 0.1  U 0.1  U 0.1  U 0.11

SEMIVOLATILES
(UG/L)

2,4-DINITROPHENOL 7.3 0.5  U NA 0.27  J 20  UJ 20  UJ NA 20  UJ 40  UJ 20  UJ 40  UJ

2-METHYLPHENOL 180 0.1  U NA 0.1  U 0.16  0.1  U NA 0.1  U 0.1  U 0.1  U 0.1  U
CAPROLACTAM 1800 10  J NA 10  UJ 32  J 19  J NA 10  UJ 200  J 10  UJ 160  J
LOW MOLECULAR WEIGHT 
PAHS

0.1  NA 0.19  0.22  0.12  NA 0.12  0.1  U 0.1  U 0.1  U

NAPHTHALENE 0.62 0.1  NA 0.19  0.22  0.12  NA 0.12  0.1  U 0.1  U 0.1  U
PENTACHLOROPHENOL 0.56 1 0.5  U NA 0.21  J 0.72  J 20  U NA 20  U 40  U 20  U 1.8  J
TOTAL PAHS 0.0775 0.1  J NA 0.19  0.22  0.12  NA 0.12  0.1  U 0.1  U 0.1  U

PESTICIDES/PCBS
(UG/L)

ENDOSULFAN I 22 0.01  U NA 0.01  U 0.01  U 0.01  U NA 0.01  U 0.074  0.01  U 0.04 

METALS (UG/L) ALUMINUM 3600 15341.4 32  U NA 855  62.5  32  U NA 939  694  59.4  567 
ARSENIC 0.045 10 0.104  UJ NA 0.861  J 0.1  U 0.122  J NA 1.29  3.11  0.1  U 1.21
BARIUM 730 2000 181.32 34.5  NA 54.3  4620 58.7  NA 61.7  58.1  536  60 
BERYLLIUM 7.3 4 0.77 0.043  U NA 0.0504  J 0.043  U 0.043  U NA 0.0544  J 0.043  U 0.043  U 0.043  U
CADMIUM 1.8 5 0.094  U NA 0.094  U 0.274  J 0.094  U NA 0.094  U 0.094  U 0.112  J 0.0966  J
CALCIUM 19187.1 29800  NA 21800  1580000  37800  NA 24100  28000  293000  19300 
COPPER 150 1300 13.5 0.52  U NA 2.16  8.78  0.52  U NA 4.86  7.5  1.44  J 8.29 
IRON 2600 44137.5 116  NA 808  7870 183  NA 721  768  1370  525 
LEAD 15 15 0.0963  UJ NA 1.48  0.702  J 0.075  U NA 1.19  1.38  0.132  J 1.7 
MAGNESIUM 14205.5 6380  NA 2850  231000  6720  NA 7890  3460  36200  4270 
MANGANESE 88 2680.63 31.3  NA 29.2  J 374  J 8.38  J NA 202  J 12.1  J 166  J 108  J
POTASSIUM 6177.62 949  NA 1720  18500  878  NA 3430  14100  3110  6100 
SELENIUM 18 50 0.24  UJ NA 2.28  0.223  UJ 0.148  UJ NA 23.1  29.9  0.301  UJ 16.6 
SODIUM 47342.1 16500  NA 37800  382000  16000  NA 185000  234000  71100  141000 
VANADIUM 3.6 22.6 0.224  UJ NA 1.59  J 0.049  U 0.0803  UJ NA 1.13  J 2.44  0.155  UJ 0.908  J
ZINC 1100 51.7 3.05  UJ NA 73.5  85  2.64  J NA 10.7  20.8  6.87  J 30.7 

BKGPRG MCL

W5208525DF
BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED;  U - NOT DETECTED; 

UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-6A

ANALYTICAL RESULTS - 2009 DEEP BEDROCK GROUNDWATER
SOLVENT RELEASE AREA
NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS

DRAFT FINAL

SAMPLE ID SRA-GW-
MW20502
D-112

SRA-GW-
MW20502
D-85

SRA-GW-
MW20503
D-1109

LOCATION ID SRA-
MW20-
502D

SRA-
MW20-
502D

SRA-
MW20-
503D

SAMPLE DATE 11/23/09 11/23/09 11/23/09
SACODE NORMAL NORMAL NORMAL
QC TYPE PRG MCL BKG NM NM NM

VOLATILES (UG/L)
2-BUTANONE 700 4  J 4  J 5  UJ
ACETONE 550 55  J 54  J 5  UJ
BENZENE 0.35 5 0.53 0.55 0.018  J
BTEX 0.53 0.55 0.118  J
CHLOROFORM 0.17 80 0.087  J 0.081  J 0.14  J
CIS-1,2-DICHLOROETHENE 6.1 70 0.5  U 0.5  U 60  J
METHYL TERT-BUTYL 
ETHER

6.2 0.5  U 0.5  U 0.6

TETRACHLOROETHENE 0.1 5 2 3 2600  J
TOLUENE 230 1000 0.5  U 0.5  U 0.1  J
TOTAL 1,2-
DICHLOROETHENE

6.1 5 0.5  U 0.5  U 63  J

TOTAL CHLORINATED 
ETHENES

2.07 3.056 2691.19  J

TOTAL CHLORINATED 
VOCS

2.157  J 3.137  J 2691.33  J

TRANS-1,2-
DICHLOROETHENE

11 100 0.5  U 0.5  U 3

TRICHLOROETHENE 0.03 5 0.07 0.056 28  J
VINYL CHLORIDE 0.02 2 0.05  U 0.05  U 0.19  J

METALS (UG/L)
ARSENIC 0.05 10 NA NA 2.8  J
BARIUM 730 2000 181.32 NA NA 35.9
CALCIUM 19187.09 NA NA 23100
COBALT 73 8.5 NA NA 0.87  J
IRON 2600 44137.52 NA NA 1150
LEAD 15 15 NA NA 0.28  J
MAGNESIUM 14205.47 NA NA 11500
MANGANESE 88 2680.63 NA NA 300
NICKEL 73 NA NA 5.2
POTASSIUM 6177.62 NA NA 13200
SODIUM 47342.14 NA NA 22400
ZINC 1100 51.7 NA NA 18.3

W5208525DF
BLACK BACKGROUND - EXCEEDS PRG; LIGHT SHADING - DETECTED; U - NOT DETECTED;

 UJ - DETECTION LIMIT APPROXIMATE; J -  QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT  ANALYZED CTO WE11



TABLE 4-7

NATURAL ATTENUATION PARAMETERS -  GROUNDWATER
SOLVENT RERLEASE AREA

NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS
PAGE 1 OF 2

DRAFT FINAL

MONITORING WELL SRA-405D1 MW10-406D1 MW10-407D1 MW10-408D1 MW10-409D1 MW10-411D1 MW10-412D1 MW-304D 

SAMPLE IDENTIFIER

SRA-GW-
MW10-405D1-
1106

SRA-GW-
MW10-406D1-
1106

SRA-GW-
MW10-407D1-
1106

SRA-GW-
MW10-408D1-
1106

SRA-GW-
MW10-409D1-
1106

SRA-GW-
MW10-411D1-
1106

SRA-GW-
MW10-412D1-
1106

SRA-GW-
MW10-304D-
1106

RELATIVE LOCATION TO CH108-
MW01

Downgradient 
South

Downgradient 
Southwest

Downgradient 
South

Upgradient 
Northwest

Downgradient 
Southwest

Downgradient 
South

Downgradient 
Southwest

Downgradient 
Southeast

ALKALINITY 88  100  180  90  220  84  51  NA
AMMONIA-N 0.2  U 0.2  U 0.22  0.2  U 0.2  U 0.2  U 0.2  U NA
CHLORIDE 35  J 16  U 28  35  42  47  35  NA
NITRATE-N 0.51  0.93  0.13  U 0.13  U 0.44  0.13  U 0.13  U NA
NITRITE-N 0.13  U 0.13  U 0.13  U 0.13  U 0.13  U 0.13  U 0.13  U NA
ORTHOPHOSPHATE-P 0.5  UJ 0.5  U 0.5  U 0.5  UJ 0.5  U 0.5  U 0.5  UJ NA
SULFATE 21  120  12  16  17  13  12  NA
SULFIDE 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ NA
TOTAL ORGANIC CARBON 1  U 3  8.2  1.1  1.6  2  1.3  1  U
FERROUS IRON 0.03  UJ 0.04  0.14  0.05  J 0.03  U 0.13  0.05  0.03  

ETHANE 26  U 26  U 26  U 27  U 26  U 26  U 26  U NA
ETHENE 35  U 35  U 35  U 36  U 35  U 35  U 35  U NA
METHANE 14  U 14  U 14  U 14  U 14  U 22  14  U NA

TEMPERATURE (°C) 10.9 14.2 16.2 12.5 12.5 16.3 13.0 11.4
SPECIFIC CONDUCTIVITY 
( S/ )

333 354 501 345 520 334 252 215
pH 7.16 7.67 11.07 7.23 6.63 7.19 6.57 7.10
OXIDATION REDUCTION 
POTENTIAL (mV) 247 245 134 147 317 198 228 201

DISSOLVED OXYGEN (mg/L) 3.15 3.91 0.43 1.81 1.13 2.13 2.95 4.32

SHALLOW BEDROCK GROUNDWATER

FIELD MEASURMENTS IMMEDIATELY PRIOR TO SAMPLING

MISCELLANEOUS ANALYTICAL PARAMETER (MG/L)

VOLATILE GASES (UG/L)

W5208525DF CTO WE11



TABLE 4-7

NATURAL ATTENUATION PARAMETERS -  GROUNDWATER
SOLVENT RERLEASE AREA

NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS
PAGE 2 OF 2

DRAFT FINAL

MONITORING WELL CH108-MW 02 MW10-400 MW10-401 MW10-403 MW10-405 MW10-406 MW10-407 MW10-408 MW-303 MW-304 MW-338 MW-339 MW-BG4 

SAMPLE IDENTIFIER

SRA-GW-
CH108-MW02-
1106

SRA-GW-
MW10-400-
1106

SRA-GW-
MW10-401-
1106

SRA-GW-
MW10-403-
1106

SRA-GW-
MW10-405-
1106-AVG

SRA-GW-
MW10-406-
1106-AVG

SRA-GW-
MW10-407-
1106

SRA-GW-
MW10-408-
1106

SRA-GW-
MW10-303-
1106

SRA-GW-
MW10-304-
1106

SRA-GW-
MW10-338-
1106

SRA-GW-
MW10-339-
1106

SRA-GW-
MW10-BG4-
1206

RELATIVE LOCATION TO CH108-
MW01

South/ 
Southeast

South/ 
Southwest

East South South/ 
Southwest

Southwest South Northwest Southeast Southeast North Northeast Northeast

ALKALINITY 46  71  NA 43  110  26  53  100  54  99  20  U 20  U 20  U
AMMONIA-N 0.29  0.21  NA 0.25  0.2  U 0.245  0.2  U 0.25  1.1  0.26  0.2  U 0.2  U 0.31 
CHLORIDE 25  28  NA 15  41  J 26  19  43  J 12  12  15  12  8.4 
NITRATE-N 0.39  J 0.8  NA 0.22  0.45  0.13  U 0.13  U 0.13  U 0.13  U 0.13  U 0.13  U 0.13  U 0.13  U
NITRITE-N 0.13  UJ 0.13  U NA 0.13  U 0.13  U 0.13  UJ 0.13  UJ 0.13  U 0.13  UJ 0.13  UJ 0.13  UJ 0.13  UJ 0.13  U
ORTHOPHOSPHATE-P 0.5  UJ 0.5  UJ NA 0.5  UJ 0.5  UJ 0.5  UJ 0.5  UJ 0.5  UJ 0.5  UJ 0.5  UJ 1.9  UJ 0.5  UJ 0.63  UJ
SULFATE 21  23  NA 26  9.2  11.5  12  12  17  14  16  14  14 
SULFIDE 0.03  UJ 0.03  UJ NA 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ 0.03  UJ
TOTAL ORGANIC CARBON 1.1  1.1  1  U 1.3  1  U 3.15  6.5  1.4  10  1.1  1.1  1  U 9.8 
FERROUS IRON (field analysis) 0.03  U 0.03  U 0.04  0.04  0.0225  0.0225  0.07  U 0.46  25.8  0.32  0.06  U 0.03  U NA

ETHANE 26  U 27  U NA 26  U 27  U 26  U 26  U 26  U 26  U 26  U 26  U 26  U 26  U
ETHENE 35  U 36  U NA 35  U 36  U 35  U 35  U 35  U 34  U 35  U 35  U 35  U 35  U
METHANE 14  U 14  U NA 14  U 14  U 14  U 14  U 14  U 13  U 18  14  U 14  U 14  U

TEMPERATURE (°C) 13.9 12.2 12.7 11.7 11.6 12.8 14.8 12.9 13.7 13.3 13.0 12.7 10.6
SPECIFIC CONDUCTIVITY 
(mS/cm) 231.00 293.00 185.00 173.00 394.00 169.00 195.00 417.00 254.00 260.00 107.00 127.00 117.00

pH 6.43 6.24 6.34 5.96 6346.00 5.74 6.89 6.40 6.04 6.63 4.77 6.03 6.22
OXIDATION REDUCTION 
POTENTIAL (mV) 153 235 190.8 189 186 217 210 65 -16.4 29 371 235 184

DISSOLVED OXYGEN (mg/L) 5.23 7.30 5.95 7.53 4.27 0.60 0.53 4.03 0.68 1.31 8.17 8.48 5.90

VOLATILE GASES (�g/L)

FIELD MEASUREMENTS IMMEDIATELY PRIOR TO SAMPLING

OVERBURDEN GROUNDWATER

MISCELLANEOUS ANALYTICAL PARAMETERS (MG/L)

W5208525DF CTO WE11



TABLE 4-7A

NATURAL ATTENUATION PARAMETERS 2009 -  GROUNDWATER
SOLVENT RERLEASE AREA

NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

DRAFT FINAL

MONITORING WELL
MW20-316 MW20-411 MW20-501

MONITORING WELL
MW20-412 MW20-504D

SAMPLE IDENTIFIER

SRA-GW-
MW20316-
111909

SRA-GW-
MW20411-1109-
AVG

SRA-GW-
MW20501-
111809 SAMPLE IDENTIFIER

SRA-GW-
MW20412-
111909

SRA-GW-
MW20504D-
1109

RELATIVE LOCATION TO CH108-
MW01

Downgradient
Southwest

Downgradient
South

Downgradient
South RELATIVE LOCATION TO CH108-

MW01

Downgradient
Southwest

Downgradie
nt South

ALKALINITY 78 84 130 ALKALINITY 9.1 43
AMMONIA-N 0.1  U 0.0455  J 0.1  U AMMONIA-N 0.1  U 0.1  U
CHLORIDE 67 12.5 480 CHLORIDE 23 49
NITRATE-N 0.77 0.05  U 0.27 NITRATE-N 0.05  U 0.05  U
NITRITE-N 0.05  U 0.025  J 0.03  J NITRITE-N 0.05  U 0.05  U
ORTHOPHOSPHATE-P 0.016  J 0.0245  J 0.14 ORTHOPHOSPHATE-P 0.033  J 0.19
SULFATE 19 8.75 59 SULFATE 9.7 7.8
SULFIDE 1  U 1  U 1  U SULFIDE 1  U 1.2
TOTAL ORGANIC CARBON 1.2 5.6 5.7 TOTAL ORGANIC CARBON 8.8 1
FERROUS IRON (field analysis) 0.07 2.19 0.53 FERROUS IRON 1.45 0.05

TEMPERATURE (°C) 11.3 13.6 14.2 TEMPERATURE (°C) 10.5 15.1
SPECIFIC CONDUCTIVITY 
(mS/cm) 422.00 248.00 154.80

SPECIFIC CONDUCTIVITY 
(mS/cm) 90 316

pH 6.35 6.51 6.08 pH 5.53 7.78
OXIDATION REDUCTION 
POTENTIAL (mV) -258 -435 165.0

OXIDATION REDUCTION 
POTENTIAL (mV) 150 164

DISSOLVED OXYGEN (mg/L) 3.18 0.32 0.60 DISSOLVED OXYGEN (mg/L) 1.18 0.73

MONITORING WELL MW20-503D

SAMPLE IDENTIFIER

SRA-GW-
MW20503D-
1109

RELATIVE LOCATION TO CH108-
MW01

North

ALKALINITY 84
AMMONIA 0.1  U
CHLORIDE 38
NITRATE-N 0.099
NITRITE-N 0.05  U
ORTHOPHOSPHATE-P 0.026  J
SULFATE 30
SULFIDE 1  U
TOTAL ORGANIC CARBON 0.84  J
FERROUS IRON 0.12

TEMPERATURE (°C) 10.8
SPECIFIC CONDUCTIVITY 
(mS/cm) 272

pH 6.65
OXIDATION REDUCTION 
POTENTIAL (mV) -259

DISSOLVED OXYGEN (mg/L) 0.99

DEEP BEDROCK GROUNDWATER

MISCELLANEOUS ANALYTICAL PARAMETER 
(MG/L)

FIELD MEASURMENTS IMMEDIATELY PRIOR TO 

FIELD MEASUREMENTS IMMEDIATELY PRIOR TO SAMPLING

OVERBURDEN GROUNDWATER

FIELD MEASURMENTS IMMEDIATELY PRIOR TO SAMPLING

MISCELLANEOUS ANALYTICAL PARAMETER (MG/L)

SHALLOW BEDROCK GROUNDWATER

MISCELLANEOUS ANALYTICAL PARAMETERS (MG/L)

W5208525DF CTO WE11
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APPENDIX B

PRG CALCULATIONS









































































































































APPENDIX C

CONTAMINANT MASS CALCULATIONS



NAS Sout h Weym out h
Solvent  Release Area
COC Mass Calcu lat ions - PCE Plum es (5, 1,000, and 10,000 ug/ L)

Rev 11/22/11
foc 0.002
bulk density, lb/ft3 (overburden) 110
bulk density, lb/ft3 (bedrock) 162

Zone 

Thickness (ft)
Location

Area within          

10,000 ug/L PCE 

Plume (ft2)

Total 

Volume in 

Place (ft3)

n

Volume in 

Water 

(gallons)

Average 

Concentration               

(ug/L)

Contaminant              

(lb)

Koc             

(L/kg)

Kd                    

(L/kg)

Cs               

(ug/kg)

Soil mass    

(lb)

Amount 

Sorbed           

(lb)

15 Overburden 10,000 ug/L PCE Plume 6,200 93,000 0.2 139,000 16,000 1.85E+01 665 1.33 21,280 10,230,000 2.18E+02
15 Overburden 5 ug/L TCE Plume 6,200 93,000 0.2 139,000 130 1.51E-01 160 0.32 41.6 10,230,000 4.26E-01
15 Overburden 70 ug/L Cis-1,2-DCE Plume 6,200 93,000 0.2 139,000 785 9.10E-01 35 0.07 54.95 10,230,000 5.62E-01
15 Overburden 2 ug/L VC Plume 1,600 24,000 0.2 36,000 3.3 9.90E-04 8.2 0.0164 5.41E-02 2,640,000 1.43E-04

Total 1.96E+01 Total 2.19E+02

Zone 

Thickness (ft)
Location

Area between           

1,000 and 10,000 

ug/L PCE Plume 

(ft2)

Total 

Volume in 

Place (ft3)

n

Volume in 

Water 

(gallons)

Average 

Concentration               

(ug/L)

Contaminant              

(lb)

Koc             

(L/kg)

Kd                    

(L/kg)

Cs               

(ug/kg)

Soil mass    

(lb)

Amount 

Sorbed           

(lb)

15 Overburden 1,000 ug/L PCE Plume 53,800 807,000 0.2 1,207,000 6,183 6.22E+01 665 1.33 8,223 88,770,000 7.30E+02
15 Overburden 5 ug/L TCE Plume 53,800 807,000 0.2 1,207,000 100 1.01E+00 160 0.32 32 88,770,000 2.84E+00
15 Overburden 70 ug/L Cis-1,2-DCE Plume 26,600 399,000 0.2 597,000 116 5.77E-01 35 0.07 8.12 43,890,000 3.56E-01

Total 6.38E+01 Total 7.33E+02

Zone 

Thickness (ft)
Location

Area within          

1,000 ug/L PCE 

Plume (ft2)

Total 

Volume in 

Place (ft3)

Volume of 

Soil Fines                               

(ft3)

n
Volume in Water 

(gallons)

Average 

Concentration               

(ug/L)

Contaminant              

(lb)

Koc             

(L/kg)

Kd                    

(L/kg)

Cs               

(ug/kg)

Soil mass    

(lb)

Amount 

Sorbed           

(lb)

15 Shallow Bedrock 1,000 ug/L PCE Plume 78,800 1,182,000 94,560 0.02 177,000 2,467 3.64E+00 665 1.33 3,281 15,341,414 1.51E+02
20 Deep Bedrock 1,000 ug/L PCE Plume 78,800 1,576,000 126,080 0.02 236,000 4,925 9.69E+00 665 1.33 6,550 20,455,219 4.02E+02
15 Shallow Bedrock 5 ug/L TCE Plume 62,000 930,000 74,400 0.02 139,000 18 2.09E-02 160 0.32 5.76 12,070,656 2.09E-01
20 Deep Bedrock 5 ug/L TCE Plume 62,000 1,240,000 99,200 0.02 186,000 28 4.34E-02 160 0.32 8.96 16,094,208 4.33E-01
20 Deep Bedrock 70 ug/L Cis-1,2-DCE Plume 19,100 382,000 30,560 0.02 57,000 170 8.08E-02 35 0.07 11.9 4,958,054 1.77E-01

Total 1.35E+01 Total 5.54E+02

Zone 

Thickness (ft)
Location

Area between          

5 and 1,000 ug/L 

PCE Plume (ft2)

Total 

Volume in 

Place (ft3)

Volume of 

Soil Fines                                    

(ft3)

n
Volume in Water 

(gallons)

Average 

Concentration               

(ug/L)

Contaminant               

(lb)

Koc             

(L/kg)

Kd                    

(L/kg)

Cs               

(ug/kg)

Soil mass    

(lb)

Amount 

Sorbed           

(lb)

15 Overburden 5 ug/L PCE Plume 204,000 3,060,000 --- 0.2 4,578,000 268 1.02E+01 665 1.33 356 336,600,000 1.20E+02
15 Shallow Bedrock 5 ug/L PCE Plume 217,200 3,258,000 260,640 0.02 487,000 115 4.67E-01 665 1.33 153 42,286,234 1.94E+01
20 Deep Bedrock 5 ug/L PCE Plume 217,200 4,344,000 347,520 0.02 650,000 6.3 3.41E-02 665 1.33 8 56,381,645 1.42E+00
15 Overburden 5 ug/L TCE Plume 215,500 3,232,500 --- 0.2 4,836,000 19 7.66E-01 160 0.32 6.08 355,575,000 2.16E+00
15 Overburden 70 ug/L Cis-1,2-DCE Plume 38,000 570,000 --- 0.2 853,000 120 8.53E-01 35 0.07 8.4 62,700,000 5.27E-01

Total 1.23E+01 Total 1.43E+02

Cs = Concentrations in dry soil (sorbed phase), ug/kg ρw = density of water, lb/ft3 Vs = Volume of soil fines
Cw = concentration in water, ug/L Cs = Kd x Cw Vw = Volume of water
foc = fraction organic carbon Koc x foc = Kd Vs = 0.08Vt
n = porosity Kd = Cs/ Cw

Koc = partition coefficient, L/kg Kd * Cw  = Cs

Kd = partition coefficient; L/kg Koc x foc = Kd
ρs = soil true density, lb/ft3 n = Volume void (Vv)/Volume total (Vt)
ρbs = soil bulk density, lb/ft3 n = 1-(ρbs/ρs)

Aqueous Contaminant Sorbed

Aqueous Contaminant Sorbed

Aqueous Contaminant Sorbed

Aqueous Contaminant Sorbed
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW JWL DATE:

Date: 06/08/2012 Date: 11/20/2012

PURPOSE:

DISCUSSION:

CALCULATIONS:

Alternative G-1: No Action

Five year reviews are required under this alternative.

Alternative G-2: Monitoring, Engineering Controls, and LUCs

Component 1: Monitoring

Groundwater Monitoring

Assume 10 new wells will be installed, with 5 wells in overburden and 5 wells in bedrock
No. of overburden new wells = 5

Ave. depth of overburden new well = 15 ft
No. of bedrock new wells = 5

Ave. depth of bedrock new well = 25 ft
Total drilling depth = 200 ft

Assume 13 existing wells and the 10 new wells will be monitored at the following frequency:
Year 1: Quarterly

Years 2 & 3: Semi-annually
Years 4 - 30: Annually

including:
20 wells will be analyzed for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and manganese
1 well (MW10-412D2) will be analyzed for PCP.
1 well (MW10-402) will be analyzed for 3,3’-dichlorobenzidine.

1 well (MW-303) will be analyzed for barium.

Surface Water Monitoring

Assume 4 surface water samples will be collected from the EMD at the following frequency:
Year 1: Quarterly

Years 2 & 3: Semi-annually
Years 4 - 30: Annually

Surface water samples will be analyzed for PCBs, PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and manganese.

Sediment Monitoring

Sediment samples will be analyzed for arsenic, iron, and manganese

Component 2: Engineering Controls

 

The purpose of this calculation is to determine the volumes, areas, and quantities of materials associated with the 
remedial action alternatives presented in the SRA FS.  These material and volume quantities are presented within 
the FS text and are used to support the cost estimates provided in Appendix D. 

The volume, area, and quantity calculations presented below are  based on the descriptions of the alternatives 
presented in Section 4.0 of the text and FS Figures 4-1 through 4-4.

SOUTH WEYMOUTH 112G02073 - FS.DF.SRA

SRA FS - CONCEPTUAL DESIGN CALCULATION SHEET

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

A fence would be installed around the portion of the EMD where potential recreational user risk greater than 1 x 10-

5 is present. 

Assume 4 sediment samples will be collected from the EMD at the same frequency as surface water monitoring

S:\South Weymouth - Joe Logan\SRA\Final FS\Appendices\Appendix D\App D Design Calcs - revised Nov 2012
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW JWL DATE:

Date: 06/08/2012 Date: 11/20/2012
 

SOUTH WEYMOUTH 112G02073 - FS.DF.SRA

SRA FS - CONCEPTUAL DESIGN CALCULATION SHEET

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

Length of Fence = 720 ft

Component 3: LUCs

Areas of LUCs are shown on Fig 4-1.

Five Year Reviews

Five year reviews are also required under this alternative.

Alternative G-3: One Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs

Component 1: Overburden Mulch PRB near EMD

Reference: AFCEE Mulch Barrier Guidance

PRB Dimensions

Per AFCEE guidance, the flux through the PRB will equal the flux through the aquifer.

qwall = qaq

q = v * ne

Therefore vwall * ne_wall = vaq * ne_aq

vwall = vaq * ne_aq / ne_wall

where 
q = flux (length/time)
K = hydraulic conductivity (length/time)
i = gradient (dimensionless)
v = seepage velocity (length/time)
ne = effective porosity (dimensionless)

wall = mulch PRB
aq = aquifer (overburden or bedrock)

Assume
ne_wall = 0.25

ne_aq = 0.2

vaq = 0.09 ft/day

Therefore vwall = 0.07 ft/day

Mulch PRB thickness
w = 2 ft

Residence time in mulch PRB
tres = 28 days, use 25 days

CPCE_PRG = 860 µg/L

Assume first order degradation in the mulch PRB for chlorinated solvents

Assume that the PRB will be 2 feet thick when installed with a continuous trench.  Multiple PRBs will be installed 
side by side if a larger thickness is needed.

The treatment goal of the mulch PRB in overburden near EMD is to meet the PRGs for protection of surface water 
in EMD

There is a great deal of uncertainty about the first-order decay coefficient.  Literature cites 0.1 to 0.2 day-1.  For this 

estimate, a value of 0.125 day-1 will be used.  

S:\South Weymouth - Joe Logan\SRA\Final FS\Appendices\Appendix D\App D Design Calcs - revised Nov 2012
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CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW JWL DATE:

Date: 06/08/2012 Date: 11/20/2012
 

SOUTH WEYMOUTH 112G02073 - FS.DF.SRA

SRA FS - CONCEPTUAL DESIGN CALCULATION SHEET

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

k = 0.125 day-1

First order decay: Ct = C0 * e
-kt

Assume Ct = CPCE_PRG

Ct = 860 µg/L

Maximum allowed C0_PCE entering the mulch PRB is

C0 = 19,574     µg/L

A 2ft barrier would reduce the incoming C0 of 100 µg/L to: 4 µg/L 

with the assumed 1st order degradation at 0.125 day-1

Therefore, one single barrier with 2ft thickness is considered adequate.

The dimension of the mulch PRB in the overburden near the EMD would be:
Thickness = 2 ft

Width = 150 ft
Average Depth = 15 ft

Total Volume = 4500 cf
= 167 cy

Assume 50% mulch and 50% sand (by volume)

Percentage of Mulch = 50% by volume
Volume of Mulch = 2250 cf

= 83 cy

Percentage of Sand = 50% by volume
Volume of Sand = 2250 cf

= 83 cy

Disposal of Excavated Soil

Volume of Non-hazardous Waste for Disposal = 167 cy

Replenishment of PRB

Generally, re-injected volume equals pore volume of the wall.  

Assume PRB porosity is
n = 0.4 (typical value)

Pore Volume =
= 1800 cf

Replenishment Ratio = 15%

Currently, the maxium PCE concentration at the leading edge of the plume entering the mulch PRB at the 

proposed location near the EMD (see Fig 4-2) is ~ 100 µg/L, much lower than C0 calculated above. 

Assume that excess water will drain back into the excavated areas.  However, because of the relatively low PCE 
concentrations, assume that all the excavated soil will be non-hazardous for TCLP-PCE  (The criterion is 700 

µg/L).

A 5-year life is the typical expectation for a mulch barrier, with replenishment of the organic material (using EOS or 
similar material) at 5-year intervals.

For this level of estimate, use “rule of thumb” that sufficient oil to fill 2 to 5 % of void space will last ~1 year.  

Assume 3% and 5 years, so 3% x 5 = 15% of the void space.

4500 cf x 0.4
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DRAWING NUMBER:

CHECKED BY: APPROVED BY:

Volume of EOS = 1800 cf x 15%
= 270 cf
= 2020 gal at each 5 year interval

Assume the replenishment will be conducted at Year 5, 10, 15, 20, and 25.

Well Spacing = 25 ft
# of Wells = 150 ft / 25 ft

= 6

Average Well Depth = 15 ft
Total Well Depth = 15 ft/well x 6 well

= 90 ft

Water added during EOS replenishment:

Assume 1 pore volume of groundwater will be pumped out of PRBs, mixed with the EOS, and then re-injected.

Volume of Water = 1 pore volume
= 1800 cf
= 13465 gal

Total Injection Vol = 2020 gal + 13465 gal

= 15485 gal

Assume the mixture of water and EOS can be injected at 20 gpm.

Injection Rate = 20 gpm
Injection Time = 15485 gal / 20 gpm

= 774 min
= 13 hour
= 2 days @8 hours/day

Say total of 4 days including mob/demob for 2 men crew

Component 2: Monitoring

Groundwater Monitoring

In summary, monitoring frequency is:
Year 1: Quarterly

Years 2 & 3: Semi-annually
Years 4 - 30: Annually

Analytes include:
21 wells will be analyzed for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and manganese
1 well (MW10-412D2) will be analyzed for PCP.
1 well (MW10-402) will be analyzed for 3,3’-dichlorobenzidine.

1 well (MW-303) will be analyzed for barium.

Surface Water Monitoring

Identical to that of Alt. 2.

Sediment Monitoring

Replenishment can be done through a horizontal well installed during PRB installation, or multiple vertical wells.  
For this, assume standard wells.  Because of the relatively low permeability, the wells can be spaces much wider 
than typical injection wells.  Assume 25 foot spacing.  

In additon to the 23 wells in Component 1 of Alt. G-2, 1 more overburden well immediately upgradient of the 
proposed mulch PRB near EMD will be included in the groundwater monitoring program and monitored for PCE, 
TCE, cis-1,2-DCE, VC, and arsenic at the same frequency of the other wells.
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SRA FS - CONCEPTUAL DESIGN CALCULATION SHEET

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

Identical to that of Alt. 2.

Component 3: Engineering Controls

This would be identical to Component 2 of Alt. G-2

Component 4: LUCs

This would be identical Component 3 of Alt. G-2. 
Areas of LUCs are shown on Fig 4-2.

Five Year Reviews

Five year reviews are also required under this alternative.

Alternative G-4: Two Overburden Mulch PRBs, Monitoring, Engineering Controls, and LUCs

Component 1: Overburden Mulch PRBs near EMD and at the upland edge

Mulch PRB at the upland edge

PRB Dimensions

Same as the PRB near EMD

tres = 25 days

CPCE_PRG = 370 µg/L

Assume first order degradation in the mulch PRB for chlorinated solvents

k = 0.125 day-1

Assume Ct = CPCE_PRG

Ct = 370 µg/L

Maximum allowed C0_PCE entering the mulch PRB is

C0 = 8,421       µg/L

A 2ft barrier would reduce the incoming C0 of 1,000 µg/L to: 44 µg/L 

with the assumed 1st order degradation at 0.125 day-1

Therefore, one single barrier with 2ft thickness is considered adequate.

The dimension of the mulch PRB in the overburden at the upland edge would be:
Thickness = 2 ft

Width = 125 ft
Average Depth = 15 ft

Total Volume = 3750 cf

Assume that the PRB will be 2 feet thick when installed with a continuous trench.  Multiple PRBs will be installed 
side by side if a larger thickness is needed.

The treatment goal of the mulch PRB in overburden at the upland edge is to meet the PRGs for exposure to 
construction workers.

Currently, the maxium PCE concentration at the leading edge of the plume entering the mulch PRB at the 

proposed location at the upland edge (see Fig 4-3) is ~ 1,000 µg/L, much lower than C0 calculated above. 

In addition to the mulch barrier near the EMD as Component 1 of Alt. G-C, one more mulch barrier would be 
installed at the upland edge to treat the overburden PCE plume entering the upland area.
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= 139 cy

Assume 50% mulch and 50% sand (by volume)

Percentage of mulch = 50% by volume
Volume of mulch = 1875 cf

= 69 cy

Percentage of sand = 50% by volume
Volume of sand = 1875 cf

= 69 cy

Disposal of Excavated Soil

Volume of Non-hazardous Waste for Disposal = 139 cy

Replenishment of PRB

Generally, re-injected volume equals pore volume of the wall.  

Assume PRB porosity is
n = 0.4 (typical value)

Pore Volume = 3750 cf x 0.4
= 1500 cf

Replenishment Ratio = 15%
Volume of EOS = 225 cf

= 1683 gal at each 5 year interval

Assume the replenishment will be conducted at Year 5, 10, 15, 20, and 25.

Well Spacing = 25 ft
# of Wells = 125ft / 25 ft

= 5

Average Well Depth = 15 ft
Total Well Depth = 15 ft/well x 5 well

= 75 ft

Water added during EOS replenishment:

Assume 1 pore volume of groundwater will be pumped out of PRBs, mixed with the EOS, and then re-injected.

Volume of Water = 1 pore volume
= 1500 cf
= 11221 gal

Total Injection Vol = 1683 gal + 11221 gal

= 12904 gal

Assume that excess water will drain back into the excavated areas.  However, because of the relatively low PCE 
concentrations, assume that all the excavated soil will be non-hazardous for TCLP-PCE  (The criterion is 700 

µg/L).

A 5-year life is the typical expectation for a mulch barrier, with replenishment of the organic material (using EOS or 
similar material) at 5-year intervals.

For this level of estimate, use “rule of thumb” that sufficient oil to fill 2 to 5 % of void space will last ~1 year.  

Assume 3% and 5 years, so 3% x 5 = 15% of the void space.

Replenishment can be done through a horizontal well installed during PRB installation, or multiple vertical wells.  
For this, assume standard wells.  Because of the relatively low permeability, the wells can be spaces much wider 
than typical injection wells.  Assume 25 foot spacing.  
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Assume the mixture of water and EOS can be injected at 20 gpm.

Injection Rate = 20 gpm
Injection Time = 12904 gal / 20 gpm

= 645 min
= 11 hour
= 2 days @8 hours/day

Say total of 4 days including mob/demob for 2 men crew

Totals of Two PRBs
Total PRB Length = 275 ft

Total Volume of Mulch = 153 cy
Total Volume of Sand = 153 cy

Total Volume of Non-hazardous Waste for Disposal = 306 cy
Total Volume of EOS for Replenishment = 3703 gal at each 5 year interval

Total # of Injection Wells = 11 ft
Total Well Depth to Be Constructed = 165 ft

Total Time for Each Injection = 8 days for 2 men crew

Component 2: Monitoring

Groundwater Monitoring

In summary, monitoring frequency is:
Year 1: Quarterly

Years 2 & 3: Semi-annually
Years 4 - 30: Annually

Analytes include:
22 wells will be analyzed for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and manganese
1 well (MW10-412D2) will be analyzed for PCP.
1 well (MW10-402) will be analyzed for 3,3’-dichlorobenzidine.

1 well (MW-303) will be analyzed for barium.

Surface Water Monitoring

Identical to that of Alt. 2.

Sediment Monitoring

Identical to that of Alt. 2.

Component 3: Engineering Controls

This would be identical to Component 2 of Alt. G-2

Component 4: LUCs

This would be identical Component 3 of Alt. G-2. 
Areas of LUCs are shown on Fig 4-3.

Five Year Reviews

Five year reviews are also required under this alternative.

Alternative G-5:

In additon to the 23 wells in Component 1 of Alt. G-2, 1 more overburden well immediately upgradient of the mulch 
PRB near EMD and 1 more overburden well immediately upgradient of the mulch PRB at upland edge  will be 
included in the groundwater monitoring program and monitored for PCE, TCE, cis-1,2-DCE, VC, and arsenic at the 
same frequency of the other wells.

Overburden and Bedrock Source Area Enhanced Bioremediation, One Overburden 

Mulch PRB, Monitoring, Engineering Controls, and LUCs
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Component 1: Overburden and Bedrock Source Area Enhanced Bioremediation

See Fig 4-4 for the locations of the Target Treatment Zones (TTZs). One in overburden, the other in bedrock.

TTZ in Overburden (>10,000 µg/L PCE)

Initial Injection of Sodium Lactate

Note:

1. TTZ dimensions
Units Value

feet 60
feet 100
feet 15
square feet 900
cubic feet 90,000
gallons 134,658
years 1

2. TTZ hydrogeologic properties
0.2
0.2

ft/day 1.17
ft/ft 0.015
ft/day 0.09
ft/year 32
gal/yr 43,129
gm/cm3 2.6

0.002

3. Initial treatment cell electron-acceptor demand (one pore volume)

A. Aqueous phase native electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
0.5 0.56 7.9 0.1 4 assumed value
0.41 0.46 10.2 0.0 5 CH108-MW01-1106
24.5 27.50 10.6 2.6 8 CH108-MW01-1106
10 11.23 5.5 2.0 8 assumed value

4.8

B. Solid phase native electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
0.112 0.13 27.5 0.005 1 CH108-MW01-1106 total Mn
0.196 0.22 55.9 0.004 1 CH108-MW01-1106 total Fe

0.009

C. Soluble contaminant electron acceptors

Saturated thickness
TTZ cross section (vertical)
TTZ volume
TTZ pore volume
Design performance period

Total porosity

Assume sodium lactate will be used for initial injection and is expected to last 1 year. EOS or a similar oil based 
material will be used to replenish the electron donor material subsequently.

Length (perpendicular to GW flow)
Width

In the calculation below, shaded is entered for each project based on information from RI, blue is 
given, and the rest are calculated

Soil bulk density
Soil fraction organic carbon (foc)

Oxygen
Nitrate
Sulfate
Carbon dioxide

Effective porosity
Average hydraulic conductivity
Average hydraulic gradient
Average seepage velocity through TTZ
Average seepage velocity through TTZ
Average groundwater flux through TTZ

Subtotal

Mn(IV)
Fe(III)

Subtotal

The quantities of electron donor are based on 99+% removal.  The target treatment concentration is 1,000 µg/L 
PCE, similar to downgradient concentration to be treated by the PRB.
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C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
10 11.23 20.6 0.54 8 assumed TTZ average

0.13 0.15 21.7 0.01 6 CH108-MW01-1106
0.445 0.50 24 0.02 4 CH108-MW01-1106
0.0033 0.00 31 0.0001 2 CH108-MW01-1106

0 0.00 25.4 0.0 8 CH108-MW01-1106
0 0.00 12.3 0.0 6 CH108-MW01-1106
0 0.00 22 0.0 6 CH108-MW01-1106
0 0.00 25 0.0 4 CH108-MW01-1106

0.000585 0.00 24 0.00003 4 CH108-MW01-1106
0.57

D. Sorbed contaminant electron acceptors

Koc, ml/g Cs, mg/kg mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
263 5.26 76.80 20.6 3.73 8
107 0.028 0.41 21.7 0.019 6

45 0.04 0.58 24 0.024 4
3 0.00002 0.0003 31 0.00001 2

224 0 0.00 25.4 0.0 8
63 0 0.00 12.3 0.0 6

105 0 0.00 22 0.0 6
30 0 0.00 25 0.0 4
65 0.00008 0.0011 24 0.00005 4

3.77

4. Treatment Cell Electron Acceptor Flux (per year)

A. Soluble native electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
8.17 2.94 7.9 0.37 4 MW338 upgradient well

0 0.00 10.2 0.00 5 MW338
16 5.75 10.6 0.54 8 MW338
10 3.60 5.5 0.7 8 assumed

1.57

B. Soluble contaminant electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
1 0.36 20.6 0.02 8 assume 10% of TTZ value

0.013 0.00 21.7 0.0002 6 assume 10% of TTZ value
0.0445 0.02 24 0.0007 4 assume 10% of TTZ value

0.00033 0.000 31 0.000004 2 assume 10% of TTZ value
0 0.00 25.4 0.0 8 assume 10% of TTZ value
0 0.00 12.3 0.0 6 assume 10% of TTZ value
0 0.00 22 0.0 6 assume 10% of TTZ value
0 0.00 25 0.0 4 assume 10% of TTZ value

0.0000585 0.00 24 0.000001 4 assume 10% of TTZ value
0.02

10.7

5. Design Factors on total Demand
5

53

cis-1,2-DCE
Vinyl chloride
Carbon tetrachloride
Chloroform
1,1,1-TCA
1,1-DCA

PCE
TCE

Vinyl chloride
Carbon tetrachloride
Chloroform
1,1,1-TCA
1,1-DCA
1,1-DCE

1,1-DCE
Subtotal

Cs = Koc x foc x Cw
PCE
TCE
cis-1,2-DCE

PCE
TCE
cis-1,2-DCE
Vinyl chloride
Carbon tetrachloride
Chloroform

Subtotal

Oxygen
Nitrate
Sulfate
Carbon dioxide

Subtotal

Total Demand (Design)

1,1,1-TCA
1,1-DCA
1,1-DCE

Subtotal

Total Demand

Factor (2 to 10)
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0.036

297
1,485

Assume Sodium Bicarbonate will be needed to buffer pH.
Assume the mass of sodium bicarbonate needed is twice that of sodium lactate.

Mass of Sodium Bicarbonate = 2970 lb

Permanent Injection Wells

Assume

10 ft

20 ft lines perpendicular to flow

Then
# of Rows = 100 ft / 20ft + 1 wells at grid nodes

= 6
# of Wells per Row = 60 ft / 10 ft + 1 wells at grid nodes

= 7
Total # of Wells = 42

Average Well Depth = 17 ft
Total Well Depth = 17 ft/well x 42 well

= 714 ft say 720 ft

Assume Sodium Lactate is purchased as 60% (weight) solution (typical pharmaceutical grade).

Mass of Sodium Lactate = 1,485 lb by design with safety factor
Percentage of Sodium Lactate = 60% by weight

Total Mass = 2,475       lb in purchased 60% product

10% by weight

Total Mass of Injection = 14,849     lb without sodium bicarbonate

Water in 60% Sodium Lactate = 990          lb

Clean Water Needed for Dilution = 12,374     lb

Density of Injection Solution = 1 g/ml assumed density of diluted solution is close to water
= 8.34 lb/gal

Assume the final volume of injection solution does not change after dissolving sodium bicarbonate in it.

Total Injection Vol = 1,781       gal

Assume the sodium lactate solution will be injected at a very low rate because of shallw depth to water, say 1 gpm.

Injection Rate = 1 gpm
Injection Time = 1,781 gal / 1 gpm

= 1781 min
= 30 hour
= 4 days @8 hours/day

Say total of 7

lb hydrogen per lb of sodium lactate

Sodium Lactate Requirement - NO SF
Sodium Lactate Requirement Design

Well Spacing along Rows 
perpendicular to Flow =

Spacing of Rows perpendicular to 
Flow =

Assume the 60% sodium lactate will be diluted with clean water to 10% (weight) and dissolved with sodium lactate 
before injection.

Percentage of Sodium Lactate in 
Injection Solution =

days including mob/demob and transition between wells for 2 
man crew
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Replenishment with a Emulsified Oil Substrate

Assume the substrate is soybean oil based with an approximate formula of C56H100O6

Molecular Weight = 868 g/mole

lb H2 per lb of oil = 0.363 Assume 315 e-1/mole soybean oil, typical value

Previous Total H2 Demand = 53 lb Design, Initial Injection
Replenishment Total H2 Demand = 27 lb Assume half of the initial injection dosage

Mass of Oil= 27 lb H2 / 0.363 lb H2/lb oil
= 74 lb

Percentage of Oil in Emulsion = 60% Assumed, typical value

Total Mass of Emulsified Oil = 74lb / 60%
= 123 lb

Density of Emulsified Oil = 0.97 g/ml Assumed, typical value
= 8.09 lb/gal

Total Volume of Emulsified Oil = 15 gal

Assumed the emulsified oil will be diluted by 30:1 in volume before injection
Dilution ratio = 30

Total Volume of Injection = 455 gal
Volume of Dilution Water = 440 gal

Assume the emulsion will be injected at a very low rate, say 1 gpm.

Injection Rate = 1 gpm
Injection Time = 455 gal / 1 gpm

= 455 min
= 8 hour
= 1 days @8 hours/day

Say total of 4

Wetland Replacement

The source area treatment will permanently impact wetlands. Therefore the impacted area will need to be replaced.

Assume the area of wetland replacement is the TTZ plus 10ft along each side for vehicle access.

Length of Overburden TTZ = 60 ft
Width of Overburden TTZ = 100 ft
Area of Overburden TTZ = 6000 sf

Area of Wetland Replacement = (60 + 10 + 10) x (100 + 10 + 10)
= 9600 sf
= 0.22 acre

TTZ in Bedrock (>8,000 µg/L PCE)

Initial Injection of Sodium Lactate

days including mob/demob and transition between wells for 2 
man crew

days including mob/demob and transition between wells for 2 
men crew

Assume sodium lactate will be used for initial injection and is expected to last 1 year. EOS or a similar oil based 
material will be used to replenish the electron donor material subsequently.

Assume EOS or another emulsified oil substrate will be added after 6 months and again 2 years later at half the 
dosage of sodium lactate.
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Note: In the calculation below, shaded is entered for each project, and blue is given.

1. TTZ dimensions
Units Value

feet 20
feet 20
feet 20
square feet 400
cubic feet 8,000
gallons 2,394
years 1

2. TTZ hydrogeologic properties
0.04
0.02

ft/day 0.09
ft/ft 0.015
ft/day 0.07
ft/year 24.64
gal/yr 1,475
gm/cm3 2.6

0.002

3. Initial treatment cell electron-acceptor demand (one pore volume)

A. Aqueous phase native electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
3.15 0.06 7.9 0.008 4 MW10-405D1
0.51 0.01 10.2 0.001 5 MW10-405D1
21 0.42 10.6 0.04 8 MW10-405D1
10 0.20 5.5 0.0 8 assumed value

0.085

B. Solid phase native electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
0.12 0.00 27.5 0.00009 1 MW10-405D1

0.141 0.00 55.9 0.00005 1 MW10-405D1
0.00014

C. Soluble contaminant electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
8 0.16 20.6 0.01 8 assumed TTZ average

0.04 0.00 21.7 0.00004 6 MW10-405D1
0.054 0.00 24 0.00004 4 MW10-405D1

0 0.00 31 0.0 2 MW10-405D2
0 0.00 25.4 0.0 8 MW10-405D2
0 0.00 12.3 0.0 6 MW10-405D2
0 0.00 22 0.0 6 MW10-405D2
0 0.00 25 0.0 4 MW10-405D2
0 0.00 24 0.0 4 MW10-405D2

0.01

D. Sorbed contaminant electron acceptors

Width
Saturated thickness
TTZ cross section (vertical)
TTZ volume
TTZ pore volume
Design performance period

Length (perpendicular to GW flow)

Average groundwater flux through TTZ
Soil bulk density
Soil fraction organic carbon (foc)

Oxygen
Nitrate
Sulfate

Total porosity
Effective porosity
Average hydraulic conductivity
Average hydraulic gradient
Average seepage velocity through TTZ
Average seepage velocity through TTZ

TCE
cis-1,2-DCE
Vinyl chloride
Carbon tetrachloride
Chloroform
1,1,1-TCA

Carbon dioxide
Subtotal

Mn(IV)
Fe(III)

Subtotal

PCE

1,1-DCA
1,1-DCE

Subtotal
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Koc, ml/g Cs, mg/kg mass, lb Stoic Hydrogen Electron 
263 4.208 5.46 20.6 0.27 8
107 0.00856 0.01 21.7 0.001 6

45 0.00486 0.01 24 0.0003 4
3 0 0.00 31 0.0 2

224 0 0.00 25.4 0.0 8
63 0 0.00 12.3 0.0 6

105 0 0.00 22 0.0 6
30 0 0.00 25 0.0 4
65 0 0.00 24 0.00000 4

0.27

4. Treatment Cell Electron Acceptor Flux (per year)

A. Soluble native electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
0.99 0.01 7.9 0.0015 4 MW20-503D

0.099 0.001 10.2 0.0001 5 MW20-503D
30 0.37 10.6 0.035 8 MW20-503D
10 0.12 5.5 0.022 8 assumed value

0.059

B. Soluble contaminant electron acceptors

C, mg/L mass, lb

Stoic 

demand, 

wt/wt H2

Hydrogen 

demand, lb

Electron 

equiv per 

mole
0.8 0.010 20.6 0.0005 8 assume 10% of TTZ value

0.004 0.00005 21.7 0.000002 6 assume 10% of TTZ value
0.0054 0.0001 24 0.000003 4 assume 10% of TTZ value

0 0.00 31 0.0 2 assume 10% of TTZ value
0 0.00 25.4 0.0 8 assume 10% of TTZ value
0 0.00 12.3 0.0 6 assume 10% of TTZ value
0 0.00 22 0.0 6 assume 10% of TTZ value
0 0.00 25 0.0 4 assume 10% of TTZ value
0 0.00 24 0.0 4 assume 10% of TTZ value

0.0005

0.4

5. Design Factors on total Demand
5

2

0.036

12
58

Assume Sodium Bicarbonate or EOS AquaBupH will be needed to buffer pH.
Assume the mass of sodium bicarbonate needed is twice that of sodium lactate.

Mass of Sodium Bicarbonate = 116 lb

Assume

10 ft

10 ft lines perpendicular to flow

cis-1,2-DCE
Vinyl chloride
Carbon tetrachloride
Chloroform
1,1,1-TCA
1,1-DCA

Cs = Koc x foc x Cw
PCE
TCE

TCE
cis-1,2-DCE
Vinyl chloride
Carbon tetrachloride

1,1-DCE
Subtotal

Oxygen
Nitrate
Sulfate
Carbon dioxide

Spacing of Rows perpendicular to 
Flow =

Factor (2 to 10)

Total Demand (Design)

lb hydrogen per lb of sodium lactate

Sodium Lactate Requirement - NO SF
Sodium Lactate Requirement Design

Well Spacing along Rows 
perpendicular to Flow =

Chloroform
1,1,1-TCA
1,1-DCA
1,1-DCE

Subtotal

Total Demand

Subtotal

PCE
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Then
# of Rows = 20 ft / 10ft +1 wells at grid nodes

= 3
# of Wells per Row = 20 ft / 10 ft +1 wells at grid nodes

= 3
Total # of Wells = 9

Average Well Depth = 37 ft
Total Well Depth = 37 ft/well x 9 well

= 333 ft say 340 ft

Assume Sodium Lactate is purchased as 60% (weight) solution.

Mass of Sodium Lactate = 58 lb by design with safety factor
Percentage of Sodium Lactate = 60% by weight

Total Mass = 97            lb in purchased 60% product

10% by weight

Total Mass of Injection = 580          lb without sodium bicarbonate

Water in 60% Sodium Lactate = 39            lb

Clean Water Needed for Dilution = 484          lb

Density of Injection Solution = 1 g/ml assumed density of diluted solution is close to water
= 8.34 lb/gal

Assume the final volume of injection solution does not change after dissolving sodium bicarbonate in it.

Total Injection Vol = 70            gal

Assume the sodium lactate solution will be injected at a very low rate, say 1 gpm.

Injection Rate = 1 gpm
Injection Time = 70 gal / 1 gpm

= 70 min
= 1 hour
= 1 days @8 hours/day

Say total of 4

EOS replenishment

Replenishment with a Emulsified Oil Substrate

Assume the substrate is soybean oil based with an approximate formula of C56H100O6

Molecular Weight = 868 g/mole

lb H2 per lb of oil = 0.363 Assume 315 e-1/mole soybean oil

Previous Total H2 Demand = 2 lb Design, Initial Injection
Replenishment Total H2 Demand = 1 lb Assume half of the initial injection dosage

Mass of Oil= 3 lb

Percentage of Oil in Emulsion = 60% Assumed, typical value

Assume EOS or another emulsified oil substrate will be added after 6 months and again 2 years later at half the 
dosage of sodium lactate.

Assume the 60% sodium lactate will be diluted with clean water to 10% (weight) and dissolved with sodium lactate 
before injection.

Percentage of Sodium Lactate in 
Injection Solution =

days including mob/demob and transition between wells for 2 
men crew
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Total Mass of Emulsified Oil = 5 lb

Density of Emulsified Oil = 0.97 g/ml Assumed, typical value
= 8.09 lb/gal

Total Volume of Emulsified Oil = 0.6 gal

Assumed the emulsified oil will be diluted by 30:1 in volume before injection
Dilution ratio = 30

Total Volume of Injection = 18 gal
Volume of Dilution Water = 17 gal

Assume the emulsion will be injected at a very low rate, say 1 gpm.

Injection Rate = 1 gpm
Injection Time = 18 gal / 1 gpm

= 18 min
= 1 hour
= 1 days @8 hours/day

Say total of 4

Wetland Replacement

Assume the area of wetland replacement is the TTZ plus 10ft along each side for vehicle access.

Length of Bedrock TTZ = 20 ft
Width of Bedrock TTZ = 20 ft
Area of Bedrock TTZ = 400 sf

Area of Wetland Replacement = (20 + 10 + 10) x (20 + 10 + 10)
= 1600 sf
= 0.037 acre

Component 2: Overburden Mulch PRB near EMD

This will be identical to Component 1 of Alt. G-3.

Component 3: Monitoring

Groundwater Monitoring

In summary, monitoring frequency is:
Year 1: Quarterly

Years 2 & 3: Semi-annually
Years 4 - 30: Annually

Analytes include:
23 wells will be analyzed for PCE, TCE, cis-1,2-DCE, VC, arsenic, iron, and manganese
1 well (MW10-412D2) will be analyzed for PCP.
1 well (MW10-402) will be analyzed for 3,3’-dichlorobenzidine.

1 well (MW-303) will be analyzed for barium.

Surface Water Monitoring

In additon to the 24 wells in Component 2 of Alt. G-3, 1 more overburden well in the overburden source area and 1 
more bedrock well in the bedrock source area  will be included in the groundwater monitoring program and 
monitored for PCE, TCE, cis-1,2-DCE, VC, and arsenic at the same frequency of the other wells.

days including mob/demob and transition between wells for 2 
men crew

The source area treatment will permanently impact wetlands. Therefore the impacted area will need to be 
replaced.
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TETRA TECH NUS, INC. CALCULATION SHEET PAGE 16 OF 16  

CLIENT: JOB NUMBER:

SUBJECT:

BASED ON:

BY: LW JWL DATE:

Date: 06/08/2012 Date: 11/20/2012
 

SOUTH WEYMOUTH 112G02073 - FS.DF.SRA

SRA FS - CONCEPTUAL DESIGN CALCULATION SHEET

DRAWING NUMBER:

CHECKED BY: APPROVED BY:

Identical to that of Alt. 2.

Sediment Monitoring

Identical to that of Alt. 2.

Component 4: Engineering Controls

This would be identical to Component 2 of Alt. G-2

Component 5: LUCs

This would be identical Component 3 of Alt. G-2. 
Areas of LUCs are shown on Fig 4-4.

Five Year Reviews

Five year reviews are also required under this alternative.

Alternative G-5A:

Component 1: Overburden and Bedrock Source Area Enhanced Bioremediation

This will be identical to Component 1 of Alt. G-5.

Component 2: Overburden Mulch PRB near EMD

This will be identical to Component 1 of Alt. G-4.

Component 3: Monitoring

Groundwater Monitoring

Surface Water Monitoring

Identical to that of Alt. 2.

Sediment Monitoring

Identical to that of Alt. 2.

Component 4: Engineering Controls

This would be identical to Component 2 of Alt. G-2

Component 5: LUCs

This would be identical Component 3 of Alt. G-2. 
Areas of LUCs are shown on Fig 4-4.

Five Year Reviews

Five year reviews are also required under this alternative.

Overburden and Bedrock Source Area Enhanced Bioremediation, Two Overburden 

Mulch PRBs, Monitoring, Engineering Controls, and LUCs

This alternative consists of components developed for the other alternatives.

For estimating purposes, this component is assumed to be identical to Component 3 of Alternative G-5.
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APPENDIX E 

Environmental Footprint Evaluation 

Feasibility Study 

Solvent Release Area 

Naval Air Station South Weymouth 

Weymouth, Massachusetts 

September 2012 

 

OBJECTIVE 

This Environmental Footprint Evaluation of remedial alternatives is provided as an Appendix to the 

Feasibility Study (FS) for the Solvent Release Area (SRA) located at Naval Air Station (NAS) South 

Weymouth located in Weymouth, MA.  The purpose of the footprint evaluation is to assess the 

environmental impacts of the four remedial alternatives using the metrics of greenhouse gas (GHG) and 

criteria pollutant emissions, energy use, water consumption, and worker safety.  The results of this 

footprint evaluation are intended to provide additional information for consideration during remedy 

selection, design, and to enhance the understanding of the environmental impacts throughout the remedy 

life-cycle for each of the proposed alternatives. 

 

POLICY BACKGROUND 

Department of Defense (DOD) and Navy policies require continual optimization of remedies in every 

phase from remedy selection through site closeout (NAVFAC, 2010a).   

In January 2007, Executive Order 13423 set targets for sustainable practices for (i) energy efficiency, 

greenhouse gas emissions avoidance or reduction, and petroleum products use reduction, (ii) renewable 

energy, including bioenergy, (iii) water conservation, (iv) acquisition, (v) pollution and waste prevention 

and recycling, etc.  In October 2009, Executive Order 13514 was issued, which reinforced these 

sustainability requirements and established specific goals for federal agencies to meet by 2020. 

In August 2009 DOD issued a policy for “Consideration of Green and Sustainable Remediation Practices 

in the Defense Environmental Restoration Program.”  The DOD policy and related Navy guidance state 

that opportunities to increase sustainability should be considered throughout all phases of remediation 

(i.e., site investigation, remedy selection, remedy design and construction, operation, monitoring, and site 

closeout).  In response to this policy, the Department of the Navy (DON) issued an updated Navy 

Guidance for “Optimizing Remedy Evaluation, Selection, and Design” (NAVFAC, 2010), which includes 



2 
 

environmental footprint evaluations as part of the traditional DON optimization review process for remedy 

selection, design, and remedial action operation. In August 2010, the Naval Facilities Engineering 

Command (NAVFAC) issued policy requiring use of the SiteWise™ tool to perform environmental impact 

reviews as part of all Feasibility Studies. As such, this environmental footprint evaluation of remedial 

alternatives is being performed to estimate the environmental footprint associated with each alternative in 

the interest of reducing the environmental impact of remedial action at SRA, NAS South Weymouth.  

Applying the DON optimization concepts with an environmental footprint evaluation within the remedy 

selection and design phases allows for the following benefits: 

 Determining factors in each remedial alternative with the greatest environmental impacts and 
gathering insight into how to reduce these impacts; 

 Evaluating remedial alternatives with optimized or reduced environmental footprints in conjunction 
with other selection criteria;  

 Designing and implementing a more robust remedy while balancing the impact to the 
environment; and 

 Ensuring efficient, cost-effective and sustainable site closeout.  

 

EVALUATION TOOLS 

This evaluation was performed using a hybrid model of the Navy’s SiteWise™ tool supplemented with 

Tetra Tech developed model as appropriate for some site-specific items. 

SiteWise™ is a life-cycle footprint assessment tool developed jointly by the U.S. Navy, U.S. Army Corps 

of Engineers (USACE), and Battelle. SiteWise™ assesses the environmental footprint of a remedial 

alternative/technology using a consistent set of metrics.  The assessment is conducted using a building 

block approach, where each remedial alternative is first broken down into modules that follow the phases 

for most remedial actions, including remedial investigation (RI), remedial action construction (RA-C), 

remedial action operation (RA-O), and long-term monitoring (LTM).  Once broken down by remedial 

phase, the footprint of each phase is calculated.  The phase-specific footprints are then combined to 

estimate the overall footprint of the remedial alternative.  This building block approach reduces 

redundancy in the footprint assessment and facilitates the identification of specific impact drivers that 

contribute to the environmental footprint.  The inputs that need to be considered include (1) production of 

material required by the activity; (2) transportation of the required materials to the site, transportation of 

personnel; (3) all site activities to be performed; and (4) management of the waste produced by the 

activity. 

GSRx builds off of SiteWise™ and allows for a flexible, detailed analysis, particularly for materials and 

equipment use.  GSRx was used to account for materials and activities not readily input into SiteWise™ 
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and where equipment usage assumptions built into SiteWise™ were not consistent with site-specific 

requirements. 

 

ENVIRONMENTAL FOOTPRINT EVALUATION FRAMEWORK AND LIMITATIONS 

The environmental footprint evaluation performed for the SRA, NSA South Weymouth FS considered life-

cycle quantitative metrics for global warming potential (through greenhouse gas emissions), criteria air 

pollutant emissions (through NOX, SOX and PM10 emissions), energy consumption, water usage, and 

worker safety.   

Life cycle impacts were calculated for energy consumption, emissions of GHG (carbon dioxide [CO2], 

methane [CH4], and nitrous oxide [N2O]) and criteria pollutants (nitrogen oxides [NOx], sulfur oxides [SOx] 

and particulate matter [PM10]), water usage, and energy consumption, and worker safety.   

Life cycle inventory inputs in SiteWise™ were divided into four categories – 1) materials production; 2) 

transportation of personnel, materials and equipment; 3) equipment use and miscellaneous; and 4) 

residual handling and disposal.  Cost estimates from the RI/FS and design calculations were used as a 

basis for inventory quantities and related assumptions.  Emission factors, energy consumption, and water 

usage data were correlated to material quantities, equipment, transportation distances, and installation 

time frames in order to calculate life-cycle emissions, energy consumption, water usage, and worker 

safety.  Default SiteWise™ emission, energy usage, water consumption, and worker fatality and accident 

risk factors were utilized. 

Although GSRx was used to minimize limitations resulting within SiteWise™, elimination of all limitations 

was not possible while using a hybrid model of SiteWise™ and GSRx.  For example, several materials 

and construction equipment inventoried were input into GSRx and these impacts were incorporated into 

SiteWise™ within the “Equipment Use and Miscellaneous” sector.  This sector in SiteWise™ does not 

differentiate into the specific equipment usage or material consumption items that are input in GSRx, but 

rather are considered miscellaneous items.  However, impact drivers for items input in GSRx can be 

identified and evaluated directly within the respective GSRx evaluation and output summary sheets.  In 

addition, worker safety results in general do not include worker safety related to equipment usage that 

was input within GSRx because GSRx was not developed to evaluate worker safety.  

EVALUATION RESULTS 

The following are the alternatives that were analyzed with SiteWise™ and GSRx for the SRA NAS South 

Weymouth FS: 
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 Alternative G-2: Monitoring, Engineering Controls, and LUCs 

 Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs 

 Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs 

 Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One 

Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs 

 Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two 

Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs 

The following sections summarize the relative environmental impacts and primary impact drivers for the 

four alternatives and their respective metrics.  In addition, the attachment includes the inventory and 

output sheets that were used for the SiteWise™/GSRx hybrid model.  An evaluation of SiteWise™ and 

GSRx output summary sheets and related figures included in the footprint evaluation attachments 

(Appendix E-2 and E-3), provides detailed information on the contribution to each metric from each phase 

of the remedial process (RI, RAC, RAO, and LTM) and for each respective input category (materials 

production, transportation, equipment usage, etc).  Further inspection of related inventory sheets provide 

information on the specific contribution to a metric from each item of material, transportation, equipment, 

etc. This level of detail also helps clarify results that could be misinterpreted based on SiteWise™ data 

entry limitations mentioned previously.  The environmental impacts of the alternatives analyzed are 

summarized quantitatively in Table E1.  

 

Greenhouse Gas Emissions 

Emissions of CO2, CH4, and N2O were normalized to CO2 equivalents (CO2e), which is a cumulative 

method of weighing GHG emissions relative to global warming potential.  Figure E1 shows the overall 

GHG emissions of each of the alternatives evaluated; the x-axis represents the two alternatives evaluated 

and the y-axis represents the GHG emissions in metric ton of CO2e.   

The total amount of GHG emissions from Alternative G-2 is 109.5 metric ton of CO2e.  The activity with 

the highest contribution to the GHG emissions is the laboratory analytical services, where it contributes 

103.2 tons of CO2e, approximately 94 percent of the total GHG emissions.  Transportation of personnel is 

the activity with the second highest contribution 5 tons if CO2e (corresponding to 4.5 percent of the total 

GHG emissions).   

The emissions of GHG resulting from Alternative G-3 are 214.5 metric ton of CO2e.  The activity with the 

highest emissions of GHG is the laboratory analytical services; contributing 50 percent of the total GHG 

emissions (approximately 107.2 metric ton of CO2e).  The activity with the second highest contribution to 

GHG emissions is the production of mulch, used in the treatment barriers and to re-vegetate the disturbed 

area, emitting 47.2 metric ton of CO2e, approximately 22 percent of the total GHG emissions for 
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Alternative G-3.  The activity with the third highest contribution to the GHG emissions is the production of 

vegetable oil, used as the EOS during the injection treatment, contributing with 9 percent of the total GHG 

emissions, approximately 20 metric ton of CO2e.   

Alternative G-4 emits 286 metric ton of CO2e related to all the activities that take place during this 

remedial alternative.  The activity with the highest contributor to GHG emissions is the laboratory 

analytical services, where 111.4 metric ton of CO2e are emitted to the atmosphere, approximately 39 

percent of the total GHG emissions.  The activity with the second highest contribution to GHG emissions 

is the production of mulch, used for the treatment barriers and for revegetation purposes, where 87.1 

metric ton of CO2e are emitted to the atmosphere (approximately 30 percent of the total GHG emissions).  

The production of vegetable oil used as EOS during the remedial alternative emits 36.7 metric ton of 

CO2e, corresponding to approximately 12 percent of the total GHG emissions.   

The amount of GHG emissions resulting from the activities related to Alternative G-5 is 240.4 metric ton of 

CO2e.  The largest contributor to GHG emissions is the laboratory analytical services, where 115.6 metric 

ton of CO2e are emitted to the atmosphere, approximately 48 percent of the total GHG emissions.  The 

activity with the second highest contribution to GHG emissions is the production of mulch, used for the 

treatment barriers and for revegetation purposes, where 87.1 metric ton of CO2e are emitted to the 

atmosphere (approximately 36 percent of the total GHG emissions).  The production of vegetable oil used 

as EOS during the remedial alternative emits 20.4 metric ton of CO2e, corresponding to approximately 8 

percent of the total GHG emissions.   

The amount of GHG emissions resulting from the activities related to Alternative G-5A is 311.15 metric 

ton of CO2e.  The largest contributor to GHG emissions is the laboratory analytical services, where 123.8 

metric ton of CO2e are emitted to the atmosphere, approximately 40 percent of the total GHG emissions.  

The activity with the second highest contribution to GHG emissions is the production of mulch, used for 

the treatment barriers and for revegetation purposes, where 86.7 metric ton of CO2e are emitted to the 

atmosphere (approximately 28 percent of the total GHG emissions).  The production of vegetable oil used 

as EOS during the remedial alternative emits 37.2 metric ton of CO2e, corresponding to approximately 12 

percent of the total GHG emissions.   
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Figure E1: GHG Emissions for Proposed Groundwater Alternatives at SRA, NAS South Weymouth 

 

Figure E2 shows the breakdown of the percent that each of main activities of each alternative (x-axis) 

contributes to the GHG emissions (y-axis). 

 

Figure E2: GHG Emissions percentage breakdown for Proposed Groundwater Alternatives at SRA, NAS 

South Weymouth 
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Criteria Pollutant Emissions 

NOX 

Figure E3 shows the breakdown of the NOX emissions for the two alternatives evaluated.  The x–axis of 

this figure represents Alternative G-2, Alternative G-3, Alternative G-4, Alternative G-5 and Alternative G-

5A, the y-axis represents the NOX emissions in metric ton.   

The total amount of NOX emissions from Alternative G-2 is 3.6x10
-1

 metric ton.  The activity with the 

highest contribution to NOX emissions is the use of laboratory analytical services, emitting 3.6x10
-1 

metric 

ton of NOX, corresponding to 99 percent of the total NOX emissions.  Transportation of personnel 

contributes with approximately less than 0.5 percent of the total NOX emissions.  

The total NOX emissions resulting from Alternative G-3 is 4x10
-1

 metric ton.  The activity with the highest 

contribution of NOX emissions is the laboratory analytical services, releasing 3.7x10
-1

 metric ton, 

approximately 92 percent of the total NOX emissions.  The activity with the second highest contribution of 

NOX emissions is the use of the 5.25 CY loader during the RA-C stage; this loader is used for preparing 

the site for the mulch barriers for treatment, emitting 7.6x10
-3

 metric ton of NOX, corresponding to 

approximately 2 percent of the total NOX emissions.  The activity with the third highest contribution of NOX 

emissions to the atmosphere is the use of the trencher, used also for the site preparation for the mulch 

barrier treatment, emitting 6.4x10
-3

 metric ton of NOX, approximately 1.5 percent of the total NOX 

emissions.  

Alternative G-4 emits 4.4x10
-1

 metric ton of NOX to the atmosphere.  The activity with the highest 

contribution to NOX emissions is the laboratory analytical services, emitting 3.9x10
-1

 metric ton of NOX, 

corresponding to 88 percent of the total NOX emissions for this alternative.  The activity with the second 

highest contribution to NOX emissions is the use of the 5.25CY loader during the RA-C stage, where this 

equipment is used to prepare the site for the mulch barriers, contributes with 1.9x10
-2

 metric ton of NOX 

(approximately 4 percent of the total NOX emissions).  The use of the trencher for the site preparation for 

the mulch barriers emits 1.2x10
-2

 metric ton of NOX, approximately 3 percent of the total NOX emissions. 

The total amount of NOX released from the activities that take place during Alternative G-5 is 4.5x10
-1

 

metric ton.  The activity with the highest contribution to NOX emissions is the laboratory analytical 

services, emitting 4.0x10
-1

 metric ton of NOX, corresponding to 88 percent of the total emissions for this 

alternative.  The activity with the second highest contribution to NOX emissions is the use of the DPT Drill 

Rig during the RA-C stage, where this equipment is used to prepare the site for the injection points and 

monitoring wells, contributes with 1.5x10
-2

 metric ton of NOX (approximately 3 percent of the total NOX 
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emissions).  The use of the front end loader for the site preparation and creation of trenches emits  

7.5x10
-3

 metric ton of NOX, approximately 1.5 percent of the total NOX emissions. 

The total amount of NOX released from the activities that take place during Alternative G-5A is 5.0x10
-1

 

metric ton.  The activity with the highest contribution to NOX emissions is the laboratory analytical 

services, emitting 4.3x10
-1

 metric ton of NOX, corresponding to 86 percent of the total emissions for this 

alternative.  The use of the front end loader for the site preparation and creation of trenches is the activity 

with the second highest emission of NOX, and it emits 1.9x10
-2

 metric ton of NOX, approximately four 

percent of the total NOX emissions.  The activity with the third highest contribution to NOX emissions is the 

use of the DPT Drill Rig during the RA-C stage, where this equipment is used to prepare the site for the 

injection points and monitoring wells, contributes with 1.6x10
-2

 metric ton of NOX (approximately 3 percent 

of the total NOX emissions).   

 

 

Figure E3 NOX Emissions for Proposed Groundwater Alternatives at SRA, NAS South Weymouth 

 Figure E4 shows the percentage contribution from each of the main activity sectors.   
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Figure E4: NOX Emissions percentage breakdown for Proposed Groundwater Alternatives at SRA, NAS 

South Weymouth 
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Figure E5 contains the distribution of the SOX emissions resulting from the activities related to 

Alternatives G-2, G-3, G-4, G-5 and G-5A.  The x-axis of this graph represents the alternatives evaluated; 

the y-axis represents the SOX emissions in metric ton.   

The total amount of SOX emissions resulting from Alternative G-2 is 2.4x10
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-4

 metric ton of SOX.  

Transportation of personnel releases less than .01 percent of the total SOX emissions.  

Alternative G-3 emits a total of 4.7x10
-1

 metric ton of SOX.  The activity with the highest contribution to 

these emissions is the laboratory analytical services, emitting 2.5x10
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 metric ton of SOX, corresponding 

to 53 percent of the total SOX emissions.  The production of mulch for revegetation purposes contributes 

to the total SOX emission with 1.6x10
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 metric ton, approximately 34 percent of the total SOX emissions.  

The production of HDPE for the piping and liner contributes 3.9x10
-2

 metric ton of SOX, corresponding to 

8 percent of the total SOX emissions. 

The amount of SOX released to the atmosphere by Alternative G-4 is 6.4x10
-1

 metric ton.  The activity 

with the highest contribution to SOX emissions is the production of mulch, which is used for the treatment 
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barriers and for revegetation, where 3.0x10
-1

 metric ton of SOX are released (approximately 55 percent of 

the total SOX emissions).  Laboratory analytical services is the activity that has the second highest 

contribution to SOX emissions, 2.6x10
-1

 metric ton, approximately 44 percent of the total SOX emissions.  

The production of HDPE used for the liner and pipes emits 3.9x10
-2

 metric ton of SOX, corresponding to 6 

percent of the total SOX emissions.   

The amount of SOX released to the atmosphere by Alternative G-5 is 5.0x10
-1

 metric ton.  Laboratory 

analytical services is the activity that has the highest contribution to SOX emissions, 2.7x10
-1

 metric ton, 

approximately 54 percent of the total SOX emissions.  The activity with the second highest contribution to 

SOX emissions is the production of mulch, which is used for the treatment barriers and for revegetation, 

where 1.6x10
-1

 metric ton of SOX are released (approximately 32 percent of the total SOX emissions).  

The production of HDPE used for the liner and pipes emits 4.6x10
-2

 metric ton of SOX, corresponding to 9 

percent of the total SOX emissions.   

The amount of SOX released to the atmosphere by Alternative G-5A is 6.8x10
-1

 metric ton.  The activity 

with the highest contribution to SOX emissions is the production of mulch, which is used for the treatment 

barriers and for revegetation, where 3x10
-1

 metric ton of SOX are released (approximately 44 percent of 

the total SOX emissions).  Laboratory analytical services is the activity that has the second highest 

contribution to SOX emissions, 2.9x10
-1

 metric ton, approximately 42 percent of the total SOX emissions.  

The production of HDPE used for the liner and pipes emits 4.6x10
-2

 metric ton of SOX, corresponding to 7 

percent of the total SOX emissions.   

 

 

Figure E5: SOX Emissions for Proposed Groundwater Alternatives at SRA, NAS South Weymouth 
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Figure E6 shows the percentage breakdown of the activities contributing to SOX emissions. 

 

Figure E6: SOX Emissions percentage breakdown for Proposed Groundwater Alternatives at SRA, NAS 

South Weymouth 
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 metric ton of PM10, contributing 38 

percent of the total PM10 emissions.  Laboratory analytical services is the activity with the second highest 

contribution to PM10 emissions, contributing with 30 percent of the total PM10 emissions, approximately 
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9.4x10
-3

 metric ton.  The production of HDPE used in the liners and piping emits 5.7x10
-3

 metric ton of 

PM10, approximately 18 percent of the total PM10 emissions.  

The total amount of PM10 emissions resulting from Alternative G-4 is 4.4x10
-2

 metric ton.  The production 

of mulch (used for the treatment barrier and for the revegetation stage) emits 2.2x10
-2

 metric ton of PM10, 

contributing 50 percent of the total PM10 emissions.  Laboratory analytical services is the activity with the 

second highest contribution to PM10 emissions, contributing with 22 percent of the total PM10 emissions, 

approximately 9.8x10
-3

 metric ton.  The production of HDPE used in the liners and piping emits 5.7x10
-3

 

metric ton of PM10, approximately 13 percent of the total PM10 emissions. 

Alternative G-5 emits a total of 3.6x10
-2

 metric ton of PM10.  The production of mulch (used for the 

treatment barrier and for the revegetation stage) emits 1.2x10
-2

 metric ton of PM10, contributing 33 

percent of the total PM10 emissions.  Laboratory analytical services is the activity with the second highest 

contribution to PM10 emissions, contributing with 27 percent of the total PM10 emissions, approximately 

1.0x10
-2

 metric ton.  The production of HDPE used in the liners and piping emits 6.7x10
-3

 metric ton of 

PM10, approximately 18 percent of the total PM10 emissions.  

Alternative G-5A emits a total of 4.9x10
-2

 metric ton of PM10.  The production of mulch (used for the 

treatment barrier and for the revegetation stage) emits 2.2x10
-2

 metric ton of PM10, contributing 46 

percent of the total PM10 emissions.  Laboratory analytical services is the activity with the second highest 

contribution to PM10 emissions, contributing with 22 percent of the total PM10 emissions, approximately 

1.1x10
-2

 metric ton.  The production of HDPE used in the liners and piping emits 6.7x10
-3

 metric ton of 

PM10, approximately 14 percent of the total PM10 emissions.  
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Figure E7: PM10 Emissions for Proposed Alternatives Groundwater at SRA, NAS South Weymouth 

 

Figure E8 shows the percentage of PM10 emissions contributed by each of the activity sectors per 

alternative. 

 

Figure E8: PM10 Emissions percentage breakdown for Proposed Groundwater Alternatives at SRA, NAS 

South Weymouth 
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Energy Consumption 

The energy consumption for each of the alternatives evaluated is shown in Figure E9.  The x-axis shows 

the five alternatives evaluated, and the y-axis shows the amount of energy consumed in units of million 

British Thermal Units (MMBTU).   

The total amount of energy consumed by Alternative G-2 is 1,656.6 MMBTU.  The activity with the highest 

energy consumption is the laboratory analytical services, utilizing 1540 MMBTU, corresponding to 

approximately 93 percent of the total energy consumption.  The activity with the second highest energy 

use is the transportation of personnel, consuming 62 MMBTU, approximately 3.7 percent of the total 

energy consumption of this alternative.  

The total energy consumption resulting from the activities that take place during Alternative G-3 is 6,734 

MMBTU.  The production of vegetable oil, used as the EOS for the remediation treatment consumes 

2,372.8 MMBTU, approximately 35 percent of all energy used during this alternative.  The production of 

mulch for the treatment barriers and revegetation purposes, consumes 1,824.5 MMBTU, corresponding to 

27 percent of the total energy consumption.  The activity with the third highest energy consumption is the 

laboratory analytical services, where the energy consumption represents approximately 23 percent (1601 

MMBTU) of the total energy used for this remedial alternative. 

Alternative G-4 consumes 10,566 MMBTU.  The production of vegetable oil, used as the EOS for the 

remediation treatment consumes 4,360.9 MMBTU, approximately 41 percent of all energy used during 

this alternative.  The production of mulch for the treatment barriers and revegetation purposes, consumes 

3,362.9 MMBTU, corresponding to 31 percent of the total energy consumption.  The activity with the third 

highest energy consumption is the laboratory analytical services, where the energy consumption 

represents approximately 15 percent (1,663.2 MMBTU) of the total energy used for this remedial 

alternative. 

The total energy consumption resulting from the activities that take place during Alternative G-5 is 7,332 

MMBTU.  The production of vegetable oil, used as the EOS for the remediation treatment consumes 

2,429 MMBTU, approximately 33 percent of all energy used during this alternative.  The production of 

mulch for the treatment barriers and revegetation purposes, consumes 1,820 MMBTU, corresponding to 

25 percent of the total energy consumption.  The activity with the third highest energy consumption is the 

laboratory analytical services, where the energy consumption represents approximately 23 percent (1,725 

MMBTU) of the total energy used for this remedial alternative. 
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The total energy consumption resulting from the activities that take place during Alternative GA-5 is 

11,149 MMBTU.  The production of vegetable oil, used as the EOS for the remediation treatment 

consumes 4,417 MMBTU, approximately 40 percent of all energy used during this alternative.  The 

production of mulch for the treatment barriers and revegetation purposes, consumes 3,348 MMBTU, 

corresponding to 30 percent of the total energy consumption.  The activity with the third highest energy 

consumption is the laboratory analytical services, where the energy consumption represents 

approximately 17 percent (1,848 MMBTU) of the total energy used for this remedial alternative. 

 

 

Figure E9: Energy Consumption for Proposed Groundwater Alternatives at SRA, NAS South Weymouth 

 

Figure E10 shows the percentage breakdown contribution of energy consumption from the different 

activity groups. 
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Figure E10: Energy Consumption percentage breakdown for Proposed Groundwater Alternatives at SRA, 

NAS South Weymouth 

 

Water Usage  

The water consumption of the evaluated alternatives is shown in Figure E11.  The x-axis shows the five 

evaluated alternatives, and the y-axis show the amount of water consumed in thousands of gallons.   

The total water consumption for Alternative G-2 is 613 gallons of water.  The activity with the highest 

consumption of water is the manufacture of PVC used for the monitoring wells, where 340 gallons of 

water are used, corresponding to 55 percent of the total water usage.  The production of steel for the well 

covers utilizes 270 gallons of water, corresponding to approximately 44 percent of the total water use for 

this alternative. 

The total water consumption for Alternative G-3 is 149.2 thousand gallons of water.  The amount of water 

used for injection purposes during the remedial alternative is 54 percent (80.7 thousand gallons of water) 

of the total amount of water consumed.  The water used to produce vegetable oil, used as EOS during 

the treatment stage, corresponds to 40 percent of the total water used (approximately 60.3 thousand 

gallons of water).  The water used to produce HDPE for the liners and pipe is 2.811 thousand gallons of 

water, approximately 2 percent of the total water consumption for this alternative.  
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during the treatment stage, corresponds to 41 percent of the total water used (approximately 110.8 

thousand gallons of water).  The water used for decontamination purposes consumes 4 thousand gallons 

of water, corresponding to approximately 1 percent of the total water consumption during this alternative. 

The total water consumption for Alternative G-5 is 158.2 thousand gallons of water.  The amount of water 

used for injection purposes during the remedial alternative is 52 percent (82.3 thousand gallons of water) 

of the total amount of water consumed.  The water used to produce vegetable oil, used as EOS during 

the treatment stage, corresponds to 39 percent of the total water used (approximately 61.7 thousand 

gallons of water).  The water used for decontamination purposes consumes 7 thousand gallons of water, 

corresponding to approximately 4 percent of the total water consumption during this alternative. 

The total water consumption for Alternative G-5A is 276.7 thousand gallons of water.  The amount of 

water used for injection purposes during the remedial alternative is 54 percent (149.68 thousand gallons 

of water) of the total amount of water consumed.  The water used to produce the vegetable oil, used as 

EOS during the treatment stage, corresponds to 41 percent of the total water used (approximately 112.3 

thousand gallons of water).  The water used for decontamination purposes consumes 7 thousand gallons 

of water, corresponding to approximately 3 percent of the total water consumption during this alternative. 

 

 

Figure E11: Water Consumption for Proposed Groundwater Alternatives at SRA, NAS South Weymouth 
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Figure E12 has a representation of the percentage breakdown of the contribution of the different sectors 

of the water use through the lifetime of the alternatives. 

 

Figure E12: Water Consumption percentage breakdown for Proposed Groundwater Alternatives at SRA, 

NAS South Weymouth 

 

Accident Risk 

Accident Risk Fatality 

Figure E13 shows the risk of fatality between the evaluated alternatives.  The x-axis represents the two 

alternatives evaluated, and the y-axis represents the risk of fatality. 

For all Alternatives, the activity with the highest risk of fatality is the transportation of personnel.  For 

Alternatives G-2, G-5 and G-5A, the activity with the second highest risk of fatality is the use of the 

equipment.  The activity with the second highest risk of fatality for Alternatives G-3 and G-4 is the 

transportation of equipment and materials.  
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Figure E13 Risk of Fatality for Proposed Groundwater Alternatives SRA, NAS South Weymouth 

 

Accident Risk Injury 

Figure E14 shows the risk of injury between the evaluated alternatives.  The x-axis represents the two 

alternatives evaluated, and the y-axis represents the risk of injury. 

For all Alternatives, the activity with the highest risk of injury is the transportation of personnel; the activity 

with the second highest risk of injury is the equipment use.  

 

Figure E14 Risk of Injury for Proposed Groundwater Alternatives SRA, NAS South Weymouth 

0

0.00005

0.0001

0.00015

0.0002

0.00025

0.0003

0.00035

G-2 G-3 G-4 G-5 G-5A

R
is

k
 o

f 
fa

ta
li
ty

 

Accident Risk Fatality 

Residual Handling

Equipment Use and Misc

Transportation-Equipment
and Materials

Transportation-Personnel

Production of Materials

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

G-2 G-3 G-4 G-5 G-5A

R
is

k
 o

f 
in

ju
ry

 

Accident Risk Injury 

Residual Handling

Equipment Use and Misc

Transportation-Equipment
and Materials

Transportation-Personnel

Production of Materials



20 
 

 

CONCLUSIONS AND RECOMMENDATIONS 

During selection and design of the remedy, a sensitivity analysis considering elements of the remedy that 

have the greatest impact on remedy effectiveness, life-cycle cost, and environmental footprint metrics 

may provide additional insight into appropriate optimization.  To aid in the sensitivity analysis, an impact 

analysis summary was created to qualitatively highlight the relative impact of respective metrics for the 

two alternatives and to identify the primary drivers of emissions, energy consumption, and water usage 

for each alternative (see Table E2 for details). 

Figures E2, E4, E6, E8, E10 and E12 show the percentage breakdown of each of the sectors that take 

place during the remedial alternatives.  In these graphs, it is easy to identify the sector whose contribution 

is largest from all other sectors to that impact category.  An advantage to identifying where the large 

contributions are, the optimization process for lowering the environmental impacts is faster and might be 

could be more efficient. 

Measures identified in the evaluation that may reduce the environmental footprint of the alternatives are 

listed below for consideration.   

 Alternatives G-3, G-4, G-5 and G-5A: Some reduction of the environmental footprint, particularly 

GHG emissions and energy consumption, could be realized for all alternatives through the 

possible use of emission control measures such as alternate fuel sources (e.g. biodiesel), 

equipment exhaust controls (e.g. diesel), and equipment idle reduction.   

 Alternatives G-3, G-4, G-5 and G-5A: Consider optimizing of the use of equipment, and even the 

type of equipment used during operations.  

 Alternative G-4 and G-5A: Consider optimizing the amount of injection water that is used during 

the treatment stage.   

 Alternative G-3, G-4, G-5 and G-5A: Consider the use of a material similar to mulch for the 

treatment barriers that have lower environmental impacts.   

 Alternatives G-3, G-4, G-5 and G-5A: Consider the optimization of the use of EOS during the 

treatment stage.  The environmental impact of this chemical has an influence in most of the 

impact categories evaluated. 

 All Alternatives: Optimize the number of samples analyzed during the LTM stage given that the 

laboratory analytical services is one of the major drivers in most of the impact categories.  

 All Alternatives: Consider ways to reduce vehicle mileage to reduce worker risk as well as energy 

use and emissions. Encourage site workers to carpool daily to the site to reduce total vehicle 

mileage. 
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Laboratory analytical services is an activity that takes place every year during the lifetime of each of the 

alternatives.  In the case for all of the alternatives, each year there is a large number of samples that 

need analytical analysis; therefore, this activity has a higher burden over the impact categories.  The 

environmental footprint of the LTM, where the laboratory analytical services take place, is higher than the 

use of the construction equipment due to the relative low number of operation hours compared to the 

amount of working hours for the analytical services.  

REFERENCES 

(a) NAVFAC, DON Guidance for Optimizing Remedy Evaluation, Selection, and Design, March 2010 

(b) NAVFAC, DON Policy on SiteWise™ Optimization/GSR Tool Usage, email received from Brian 

Harrison/NAVFAC HQ dated 10 AUG 2010  

 

 



Table E1

Summary of Environmental Impacts for Proposed Alternatives

Solvent Release Area, NAS South Weymouth

Weymouth, MA

Page 1 of 1

GHG 
Emissions

Total Energy 
Used

Water Impacts
NOX 

Emissions

SOX 

Emissions

PM10 

Emissions

Metric Ton 
CO2e

MMBTU gallons Metric Ton Metric Ton Metric Ton

Materials Production 0.76 43.60 613.47 8.16E-07 9.46E-04 9.14E-05 NA NA

Transportation-Personnel 4.94 62.08 NA 1.83E-03 6.43E-05 3.70E-04 1.01E-04 8.13E-03

Transportation-Equipment 0.23 3.03 NA 7.28E-05 1.29E-06 6.48E-06 1.17E-06 9.42E-05

Equpiment Use and Misc 103.47 1,545.96 0.00 3.60E-01 2.38E-01 9.78E-03 4.76E-06 1.20E-03

Residual Handling 0.15 1.92 NA 4.63E-05 8.19E-07 4.12E-06 7.80E-07 6.28E-05

Total 109.54 1,656.59 613.47 3.61E-01 2.39E-01 1.03E-02 1.08E-04 9.48E-03

Materials Production 89.13 4,876.85 64,313.90 2.95E-05 2.22E-01 1.80E-02 NA NA

Transportation-Personnel 8.08 101.63 NA 2.99E-03 1.05E-04 6.06E-04 1.65E-04 1.33E-02

Transportation-Equipment 6.05 78.92 NA 1.90E-03 3.36E-05 1.69E-04 1.50E-05 1.21E-03

Equpiment Use and Misc 110.43 1,666.76 84,969.66 3.97E-01 2.50E-01 1.24E-02 1.10E-05 2.76E-03

Residual Handling 0.78 10.20 NA 2.46E-04 4.35E-06 2.18E-05 3.12E-06 2.51E-04

Total 214.46 6,734.35 149,283.57 4.02E-01 4.72E-01 3.12E-02 1.94E-04 1.75E-02

Materials Production 147.01 8,506.25 115,155.86 5.32E-05 3.75E-01 2.83E-02 NA NA

Transportation-Personnel 9.89 124.39 NA 3.66E-03 1.29E-04 7.42E-04 2.02E-04 1.63E-02

Transportation-Equipment 8.26 107.79 NA 2.60E-03 4.59E-05 2.31E-04 2.04E-05 1.65E-03

Equpiment Use and Misc 116.68 1,773.63 152,449.00 4.29E-01 2.63E-01 1.46E-02 1.58E-05 3.98E-03

Residual Handling 4.10 53.51 NA 1.29E-03 2.28E-05 1.15E-04 1.09E-05 8.79E-04

Total 285.94 10,565.57 267,604.86 4.36E-01 6.38E-01 4.41E-02 2.50E-04 2.28E-02

Materials Production 97.50 5,233.04 69,037.80 3.05E-05 2.33E-01 1.95E-02 NA NA

Transportation-Personnel 11.80 148.36 NA 4.36E-03 1.54E-04 8.85E-04 2.41E-04 1.94E-02

Transportation-Equipment 6.82 89.06 NA 2.14E-03 3.79E-05 1.91E-04 1.71E-05 1.38E-03

Equpiment Use and Misc 120.25 1,806.62 89,145.99 4.44E-01 2.69E-01 1.52E-02 2.10E-05 5.29E-03

Residual Handling 4.03 55.01 NA 1.30E-03 5.03E-05 1.06E-04 1.09E-05 8.79E-04

Total 240.40 7,332.09 158,183.79 4.52E-01 5.02E-01 3.59E-02 2.90E-04 2.70E-02

Materials Production 154.65 8,823.70 119,717.13 5.41E-05 3.85E-01 2.97E-02 NA NA

Transportation-Personnel 12.48 156.99 NA 4.62E-03 1.63E-04 9.37E-04 2.55E-04 2.06E-02

Transportation-Equipment 9.03 117.86 NA 2.84E-03 5.02E-05 2.52E-04 2.26E-05 1.82E-03

Equpiment Use and Misc 130.86 1,996.28 156,979.42 4.89E-01 2.92E-01 1.78E-02 2.53E-05 6.37E-03

Residual Handling 4.13 53.96 NA 1.30E-03 2.30E-05 1.16E-04 1.09E-05 8.80E-04

Total 311.15 11,148.79 276,696.56 4.98E-01 6.77E-01 4.89E-02 3.14E-04 2.96E-02

G-4

G-5

G-5A

Alternative Activities
Accident Risk 

Fatality
Accident Risk 

Injury

G-2

G-3



Table E2

Relative Impact of Environmental Categories for Proposed Alternatives

Solvent Release Area, NAS South Weymouth

Weymouth, MA

Page 1 of 1

Remedial 
Alternatives

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

Accident Risk 
Fatality

Accident Risk 
Injury

Low to moderate Low Low Moderate to high Low to moderate Low to moderate Low to moderate Low to moderate

Laboratory 
Analytical Services

Laboratory 
Analytical Services

Production of PVC
Laboratory 

Analytical Services
Laboratory 

Analytical Services
Laboratory 

Analytical Services
Transportation of 

Personnel
Transportation of 

Personnel

Moderate to high Moderate Moderate High Moderate to high Moderate to high Moderate to high Moderate

Laboratory 
Analytical Services

Production of 
Vegetable Oil

Injection Water
Laboratory 

Analytical Services
Laboratory 

Analytical Services
Production of 

mulch
Transportation of 

Personnel
Transportation of 

Personnel

High High High High High High Moderate to high Moderate to high

Laboratory 
Analytical Services

Production of 
Vegetable Oil

Injection Water
Laboratory 

Analytical Services
Production of 

mulch
Production of 

mulch
Transportation of 

Personnel
Transportation of 

Personnel

Moderate to high Moderate to high Moderate High Moderate to high Moderate to high High High

Laboratory 
Analytical Services

Production of 
Vegetable Oil

Injection Water
Laboratory 

Analytical Services
Laboratory 

Analytical Services
Production of 

mulch
Transportation of 

Personnel
Transportation of 

Personnel

High High High High High High High High

Laboratory 
Analytical Services

Production of 
Vegetable Oil

Injection Water
Laboratory 

Analytical Services
Production of 

mulch
Production of 

mulch
Transportation of 

Personnel
Transportation of 

Personnel

G-2

G-3

G-4

G-5

G-5A



 

 

 

 

 

 

 

 

 

APPENDIX E-2 INPUT INVENTORIES 



Input Inventory Alternative G5

Solvent Release Area, NAS South Weymouth

Weymouth, MA

Page 1 of 16

Item Quantity Units Comments

Well Installation, overburden 108.00 lb Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 36.00 lb Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 850.00 lb 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 300.00 lb 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

Crew for fence and gate 500.00 miles 5 days, 50 miles round trip, 2 people

Crew for signs on fence 150.00 miles 1 day, 50 miles round trip,  3 people

Crew for well monitoring placement 300.00 miles 2 days, 50 miles round trip, 3 people

Item Quantity Units Comments

Flatbed truck for fence 1.50 ton 1.5 ton

Flatbed truck for gate 1.50 ton 1.5 ton

flat bed truck for signs 3.00 ton 3 ton

manual fence post auger, gas 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

earth auger truck mounted 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Item Quantity Units Comments

Well Installation, overburden 0.05 ton Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 0.02 ton Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 0.43 ton 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 0.15 ton 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

manual fence post auger, gas 32.00 5 days

earth auger truck mounted 6.40 1 day

Drill Rig,  DPT 12.80 hours 5 wells per day, 10 wells, 8 hours per day, 80%utilization

Item Quantity Units Comments

IDW 3.31 ton 20 drums of waste, 55 gallons per drum, 721 kg/m3 (assume sludge)

Item Quantity Units Comments

IDW 100.00 miles 22 drums of waste, 55 gallons per drum, 721 kg/m3 (assume sludge)

Item Quantity Units Comments

Site inspection
1,500.00 miles 1 day per year, 50 mile round trip, 1 person, every year for 30 years

Sampling crew

10,500.00 miles

4 visit for year 1,3 days per visit, 50 mile tround trup, 2 people, 2 visit 

year 2 and year 3, 3 days per visit, 50 mile round trip, 2 people, 1 

visit per year, 3 days per visit, 50 mile round trip, year 4 through 30, 

2 people

Item Quantity Units Comments

Laboratory Analytical Services

Transportation-materials

LTM

Transportation-Personnel

Transportation-residual handling

Residual Handling

Alternative G-2: Monitoring, Engineering Controls and LUCs

Equipment Use

RAC

Materials

Transportation-Personnel

Transportation-equipment



Input Inventory Alternative G5

Solvent Release Area, NAS South Weymouth

Weymouth, MA

Page 2 of 16

surface and groundwater samlpling

175,000.00 dollars

23 wells, 2 surface water samples, quarterly for the first year, twice a 

year for year 2 and 2, and once a year for years 4 through 30, 

assume $200 per sample



Input Inventory Alternative G5

Solvent Release Area, NAS South Weymouth

Weymouth, MA

Page 3 of 16

Item Quantity Units Comments

Equipment Decon Pad 700.47 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 441.16 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Decon water 1,000.00 gal

Material Handling pad 2,918.63 lb assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 237,540.44 lb Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3

mulch 148,379.58 lb 83 cy, density 620 kg/m3,

Sand 383,393.68 lb 83 cy, density 1602 kg/m3

Replenishment wells 64.80 lb 90 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft

Replenishment well heads 200.00 lb Assume steel, 50 lb per unit, 4  units

Seeding, mulch 1,100.00 lb 22 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 440.00 lb 22 msf, assume fertilizer, assume 20 lb per smf

Well Installation, overburden 108.00 lb Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 36.00 lb Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 850.00 lb 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 300.00 lb 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

Crew for fence and gate 500.00 miles 5 days, 50 miles round trip, 2 people

Crew for signs on fence 150.00 miles 1 day, 50 miles round trip,  3 people

Crew for wood clearing and chipping trees 300.00 miles 1 day, 50 miles round trip, 6 people

Site Labor for much barriers 300.00 miles 2 days, 50 miles round trip, 3 people

Crew for seeding 150.00 miles 1 day, 50 miles round trip, 3 people

Crew for well monitoring placement 300.00 miles 2 days, 50 miles round trip, 3 people

Item Quantity Units Comments

Mobilzation/Demobilization 40.00 4 trailers, 10 ton per trailer, 100 miles round trip

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 gal 

capacity tank

Clean Water Storage Tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Flatbed truck for fence 1.50 ton 1.5 ton

Flatbed truck for gate 1.50 ton 1.5 ton

flat bed truck for signs 3.00 ton 3 ton

Storage tank 2.25 ton

15,000 gallons capacity, HDPE, 100 miles round trip, 150 lb per 500 

gallon capacity tank

Hydromulcher 0.60 ton 1 hydromulcher, 1200 lb per hydromulcher, 100 miles round trip

manual fence post auger, gas 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

earth auger truck mounted 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

brush chipper, 120 hp 2.85 ton 1 wood chipper, 2.85 tons per woodchipper, 100 miles round trip

Loader, 3CY 12.07 ton 24141 lb per loader, 1 loader, 100 miles round trip

Chain saw (2) 36 in long, gas 0.02 ton 16.5 lb per chain saw, 2 chain sawys, 100 miles round trip

Trencher 300 hp 35.25 ton 1 trencher, 70500 lb per trencher, 100 miles round trip

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 61.86 ton 2 loaders, 61857 lb per loader, 100 miles round trip

DPT Drill Rig 3.05 1 drill rig, 6100 lb, 100 miles round trip

Truck tractor, 220 hp 13.29 ton 26585 lb per tractor,  1 tractor, 100 miles round trip

DPT Drill Rig 3.05 1 drill rig, 6100 lb, 100 miles round trip

Item Quantity Units Comments

Equipment Decon Pad 0.35 ton assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 0.22 ton Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Transportation-materials

Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs

Transportation-equipment

RAC

Materials

Transportation-Personnel
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Material Handling pad 1.46 ton assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 118.77 ton Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3

mulch 74.19 ton 83 cy, density 620 kg/m3,

Sand 191.70 ton 83 cy, density 1602 kg/m3

Replenishment wells 0.03 ton 90 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft

Replenishment well heads 0.10 ton Assume steel, 50 lb per unit, 6  units

Seeding, mulch 0.55 ton 22 msf, assume mulch assume, 50 lb per msf 

Seeding, fertilizer 0.22 ton 22 msf, assume fertilizer, assume 20 lb per smf

Well Installation, overburden 0.05 ton Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 0.02 ton Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 0.43 ton 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 0.15 ton 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

manual fence post auger, gas 32.00 hours 5 days, 8 hours per day, 80%utilization

earth auger truck mounted 6.40 hours 1 day, 8 hours per day, 80%utilization

brush chipper, 120 hp 6.40 hours 1 day, 8 hours per day, 80%utilization

Loader, 3CY 6.40 hours 1 day, 8 hours per day, 80%utilization

Chain saw (2) 36 in long, gas 6.40 hours 1 day, 8 hours per day, 80%utilization

Trencher (big) 9.60 hours 100 ft per day, 150 ft, 8 hours per day, 80%utilization

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 25.60 hours 2 day,8 hours per day, 80%utilization

Pump, 20 gpm, 1.5 HP, electricity 25.60 hours 4 days, 8 hours per day, 80%utilization

DPT Drill 7.68 hours 5 wells per day, 6 wells, 8 hours per day, 80%utilization

Truck tractor, 220 hp 6.40 hours 1 day, 8 hours per day, 80%utilization

Drill Rig,  DPT 12.80 hours 5 wells per day, 10 wells, 8 hours per day, 80%utilization

Item Quantity Units Comments

Disposal of decon water 4.16 ton 1000 gallons, 8.32 ppg, 2000 lb per ton

Excavated Soil, non hazardous 250.00 ton 250 ton

IDW 3.31 ton 20 drums of waste, 55 gallons per drum, 721 kg/m3 (assume sludge)

Item Quantity Units Comments

Disposal of decon water 100.00 miles 1000 gallons, 8.32 ppg, 2000 lb per ton

Excavated Soil, non hazardous 100.00 miles 250 ton

IDW 100.00 miles 22 drums of waste, 55 gallons per drum, 721 kg/m3 (assume sludge)

Item Quantity Units Comments

Decon water 3,000.00 gal Yr 5,10,15,20,25 and 30

Equipment Decon Pad 4,202.83 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, Yr 

5,10,15,20,25 and 30

Equipment Decon Pad 2,646.94 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, Yr 

5,10,15,20,25 and 30

Injection water 80,736.00 gal Yr 5,10,15,20,25 and 30

EOS 133,566.51 lb

37 drum, assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Site labor for mulch barrier EOS 500.00 miles 5 days, 50 miles round trip, 2 people, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Equipment Use

Residual Handling

Transportation-residual handling

RAO

Materials

Transportation-Personnel

Transportation-equipment
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Mobilzation/Demobilization 180.00 ton

3 trailers, 10 ton per trailer, 100 miles round trip, Yr 5,10,15,20,25 and 

30

Decon Water Storage Tank 5.40 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 gal 

capacity tank, Yr 5,10,15,20,25 and 30

Clean Water Storage Tank 3.60 ton
4000 gallons capacity HPDE, 100  miles round trip, Yr 5,10,15,20,25 

and 30

Item Quantity Units Comments

Equipment Decon Pad 2.10 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, Yr 

5,10,15,20,25 and 30

Equipment Decon Pad 1.32 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, Yr 

5,10,15,20,25 and 30

Injection water 335.86 ton

13456 gallons, 8.32 ppg, 2000 pound per ton, Yr 5,10,15,20,25 and 

30

EOS 66.78 ton

37 drum, assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Inject Pumps, 20 gpm, 1.5 HP, electricity 384.00 hours

10 days operation, 8 hours per day, 80% utilization, Yr 5,10,15,20,25 

and 30

Item Quantity Units Comments

Disposal of decon water 12.48 ton 500 gallons, 8.32 ppg, 2000 lb per ton, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Disposal of decon water 100.00 miles 1000 gallons, 8.32 ppg, 2000 lb per ton, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Site inspection 1,500.00 miles 1 day per year, 50 mile round trip, 1 person, every year for 30 years

Sampling crew 17,500.00 miles

4 visit for year 1, 5 days per visit, 50 mile tround trup, 2 people; 2 visit 

year 2 and year 3, 5 days per visit,  50 mile round trip, 2 people; 1 

visit per year, 5 days per visit,  50 mile round trip, year 4 through 30, 2 

people

Item Quantity Units Comments

surface and groundwater samlpling 182,000.00 dollars

24 wells, 2 surface water samples, quarterly for the first year, twice a 

year for year 2 and 2, and once a year for years 4 through 30, 

assume $200 per sample

Laboratory Analytical Services

LTM

Transportation-Personnel

Transportation-residual handling

Transportation-materials

Equipment Use

Residual Handling
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Item Quantity Units Comments

Equipment Decon Pad 700.47 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 441.16 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 

kg/m3

Decon water 1,000.00 gal

Material Handling pad 2,918.63 lb assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 237,540.44 lb Assume 6. inches gravel, 50ftx100ft, density 1522 kg/m3

mulch 273,518.98 lb 153 cy, density 620 kg/m3,

Sand 706,737.74 lb 153 cy, density 1602 kg/m3

Replenishment wells 118.80 lb 165 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb.lft

Replenishment well heads 200.00 lb Assume steel, 50 lb per unit, 4 units

Seeding, mulch 2,000.00 lb 40 msf, assume mulch,  50 lb per msf 

Seeding, fertilizer 800.00 lb 40 msf, assume fertilizer, 20lb per msf

Well Installation, overburden 108.00 lb Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 36.00 lb Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 850.00 lb

10 handholes 2' by 2' by 3', assume weight 85 lb, assume 

concrete

Protective Casing, steel cover 300.00 lb 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

Crew for fence and gate 500.00 miles 5 days, 50 miles round trip, 2 people

Crew for signs on fence 150.00 miles 1 day, 50 miles round trip,  3 people

Crew for wood clearing and chipping trees 300.00 miles 1 day, 50 miles round trip, 6 people

Site Labor for mulch barriers 750.00 miles 5 day, 50 miles round trip, 3 people

Crew for seeding 150.00 miles 1 day, 50 miles round trip, 3 people

Crew for well monitoring placement 300.00 miles 2 days, 50 miles round trip, 3 people

Item Quantity Units Comments

Mobilzation/Demobilization 40.00 4 trailers, 10 ton per trailer, 100 miles round trip

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 

500 gal capacity tank

Clean Water Storage Tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Flatbed truck for fence 1.50 ton 1.5 ton

Flatbed truck for gate 1.50 ton 1.5 ton

flat bed truck for signs 3.00 ton 3 ton

Storage tank 2.25 ton

15,000 gallons capacity, HDPE, 100 miles round trip, 150 lb per 

500 gallon capacity tank

Hydromulcher 0.60 ton 1 hydromulcher, 1200 lb per hydromulcher, 100 miles round trip

manual fence post auger, gas 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

earth auger truck mounted 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

brush chipper, 120 hp 2.85 ton 1 wood chipper, 2.85 tons per woodchipper, 100 miles round trip

Loader, 3CY 12.07 ton 24141 lb per loader, 1 loader, 100 miles round trip

Chain saw (2) 36 in long, gas 0.02 ton 16.5 lb per chain saw, 2 chain sawys, 100 miles round trip

trencher, big 35.25 ton 1 trencher, 70500 lb per trencher, 100 miles round trip

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 61.86 ton 2 loaders, 61857 lb per loader, 100 miles round trip

DPT Drill Rig 3.05 1 drill rig, 6100 lb, 100 miles round trip

Truck tractor, 220 hp 13.29 ton 26585 lb per tractor,  1 tractor, 100 miles round trip

DPT Drill Rig 3.05 1 drill rig, 6100 lb, 100 miles round trip

Transportation-materials

Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs

Transportation-equipment

RAC

Materials

Transportation-Personnel
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Item Quantity Units Comments

Equipment Decon Pad 0.35 ton assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 0.22 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 

kg/m3

Material Handling pad 1.46 ton assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 118.77 ton Assume 6. inches gravel, 50ftx100ft, density 1522 kg/m3

mulch 136.76 ton 153 cy, density 620 kg/m3,

Sand 353.37 ton 153 cy, density 1602 kg/m3

Replenishment wells 0.06 ton 165 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb.lft

Replenishment well heads 0.10 ton Assume steel, 50 lb per unit, 11  units

Seeding, mulch 1.00 ton 40 msf, assume mulch,  50 lb per msf 

Seeding, fertilizer 0.40 ton 40 msf, assume fertilizer, 20lb per msf

Well Installation, overburden 0.05 ton Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 0.02 ton Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 0.43 ton

10 handholes 2' by 2' by 3', assume weight 85 lb, assume 

concrete

Protective Casing, steel cover 0.15 ton 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

manual fence post auger, gas 32.00 hours 5 days, , 8 hours per day, 80%utilization

earth auger truck mounted 6.40 hours 1 day, 8 hours per day, 80%utilization

brush chipper, 120 hp 6.40 hours 1 day, 8 hours per day, 80%utilization

Loader, 3CY 6.40 hours 1 day, 8 hours per day, 80%utilization

Chain saw (2) 36 in long, gas 6.40 hours 1 day, 8 hours per day, 80%utilization

trencher, big 17.60 hours 100 ft per day, 275 ft, 8 hours per day, 80%utilization

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 64.00 hours 5 days, 8 hours per day, 80%utilization

pump, 20 gpm, 1.5 HP (electricity) 64.00 hours 10 days, 8 hours per day, 80%utilization

DPT Drill 14.08 hours 5 wells per day, 11 wells, 8 hours per day, 80%utilization

Truck tractor, 220 hp 6.40 hours 1 day, 8 hours per day, 80%utilization

Drill Rig,  DPT 12.80 hours 5 wells per day, 10 wells, 8 hours per day, 80%utilization

Item Quantity Units Comments

Disposal of decon water 4.16 ton 1000 gallons, 8.32 ppg, 2000 lb per ton

Disposal excavated soil 459.00 ton

IDW 3.31 ton

20 drums of waste, 55 gallons per drum, 721 kg/m3 (assume 

sludge)

Item Quantity Units Comments

Disposal of decon water 100.00 miles 1000 gallons, 8.32 ppg, 2000 lb per ton

Transportation excavated soil 100.00 miles 459 ton

IDW 100.00 miles

22 drums of waste, 55 gallons per drum, 721 kg/m3 (assume 

sludge)

Item Quantity Units Comments

Equipment Decon Pad 4,202.83 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, Yr 

5,10,15,20,25 and 30

Equipment Decon Pad 2,646.94 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 

kg/m3, Yr 5,10,15,20,25 and 30

Decon water 3,000.00 gal Yr 5,10,15,20,25 and 30

Injection Water 148,062.00 gal Yr 5,10,15,20,25 and 30

EOS 245,473.59 lb

68 drum,assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Equipment Use

Residual Handling

Transportation-residual handling

RAO

Materials

Transportation-Personnel
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Site Labor Mulch Barriers EOS 4,800.00 miles 8 days, 50 miles round trip, 2 people, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Mobilzation/Demobilization 180.00 ton

3 trailers, 10 ton per trailer, 100 miles round trip, Yr 

5,10,15,20,25 and 30

Decon Water Storage Tank 5.40 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 

500 gal capacity tank, Yr 5,10,15,20,25 and 30

Clean Water Storage Tank 3.60 ton
4000 gallons capacity HPDE, 100  miles round trip, Yr 

5,10,15,20,25 and 30

Item Quantity Units Comments

Equipment Decon Pad 2.10 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, Yr 

5,10,15,20,25 and 30

Equipment Decon Pad 1.32 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 

kg/m3, Yr 5,10,15,20,25 and 30

Injection Water 615.94 ton 26677 gal, 8.32 ppg, 2000 lb per ton, Yr 5,10,15,20,25 and 30

EOS 122.74 ton

68 drum,assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Injection pumps, 20 gpm, 1.5 HP 

(electricity) 614.40 hours 16 day, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Disposal of decon water 12.48 ton 500 gallons, 8.32 ppg, 2000 lb per ton, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Disposal of decon water 100.00 miles 1000 gallons, 8.32 ppg, 2000 lb per ton, Yr 5,10,15,20,25 and 30

Item Quantity Units Comments

Site inspection 1,500.00 miles

1 day per year, 50 mile round trip, 1 person, every year for 30 

years

Sampling crew 17,500.00 miles

4 visit for year 1, 5 days per visit, 50 mile tround trup, 2 people; 2 

visit year 2 and year 3, 5 days per visit,  50 mile round trip, 2 

people; 1 visit per year, 5 days per visit,  50 mile round trip, year 

4 through 30, 2 people

Item Quantity Units Comments

surface and groundwater samlpling 189,000.00 dollars

25 wells, 2 surface water samples, quarterly for the first year, 

twice a year for year 2 and 2, and once a year for years 4 

through 30, assume $200 per sample

Laboratory Analytical Services

LTM

Transportation-Personnel

Transportation-residual handling

Transportation-equipment

Transportation-materials

Equipment Use

Residual Handling
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Item Quantity Units Comments

Equipment Decon Pad 700.47 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 441.16 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Decon water 3,000.00 gal

Material Handling pad 2,918.63 lb assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 237,540.44 lb Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3

Injection wells 518.40 lb 720 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb.lft

Injection well heads 200.00 lb 4 units, assume steel, 50 lb per unit

sodium lactate 2,475.00 lb Assume vegetable oil

Sodium bicarbonate 2,970.00 lb Assume soda ash

Injection water 1,470.00 gal

Injection wells 244.80 lb 340 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb/lft

Injection well heads 200.00 lb 4units, assume steel, 50 lb per unit

sodium lactate 97.00 lb Assume vegetable oil

Sodium bicarbonate 116.00 lb Assume soda ash

Injection water 60.00 gal

mulch 148,379.58 lb 83 cy, density 620 kg/m3,

Sand 383,393.68 lb 83 cy, density 1602 kg/m3

Replenishment wells 64.80 lb 90 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft

Replenishment well heads 200.00 lb Assume steel, 50 lb per unit, 4  units

Seeding, mulch 750.00 lb 15 msf, assume mulch assume 50 lb per msf 

Seeding, fertilizer 300.00 lb 15 msf, assume fertilizer, assume 20 lb per msf 

Well Installation, overburden 108.00 lb Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 36.00 lb Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 850.00 lb 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 300.00 lb 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

Crew for fence and gate 500.00 miles 5 days, 50 miles round trip, 2 people

Crew for signs on fence 150.00 miles 1 day, 50 miles round trip,  3 people

Crew for wood clearing and chipping trees 900.00 miles 3 day, 50 miles round trip, 6 people

Site labor for overburden enhanced 

bioremediation 700.00 miles 7 days, 50 miles round trip, 2 people

Site labor for bedrock enhanced 

bioremediation 400.00 miles 4 days, 50 miles round trip, 2 people

Site labor for mulch barriers 750.00 miles 5 days, 50 miles round trip, 3 people

Crew for seeding 150.00 miles 1 day, 50 miles round trip, 3 people

Crew for well monitoring placement 300.00 miles 2 days, 50 miles round trip, 3 people

Item Quantity Units Comments

Mobilzation/Demobilization 60.00 ton 6 trailers, 10 ton per trailer, 100 miles round trip

Decon Water Storage Tank 0.90 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 

gal capacity tank

Clean Water Storage Tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Flatbed truck for fence 1.50 ton 1.5 ton

Flatbed truck for gate 1.50 ton 1.5 ton

flat bed truck for signs 3.00 ton 3 ton

Storage tank 2.25 ton

15,000 gallons capacity, HDPE, 100 miles round trip, 150 lb per 500 

gallon capacity tank

Hydromulcher 0.60 ton 1 hydromulcher, 1200 lb per hydromulcher, 100 miles round trip

manual fence post auger, gas 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

earth auger truck mounted 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

brush chipper, 120 hp 2.85 ton 1 wood chipper, 2.85 tons per woodchipper, 100 miles round trip

RAC

Materials

Transportation-Personnel

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden 

Mulch PRB, Monitoring, Engineering Controls, and LUCs

Transportation-equipment
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Loader, 3CY 12.07 ton 24141 lb per loader, 1 loader, 100 miles round trip

Chain saw (2) 36 in long, gas 0.02 ton 16.5 lb per chain saw, 2 chain sawys, 100 miles round trip

trencher, big 35.25 ton 1 trencher, 70500 lb per trencher, 100 miles round trip

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 61.86 ton 2 loaders, 61857 lb per loader, 100 miles round trip

Truck tractor, 220 hp 13.29 ton 26585 lb per tractor,  1 tractor, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Item Quantity Units Comments

Equipment Decon Pad 0.35 ton assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 0.22 ton Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Material Handling pad 1.46 ton assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 118.77 ton Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3

Injection wells 0.26 ton 720 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb.lft

Injection well heads 0.10 ton 4 units, assume steel, 50 lb per unit

sodium lactate 1.24 ton Assume vegetable oil

Sodium bicarbonate 1.49 ton Assume soda ash

Injection water 6.12 ton 1470 gal, 8.32 ppg, 2000 lb per ton

Injection wells 0.12 ton 340 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb/lft

Injection well heads 0.10 ton 4 units, assume steel, 50 lb per unit

sodium lactate 0.05 ton Assume vegetable oil

Sodium bicarbonate 0.06 ton Assume soda ash

Injection water 0.25 ton 60 gal, 8.32 ppg, 2000 lb per ton

mulch 74.19 ton 83 cy, density 620 kg/m3,

Sand 191.70 ton 83 cy, density 1602 kg/m3

Replenishment wells 0.03 ton 90 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft

Replenishment well heads 0.10 ton Assume steel, 50 lb per unit, 4 units

Seeding, mulch 1.00 ton 40 msf, assume mulch assume 50 lb per msf 

Seeding, fertilizer 0.40 ton 40 msf, assume fertilizer, assume 20 lb per msf 

Well Installation, overburden 0.05 ton Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 0.02 ton Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 0.43 ton 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 0.15 ton 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

manual fence post auger, gas 32.00 hour 5 days, 8 hours per day, 80% utilization

earth auger truck mounted 6.40 hour 1 day, 8 hours per day, 80% utilization

brush chipper, 120 hp 19.20 hour 3 day, 8 hours per day, 80% utilization

Loader, 3CY 19.20 hour 3 day, 8 hours per day, 80% utilization

Chain saw (2) 36 in long, gas 19.20 hour 3 day, 8 hours per day, 80% utilization

Pumps, 1 gpm, 0.5HP (electricity) 44.80 hour 7 days, 8 hours per day, 80% utilization

DPT, Drill 53.76 hour 42 wells, 5 wells per day, 8 hours per day, 80% utilization

Pumps, 1 gpm, 0.5HP (electricity) 25.60 hour 4 days, 8 hours per day, 80% utilization

DPT Drill 11.52 hour 9 wells, 5 wells per day, 8 hours per day, 80% utilization

trencher, big 9.60 hour 100 ft per day, 150 ft, 8 hours per day, 80% utilization

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 25.60 hour 2 days, 8 hours per day, 80% utilization

pumps, 20 gpm, 1.5 HP (electricity) 12.80 hour 2 days, 8 hours per day, 80% utilization

DPT, Drill 14.08 hour 11 wells, 5 wells per day, 8 hours per day, 80% utilization

Truck tractor, 220 hp 6.40 hour 1 day, 8 hours per day, 80% utilization

Drill Rig,  DPT 12.80 hours 5 wells per day, 10 wells, 8 hours per day, 80%utilization

Item Quantity Units Comments

Disposal of decon water 12.48 ton 3000 gallons, 8.32 ppg, 2000 lb per ton

Disposal excavated soil 459.00 ton

Transportation-materials

Equipment Use

Residual Handling
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IDW 3.31 ton

20 drums of waste, 55 gallons per drum, 721 kg/m3 (assume 

sludge)

Item Quantity Units Comments

Disposal of decon water 100.00 miles 3000 gallons, 8.32 ppg, 2000 lb per ton

Transportation excavated soil 100.00 miles 459 ton

IDW 100.00 miles

22 drums of waste, 55 gallons per drum, 721 kg/m3 (assume 

sludge)

Item Quantity Units Comments

Decon water 1,000.00 gal year 1 and 3

Equipment Decon Pad 1,400.94 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, year 1 

and 3

Equipment Decon Pad 882.31 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

year 1 and 3

EOS 601.65 lb

0.5 drum assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, year 1 and 3

Injection Water 92.00 gal year 1 and 3

Decon water 3,000.00 gal years 5,10,15,20,25, and 30

Equipment Decon Pad 4,202.83 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, years 

5,10,15,20,25, and 30

Equipment Decon Pad 2,646.94 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

years 5,10,15,20,25, and 30

EOS 133,566.51 lb

37 drum assume vegetable oil, years 5,10,15,20,25, and 30, years 

5,10,15,20,25, and 30

Injection Water 80,736.00 gal years 5,10,15,20,25, and 30

Item Quantity Units Comments

Site Labor for bioremediation EOS 1,600.00 miles 8 days, 50 miles round trip, 2 people, year 1 and 3

Site Labor for bioremediation EOS 3,000.00 miles 5 days, 50 miles round trip, 2 people, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Mobilzation/Demobilization 60.00 ton 3 trailers, 10 ton per trailer, 100 miles round trip, year 1 and 3

Decon Water Storage Tank 1.80 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 

gal capacity tank, year 1 and 3

Clean Water Storage Tank 1.20 ton
4000 gallons capacity HPDE, 100  miles round trip, year 1 and 3

Mobilzation/Demobilization 180.00 ton

3 trailers, 10 ton per trailer, 100 miles round trip, year 5,10,15,20,25 

and 30

Decon Water Storage Tank 5.40 ton
6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 

gal capacity tank, years 5,10,15,20,25, and 30

Clean Water Storage Tank 3.60 ton
4000 gallons capacity HPDE, 100  miles round trip, years 

5,10,15,20,25, and 30

Item Quantity Units Comments

Equipment Decon Pad 0.70 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, year 1 

and 3

Equipment Decon Pad 0.44 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

year 1 and 3

EOS 0.30 ton

0.5 drum assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, year 1 and 3

Injection Water 0.38 ton year 1 and 3

Equipment Decon Pad 2.10 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, years 

5,10,15,20,25, and 30

Equipment Decon Pad 1.32 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

years 5,10,15,20,25, and 30

Transportation-equipment

Materials

Transportation-Personnel

Transportation-materials

Transportation-residual handling

RAO



Input Inventory Alternative G5

Solvent Release Area, NAS South Weymouth

Weymouth, MA

Page 12 of 16

EOS 66.78 ton

37 drum assume vegetable oil, years 5,10,15,20,25, and 30, years 

5,10,15,20,25, and 30

Injection Water 335.86 ton years 5,10,15,20,25, and 30

Item Quantity Units Comments

Injection ppumps 102.40 hours 8 days, 8 hours per day, 80% utlizatoin, year 1 and 3

Injection ppumps 192.00 hours 5 days, 8 hours per day, 80% utlization, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Disposal of decon water 4.16 ton 500 gallons, 8.32 ppg, 2000 lb per ton, year 1 and 3

Disposal of decon water 12.48 ton 500 gallons, 8.32 ppg, 2000 lb per ton, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Disposal of decon water 100.00 miles 500 gallons, 8.32 ppg, 2000 lb per ton, year 1 and 3

Disposal of decon water 100.00 miles 500 gallons, 8.32 ppg, 2000 lb per ton, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Site inspection 1,500.00 miles 1 day per year, 50 mile round trip, 1 person, every year for 30 years

Sampling crew 21,000.00 miles

4 visit for year 1, 6 days per visit, 50 mile tround trup, 2 people; 2 

visit year 2 and year 3, 6 days per visit,  50 mile round trip, 2 people; 

1 visit per year, 6 days per visit,  50 mile round trip, year 4 through 

30, 2 people

Item Quantity Units Comments

surface and groundwater samlpling 196,000.00 dollars

26 wells, 2 surface water samples, quarterly for the first year, twice 

a year for year 2 and 2, and once a year for years 4 through 30, 

assume $200 per sample

Equipment Use

Transportation-residual handling

Residual Handling

Laboratory Analytical Services

LTM

Transportation-Personnel
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Item Quantity Units Comments

Equipment Decon Pad 700.47 lb assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 441.16 lb Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Decon water 3,000.00 gal

Material Handling pad 2,918.63 lb assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 237,540.44 lb Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3

Injection wells 518.40 lb 720 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb.lft

Injection well heads 200.00 lb 4 units, assume steel, 50 lb per unit

sodium lactate 2,475.00 lb Assume vegetable oil

Sodium bicarbonate 2,970.00 lb Assume soda ash

Injection water 1,470.00 gal

Injection wells 244.80 lb 340 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb/lft

Injection well heads 200.00 lb 4units, assume steel, 50 lb per unit

sodium lactate 97.00 lb Assume vegetable oil

Sodium bicarbonate 116.00 lb Assume soda ash

Injection water 60.00 gal

mulch 273,518.98 lb 153 cy, density 620 kg/m3,

Sand 706,737.74 lb 153 cy, density 1602 kg/m3

Replenishment wells 118.80 lb 165 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft

Replenishment well heads 200.00 lb Assume steel, 50 lb per unit, 4  units

Seeding, mulch 750.00 lb 15 msf, assume mulch assume 50 lb per msf 

Seeding, fertilizer 300.00 lb 15 msf, assume fertilizer, assume 20 lb per msf 

Well Installation, overburden 108.00 lb Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 36.00 lb Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 850.00 lb 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 300.00 lb 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

Crew for fence and gate 500.00 miles 5 days, 50 miles round trip, 2 people

Crew for signs on fence 150.00 miles 1 day, 50 miles round trip,  3 people

Crew for wood clearing and chipping trees 900.00 miles 3 day, 50 miles round trip, 6 people

Site labor for overburden enhanced 

bioremediation 700.00 miles 7 days, 50 miles round trip, 2 people

Site labor for bedrock enhanced 

bioremediation 400.00 miles 4 days, 50 miles round trip, 2 people

Site labor for mulch barriers 750.00 miles 5 days, 50 miles round trip, 3 people

Crew for seeding 150.00 miles 1 day, 50 miles round trip, 3 people

Crew for well monitoring placement 300.00 miles 2 days, 50 miles round trip, 3 people

Item Quantity Units Comments

Mobilzation/Demobilization 60.00 ton 6 trailers, 10 ton per trailer, 100 miles round trip

Decon Water Storage Tank 0.90 ton

6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 

gal capacity tank

Clean Water Storage Tank 0.60 ton 4000 gallons capacity HPDE, 100  miles round trip

Flatbed truck for fence 1.50 ton 1.5 ton

Flatbed truck for gate 1.50 ton 1.5 ton

flat bed truck for signs 3.00 ton 3 ton

Storage tank 2.25 ton

15,000 gallons capacity, HDPE, 100 miles round trip, 150 lb per 500 

gallon capacity tank

Hydromulcher 0.60 ton 1 hydromulcher, 1200 lb per hydromulcher, 100 miles round trip

manual fence post auger, gas 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

earth auger truck mounted 0.01 ton 1 auger, 21.6 lb, 100 miles round trip

brush chipper, 120 hp 2.85 ton 1 wood chipper, 2.85 tons per woodchipper, 100 miles round trip

Transportation-equipment

Transportation-Personnel

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden 

Mulch PRB, Monitoring, Engineering Controls, and LUCs

RAC

Materials
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Loader, 3CY 12.07 ton 24141 lb per loader, 1 loader, 100 miles round trip

Chain saw (2) 36 in long, gas 0.02 ton 16.5 lb per chain saw, 2 chain sawys, 100 miles round trip

trencher, big 35.25 ton 1 trencher, 70500 lb per trencher, 100 miles round trip

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 61.86 ton 2 loaders, 61857 lb per loader, 100 miles round trip

Truck tractor, 220 hp 13.29 ton 26585 lb per tractor,  1 tractor, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

DPT Drill Rig 3.05 ton 1 drill rig, 6100 lb, 100 miles round trip

Item Quantity Units Comments

Equipment Decon Pad 0.35 ton assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3

Equipment Decon Pad 0.22 ton Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3

Material Handling pad 1.46 ton assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3

Material Handling pad 118.77 ton Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3

Injection wells 0.26 ton 720 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb.lft

Injection well heads 0.10 ton 4 units, assume steel, 50 lb per unit

sodium lactate 1.24 ton Assume vegetable oil

Sodium bicarbonate 1.49 ton Assume soda ash

Injection water 6.12 ton

Injection wells 0.12 ton 340 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb/lft

Injection well heads 0.10 ton 4units, assume steel, 50 lb per unit

sodium lactate 0.05 ton Assume vegetable oil

Sodium bicarbonate 0.06 ton Assume soda ash

Injection water 0.25 ton

mulch 136.76 ton 153 cy, density 620 kg/m3,

Sand 353.37 ton 153 cy, density 1602 kg/m3

Replenishment wells 0.06 ton 165 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft

Replenishment well heads 0.10 ton Assume steel, 50 lb per unit, 4  units

Seeding, mulch 0.38 ton 15 msf, assume mulch assume 50 lb per msf 

Seeding, fertilizer 0.15 ton 15 msf, assume fertilizer, assume 20 lb per msf 

Well Installation, overburden 0.05 ton Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft

Well Installation, bedrock 0.02 ton Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft

Protective Casing 0.43 ton 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete

Protective Casing, steel cover 0.15 ton 10 covers, assume steel, assum 30 lb per cover

Item Quantity Units Comments

manual fence post auger, gas 32.00 hour 5 days, 8 hours per day, 80% utilization

earth auger truck mounted 6.40 hour 1 day, 8 hours per day, 80% utilization

brush chipper, 120 hp 19.20 hour 3 day, 8 hours per day, 80% utilization

Loader, 3CY 19.20 hour 3 day, 8 hours per day, 80% utilization

Chain saw (2) 36 in long, gas 19.20 hour 3 day, 8 hours per day, 80% utilization

Pumps, 1 gpm, 0.5HP (electricity) 44.80 hour 7 days, 8 hours per day, 80% utilization

DPT, Drill 53.76 hour 42 wells, 5 wells per day, 8 hours per day, 80% utilization

Pumps, 1 gpm, 0.5HP (electricity) 25.60 hour 4 days, 8 hours per day, 80% utilization

DPT Drill 11.52 hour 9 wells, 5 wells per day, 8 hours per day, 80% utilization

trencher, big 17.60 hour 100 ft per day, 275 ft, 8 hours per day, 80% utilization

Front end loader (2) 270 hp, 5 1/4 to 5 3/4 

CY 64.00 hour 5 days, 8 hours per day, 80% utilization

pumps, 20 gpm, 1.5 HP (electricity) 32.00 hour 5 days, 8 hours per day, 80% utilization

DPT, Drill 14.08 hour 11 wells, 5 wells per day, 8 hours per day, 80% utilization

Truck tractor, 220 hp 6.40 hour 1 day, 8 hours per day, 80% utilization

Drill Rig,  DPT 12.80 hours 5 wells per day, 10 wells, 8 hours per day, 80%utilization

Item Quantity Units Comments

Disposal of decon water 12.48 ton 3000 gallons, 8.32 ppg, 2000 lb per ton

Disposal excavated soil 459.00 ton

Transportation-materials

Equipment Use

Residual Handling
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IDW 3.31 ton

20 drums of waste, 55 gallons per drum, 721 kg/m3 (assume 

sludge)

Item Quantity Units Comments

Disposal of decon water 100.00 miles 3000 gallons, 8.32 ppg, 2000 lb per ton

Transportation excavated soil 100.00 miles 459 ton

IDW 100.00 miles

20 drums of waste, 55 gallons per drum, 721 kg/m3 (assume 

sludge)

Item Quantity Units Comments

Decon water 1,000.00 gal year 1 and 3

Equipment Decon Pad 1,400.94 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, year 1 

and 3

Equipment Decon Pad 882.31 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

year 1 and 3

EOS 601.65 lb

0.5 drum assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, year 1 and 3

Injection Water 92.00 gal year 1 and 3

Decon water 3,000.00 gal years 5,10,15,20,25, and 30

Equipment Decon Pad 4,202.83 lb

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, years 

5,10,15,20,25, and 30

Equipment Decon Pad 2,646.94 lb

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

years 5,10,15,20,25, and 30

EOS 245,473.59 lb

68 drum assume vegetable oil, years 5,10,15,20,25, and 30, years 

5,10,15,20,25, and 30

Injection Water 148,062.00 gal 26,667 gallons per year, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Site Labor for bioremediation EOS 1,600.00 miles 8 days, 50 miles round trip, 2 people, year 1 and 3

Site Labor for bioremediation EOS 4,800.00 miles 8 days, 50 miles round trip, 2 people, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Mobilzation/Demobilization 60.00 ton 3 trailers, 10 ton per trailer, 100 miles round trip, year 1 and 3

Decon Water Storage Tank 1.80 ton

6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 

gal capacity tank, year 1 and 3

Clean Water Storage Tank 1.20 ton 4000 gallons capacity HPDE, 100  miles round trip, year 1 and 3

Mobilzation/Demobilization 180.00 ton

3 trailers, 10 ton per trailer, 100 miles round trip, year 5,10,15,20,25 

and 30

Decon Water Storage Tank 5.40 ton

6000 gallons capacity, HPDE, 100 miles round trip, 150 ln per 500 

gal capacity tank, years 5,10,15,20,25, and 30

Clean Water Storage Tank 3.60 ton

4000 gallons capacity HPDE, 100  miles round trip, years 

5,10,15,20,25, and 30

Item Quantity Units Comments

Equipment Decon Pad 0.70 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, year 1 

and 3

Equipment Decon Pad 0.44 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

year 1 and 3

EOS 0.30 ton

0.5 drum assume vegetable oil, 55 gal per drum, assume density 

1310.8 kg/m3, year 1 and 3

Injection Water 0.38 ton year 1 and 3

Equipment Decon Pad 2.10 ton

assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, years 

5,10,15,20,25, and 30

Equipment Decon Pad 1.32 ton

Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, 

years 5,10,15,20,25, and 30

Transportation-residual handling

RAO

Materials

Transportation-Personnel

Transportation-equipment

Transportation-materials
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EOS 122.74 ton

68 drum assume vegetable oil, years 5,10,15,20,25, and 30, years 

5,10,15,20,25, and 30

Injection Water 615.94 ton 26,667 gallons per year, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Injection ppumps 102.40 hours 8 days, 8 hours per day, 80% utlizatoin, year 1 and 3

Injection ppumps 307.20 hours 8 days, 8 hours per day, 80% utlization, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Disposal of decon water 4.16 ton 500 gallons, 8.32 ppg, 2000 lb per ton, year 1 and 3

Disposal of decon water 12.48 ton 500 gallons, 8.32 ppg, 2000 lb per ton, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Disposal of decon water 100.00 miles 500 gallons, 8.32 ppg, 2000 lb per ton, year 1 and 3

Disposal of decon water 100.00 miles 500 gallons, 8.32 ppg, 2000 lb per ton, years 5,10,15,20,25, and 30

Item Quantity Units Comments

Site inspection 1,500.00 miles 1 day per year, 50 mile round trip, 1 person, every year for 30 years

Sampling crew 21,000.00 miles

4 visit for year 1, 6 days per visit, 50 mile tround trup, 2 people; 2 

visit year 2 and year 3, 6 days per visit,  50 mile round trip, 2 people; 

1 visit per year, 6 days per visit,  50 mile round trip, year 4 through 

30, 2 people

Item Quantity Units Comments

surface and groundwater samlpling 210,000.00 dollars

26 wells, 2 surface water samples, 2 sediment samples, quarterly 

for the first year, twice a year for year 2 and 2, and once a year for 

years 4 through 30, assume $200 per sample

Laboratory Analytical Services

Transportation-residual handling

LTM

Transportation-Personnel

Residual Handling

Equipment Use
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Sustainable Remediation - Environmental Footprint Summary
G-2

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.36 4.6E+00 NA 1.3E-04 4.7E-06 2.7E-05 7.4E-06 6.0E-04
Transportation-Equipment 0.23 3.0E+00 NA 7.3E-05 1.3E-06 6.5E-06 1.2E-06 9.4E-05
Equipment Use and Misc 1.04 5.0E+01 6.1E+02 2.3E-03 1.0E-03 8.3E-04 4.8E-06 1.2E-03
Residual Handling 0.15 1.9E+00 NA 4.6E-05 8.2E-07 4.1E-06 7.8E-07 6.3E-05
Sub-Total 1.78 5.91E+01 6.13E+02 2.55E-03 1.01E-03 8.63E-04 1.41E-05 1.95E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 4.57 5.8E+01 NA 1.7E-03 6.0E-05 3.4E-04 9.4E-05 7.5E-03
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 103.19 1.5E+03 0.0E+00 3.6E-01 2.4E-01 9.0E-03 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 107.77 1.60E+03 0.00E+00 3.59E-01 2.38E-01 9.39E-03 9.36E-05 7.53E-03

1.1E+02 1.7E+03 6.1E+02 3.6E-01 2.4E-01 1.0E-02 1.1E-04 9.5E-03

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 1.6E-02

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 6.0E-02
Total 0.0E+00 0.0E+00 0.0E+00 $0 7.6E-02
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Activities Accident Risk 
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Lost Hours - Injury Total Cost with 
Footprint Reduction 
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC Well Installation, overburden PVC Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft 150 lft 0.24 0.12 2.94E-04 1.42E-03 0.00E+00 4.75E-04 6.86E-05 4.47 0.26

RAC Well Installation, bedrock PVC Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft 50 lft 0.08 0.04 9.80E-05 4.73E-04 0.00E+00 1.58E-04 2.29E-05 1.49 0.09

RAC Protective Casing General Concrete
10 handholes 2' by 2' by 3', assume weight 85 lb, assume 

concrete 850 lbs 0.05 0.05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.49 0.00

RAC Protective Casing, steel cover Steel 10 covers, assume steel, assum 30 lb per cover 300 lbs 0.38 0.37 4.08E-05 1.09E-04 8.16E-07 3.13E-04 0.00E+00 6.33 0.27
Subtotal 0.76 0.58 4.33E-04 2.00E-03 8.16E-07 9.46E-04 9.14E-05 12.78 0.61

Stage Construction Equipment MWhr gal x 1000

RAC manual fence post auger, gas
Power Auger, 2 stroke, 

1<HP<= 3, gas 5 days, 8 hours per day, 80% utilization 32.0 hrs 0.06 0.06 0.00E+00 0.00E+00 1.19E-04 1.25E-05 4.33E-04 0.15

RAC Drill Rig,  DPT Drill Rig, DPT (diesel) 5 wells per day, 10 wells, 8 hours per day, 80% utilization 12.8 hrs 0.21 0.20 0.00 2.34E-04 2.15E-03 4.31E-05 2.15E-04 1.56

RAC earth auger truck mounted
Power Auger, 2 stroke, 

1<HP<= 3, gas 1 day, 8 hours per day, 80% utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.37E-05 2.50E-06 8.65E-05 0.03
Subtotal 0.28 0.27 0.00E+00 2.34E-04 2.30E-03 5.81E-05 7.34E-04 1.75 0

Total 1.04 0.85 4.33E-04 2.24E-03 2.30E-03 1.00E-03 8.25E-04 14.53 0.61

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 e CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

Tonnes MMBTU gal
-              -           -            -            -            -            -            -                   -                    

1.04             0.85         0.13          0.05          2.30E-03 1.00E-03 8.25E-04 49.56               613.47               
-              -           -            -            -            -            -            -                   -                    
-              -           -            -            -            -            -            -                   -                    

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

Tonnes

Tonnes

RI
RAC

Technology Module / Phase Module Components Comments / Assumptions

RAO
LTM

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Greenhouse Gas Emissions
Quantity (Units)
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Sustainable Remediation - Environmental Footprint Summary
G-3

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.65 8.1E+00 NA 2.4E-04 8.4E-06 4.9E-05 1.3E-05 1.1E-03
Transportation-Equipment 2.96 3.9E+01 NA 9.3E-04 1.6E-05 8.3E-05 7.3E-06 5.9E-04
Equipment Use and Misc 62.63 2.4E+03 3.5E+03 2.5E-02 1.8E-01 1.8E-02 1.1E-05 2.8E-03
Residual Handling 0.61 8.0E+00 NA 1.9E-04 3.4E-06 1.7E-05 2.3E-06 1.9E-04
Sub-Total 66.85 2.43E+03 3.47E+03 2.64E-02 1.83E-01 1.81E-02 3.39E-05 4.61E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.19 2.4E+00 NA 7.1E-05 2.5E-06 1.4E-05 3.9E-06 3.1E-04
Transportation-Equipment 3.09 4.0E+01 NA 9.7E-04 1.7E-05 8.6E-05 7.6E-06 6.2E-04
Equipment Use and Misc 29.60 2.6E+03 1.5E+05 1.7E-04 4.1E-02 3.1E-03 0.0E+00 0.0E+00
Residual Handling 0.17 2.2E+00 NA 5.3E-05 9.5E-07 4.8E-06 7.8E-07 6.3E-05
Sub-Total 33.05 2.61E+03 1.46E+05 1.26E-03 4.13E-02 3.16E-03 1.23E-05 9.92E-04

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 7.24 9.1E+01 NA 2.7E-03 9.4E-05 5.4E-04 1.5E-04 1.2E-02
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 107.32 1.6E+03 0.0E+00 3.7E-01 2.5E-01 9.4E-03 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 114.56 1.69E+03 0.00E+00 3.74E-01 2.48E-01 9.95E-03 1.48E-04 1.19E-02

2.1E+02 6.7E+03 1.5E+05 4.0E-01 4.7E-01 3.1E-02 1.9E-04 1.8E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 3.7E-02

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 7.9E-03

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.5E-02
Total 0.0E+00 0.0E+00 0.0E+00 $0 1.4E-01
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Total

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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CO2 equiv CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Replenishment wells PVC 90 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft 90.00 lft 0.15 0.07 1.76E-04 8.52E-04 0.00E+00 2.85E-04 4.11E-05 2.68 0.15

RAC Well Installation, overburden PVC Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft 150.00 lft 0.24 0.12 2.94E-04 1.42E-03 0.00E+00 4.75E-04 6.86E-05 4.47 0.26
RAC Well Installation, bedrock PVC Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft 50.00 lft 0.08 0.04 9.80E-05 4.73E-04 0.00E+00 1.58E-04 2.29E-05 1.49 0.09
RAC Equipment Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 1.97E-03 6.04E-03 0.00E+00 3.49E-03 5.08E-04 9.17 0.25
RAC Equipment Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
RAC Material Handling pad HDPE assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3 2,918.63 lbs 6.51 3.44 8.21E-03 2.51E-02 0.00E+00 1.46E-02 2.12E-03 38.19 1.05
RAC Material Handling pad Gravel Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3 237,540.44 lbs 1.83 1.83 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 43.65 0.00
RAC mulch Mulch 83 cy, density 620 kg/m3, 148,379.58 lbs 46.89 16.42 9.49E-02 5.05E-02 2.79E-05 1.60E-01 1.21E-02 530.80 0.00
RAC Sand Sand 83 cy, density 1602 kg/m3 383,393.68 lbs 0.87 0.87 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 23.48 0.00

RAC Replenishment well heads Steel Assume steel, 50 lb per unit, 4  units 200.00 lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18
RAC Seeding, mulch Mulch 22 msf, assume mulch assume, 50 lb per msf 1,100.00 lbs 0.35 0.12 7.03E-04 3.74E-04 2.07E-07 1.19E-03 8.98E-05 3.94 0.00
RAC Seeding, fertilizer Fertilizer 22 msf, assume fertilizer, assume 20 lb per smf 440.00 lbs 0.55 0.55 7.22E-10 0.00E+00 0.00E+00 2.00E-04 4.01E-07 9.95 0.20

RAC Protective Casing General Concrete 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete 850.00 lbs 0.05 0.05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.49 0.00

RAC
Protective Casing, steel 
cover Steel 10 covers, assume steel, assum 30 lb per cover 300.00 lbs 0.38 0.37 4.08E-05 1.09E-04 8.16E-07 3.13E-04 0.00E+00 6.33 0.27

RAO Equipment Decon Pad HDPE
assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, Yr 
5,10,15,20,25 and 30 4,202.83 lbs 9.38 4.96 1.18E-02 3.62E-02 0.00E+00 2.10E-02 3.05E-03 55.00 1.51

RAO Equipment Decon Pad Wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, Yr 
5,10,15,20,25 and 30 2,646.94 lbs 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.02

RAO EOS Vegetable Oil
37 drum, assume vegetable oil, 55 gal per drum, assume density 
1310.8 kg/m3, Yr 5,10,15,20,25 and 30 133,566.51 lbs 19.99 19.99 1.40E-06 0.00E+00 0.00E+00 1.99E-02 7.87E-06 695.44 60.33

Subtotal 89.13 49.94 0.12 0.12 2.95E-05 0.22 0.02 1,429.32 64.31
Stage Construction Equipment MWhr gal x 1000

RAC
manual fence post auger, 
gas

Power Auger, 2 stroke, 
1<HP<= 3, gas 5 days, 8 hours per day, 80%utilization 32 hrs 0.06 0.06 0.00E+00 0.00E+00 1.19E-04 1.25E-05 4.33E-04 0.15

RAC earth auger truck mounted
Power Auger, 2 stroke, 
1<HP<= 3, gas 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.37E-05 2.50E-06 8.65E-05 0.03

RAC brush chipper, 120 hp WOOD CHIPPER 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.28 0.28 0.00E+00 0.00E+00 2.19E-03 0.00E+00 1.85E-04 1.22

RAC Loader, 3CY
Loader, 155 HP, 3 CY 
(diesel) 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.13 0.13 0.00 0.00 1.19E-03 2.43E-04 1.50E-04 0.55

RAC Chain saw (2) 36 in long, gas
Chainsaw, gasoline, 
3<hp<=6, 2 stroke 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.32E-05 0.00E+00 1.71E-04 0.06

RAC Trencher (big) Trencher, 300 HP (diesel) 100 ft per day, 150 ft, 8 hours per day, 80%utilization 9.6 hrs 0.76 0.76 0.00E+00 7.46E-06 6.44E-03 1.63E-04 4.36E-04 8.45

RAC
Front end loader (2) 270 hp, 
5 1/4 to 5 3/4 CY

Loader, 270 HP, 5.25 CY 
(diesel) 2 day,8 hours per day, 80%utilization 25.6 hrs 0.83 0.83 0.00 0.00 7.55E-03 1.57E-03 9.08E-04 3.02

RAC DPT Drill Drill Rig, DPT (diesel) 5 wells per day, 6 wells, 8 hours per day, 80%utilization 7.68 hrs 0.12 0.12 0.00 1.41E-04 1.29E-03 2.58E-05 1.29E-04 0.94
RAC DPT Drill Drill Rig, DPT (diesel) 6 wells per day, 6 wells, 8 hours per day, 80%utilization 12.8 hrs 0.21 0.20 0.00 2.34E-04 2.15E-03 4.31E-05 2.15E-04 1.56
RAC Truck tractor, 220 hp Tractor, 250 hp, diesel 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.48 0.48 0.00E+00 0.00E+00 4.00E-03 0.00E+00 3.02E-04 1.72

Subtotal 2.89 2.88 0.00 0.00 0.02 0.00 0.00 17.71 0
Total 92 53 0.12 0.12 0.03 0.22 0.02 1,447 64

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)
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Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2 equiv CO2 N20 (CO2e) CH4 (CO2e) NOx SOx PM10

Tonnes MMBTU gal
-           -            -             -             -             -             -             -                  -                  

62.62        27.84        32.98         1.79           0.03           0.18           0.02           2,376.68         2,450.65         
29.40        24.97        3.66           0.76           -             0.04           0.00           2,560.59         61,863.26       

-           -            -             -             -             -             -             -                  -                  
Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Module

Greenhouse Gas Emissions Criteria Pollutant Emission
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Sustainable Remediation - Environmental Footprint Summary
G-4

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.82 1.0E+01 NA 3.0E-04 1.1E-05 6.1E-05 1.7E-05 1.3E-03
Transportation-Equipment 3.85 5.0E+01 NA 1.2E-03 2.1E-05 1.1E-04 9.5E-06 7.7E-04
Equipment Use and Misc 105.77 4.1E+03 3.8E+03 4.3E-02 3.2E-01 3.0E-02 1.6E-05 4.0E-03
Residual Handling 3.93 5.1E+01 NA 1.2E-03 2.2E-05 1.1E-04 1.0E-05 8.2E-04
Sub-Total 114.36 4.17E+03 3.78E+03 4.56E-02 3.22E-01 3.04E-02 5.23E-05 6.91E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 1.83 2.3E+01 NA 6.8E-04 2.4E-05 1.4E-04 3.7E-05 3.0E-03
Transportation-Equipment 4.41 5.8E+01 NA 1.4E-03 2.5E-05 1.2E-04 1.1E-05 8.8E-04
Equipment Use and Misc 46.47 4.6E+03 2.6E+05 2.7E-04 5.8E-02 3.1E-03 0.0E+00 0.0E+00
Residual Handling 0.17 2.2E+00 NA 5.3E-05 9.5E-07 4.8E-06 7.8E-07 6.3E-05
Sub-Total 52.88 4.64E+03 2.64E+05 2.39E-03 5.83E-02 3.33E-03 4.91E-05 3.96E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 7.24 9.1E+01 NA 2.7E-03 9.4E-05 5.4E-04 1.5E-04 1.2E-02
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 111.45 1.7E+03 0.0E+00 3.9E-01 2.6E-01 9.8E-03 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 118.69 1.75E+03 0.00E+00 3.88E-01 2.57E-01 1.03E-02 1.48E-04 1.19E-02

2.9E+02 1.1E+04 2.7E+05 4.4E-01 6.4E-01 4.4E-02 2.5E-04 2.3E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 5.5E-02

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 3.2E-02

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 9.5E-02
Total 0.0E+00 0.0E+00 0.0E+00 $0 1.8E-01

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.00% 

0.01% 

99.98% 

0.01% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

32% 

18% 
30% 

20% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.20% 

0.35% 

99.08% 

0.36% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
19% 

11% 

58% 

12% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.67% 

2.65% 

93.97% 

2.71% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 0% 

1% 

98% 

1% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 1% 

3% 

93% 

3% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.04% 
0.04% 

99.92% 

0.00% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

76% 

22% 
0% 

2% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 4.12% 
3.70% 

92.03% 

0.14% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

76% 

22% 
0% 

2% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

28.38% 

58.11% 

11.28% 
2.24% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 1% 
1% 

98% 

0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

4% 

8% 

88% 

0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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0% 0% 

0% 

0% 
0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.04% 

0.00% 

99.96% 

0.00% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 5.27% 

0.00% 

94.73% 

0.00% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.69% 

0.00% 

99.31% 

0.00% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 5% 

0% 

95% 

0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 6% 

0% 

94% 

0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Replenishment wells PVC 165 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb.lft 165.00 lft 0.27 0.13 3.23E-04 1.56E-03 0.00E+00 5.23E-04 7.54E-05 4.91 0.28
RAC Well Installation, overburden PVC Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft 150.00 lft 0.24 0.12 2.94E-04 1.42E-03 0.00E+00 4.75E-04 6.86E-05 4.47 0.26
RAC Well Installation, bedrock PVC Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft 50.00 lft 0.08 0.04 9.80E-05 4.73E-04 0.00E+00 1.58E-04 2.29E-05 1.49 0.09
RAC Equipment Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47 lbs 1.56 0.83 1.97E-03 6.04E-03 0.00E+00 3.49E-03 5.08E-04 9.17 0.25
RAC Equipment Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16 lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
RAC Material Handling pad HDPE assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3 2,918.63 lbs 6.51 3.44 8.21E-03 2.51E-02 0.00E+00 1.46E-02 2.12E-03 38.19 1.05
RAC Material Handling pad Gravel Assume 6. inches gravel, 50ftx100ft, density 1522 kg/m3 237,540.44 lbs 1.83 1.83 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 43.65 0.00
RAC mulch Mulch 153 cy, density 620 kg/m3, 273,518.98 lbs 86.44 30.27 1.75E-01 9.30E-02 5.15E-05 2.95E-01 2.23E-02 978.46 0.00
RAC Sand Sand 153 cy, density 1602 kg/m3 706,737.74 lbs 1.60 1.60 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 43.29 0.00

RAC Replenishment well heads Steel Assume steel, 50 lb per unit, 4  units 200.00 lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18
RAC Seeding, mulch Mulch 40 msf, assume mulch,  50 lb per msf 2,000.00 lbs 0.63 0.22 1.28E-03 6.80E-04 3.76E-07 2.16E-03 1.63E-04 7.15 0.00
RAC Seeding, fertilizer Fertilizer 40 msf, assume fertilizer, 20lb per msf 800.00 lbs 1.00 1.00 1.31E-09 0.00E+00 0.00E+00 3.63E-04 7.29E-07 18.08 0.36
RAC Protective Casing General Concrete 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete 850.00 lbs 0.05 0.05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.49 0.00

RAC
Protective Casing, steel 
cover Steel 10 covers, assume steel, assum 30 lb per cover 300.00 lbs 0.38 0.37 4.08E-05 1.09E-04 8.16E-07 3.13E-04 0.00E+00 6.33 0.27

RAO Equipment Decon Pad HDPE
assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, Yr 5,10,15,20,25 
and 30 4,202.83 lbs 9.38 4.96 1.18E-02 3.62E-02 0.00E+00 2.10E-02 3.05E-03 55.00 1.51

RAO Equipment Decon Pad Wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, Yr 
5,10,15,20,25 and 30 2,646.94 lbs 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.02

RAO EOS Vegetable Oil
68 drum,assume vegetable oil, 55 gal per drum, assume density 1310.8 
kg/m3, Yr 5,10,15,20,25 and 30 245,473.59 lbs 36.74 36.74 2.57E-06 0.00E+00 0.00E+00 3.65E-02 1.45E-05 1,278.10 110.88

Subtotal 147.01 81.87 0.20 0.16 0.00 0.37 0.03 2493.04 115.16
Stage Construction Equipment MWhr gal x 1000

RAC
manual fence post auger, 
gas

Power Auger, 2 stroke, 
1<HP<= 3, gas 5 days, , 8 hours per day, 80%utilization 32 hrs 0.06 0.06 0.00E+00 0.00E+00 1.19E-04 1.25E-05 4.33E-04 0.15

RAC earth auger truck mounted
Power Auger, 2 stroke, 
1<HP<= 3, gas 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.37E-05 2.50E-06 8.65E-05 0.03

RAC brush chipper, 120 hp WOOD CHIPPER 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.28 0.28 0.00E+00 0.00E+00 2.19E-03 0.00E+00 1.85E-04 1.22

RAC Loader, 3CY
Loader, 155 HP, 3 CY 
(diesel) 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.13 0.13 0.00 0.00 1.19E-03 2.43E-04 1.50E-04 0.55

RAC Chain saw (2) 36 in long, gas
Chainsaw, gasoline, 
3<hp<=6, 2 stroke 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.32E-05 0.00E+00 1.71E-04 0.06

RAC trencher, big Trencher, 300 HP (diesel) 100 ft per day, 275 ft, 8 hours per day, 80%utilization 17.6 hrs 1.39 1.39 0.00E+00 1.37E-05 1.18E-02 2.99E-04 7.99E-04 15.49

RAC
Front end loader (2) 270 hp, 
5 1/4 to 5 3/4 CY

Loader, 270 HP, 5.25 CY 
(diesel) 5 days, 8 hours per day, 80%utilization 64 hrs 2.07 2.07 0.00 0.00 1.89E-02 3.92E-03 2.27E-03 7.56

RAC DPT Drill Drill Rig, DPT (diesel) 5 wells per day, 11 wells, 8 hours per day, 80%utilization 14.08 hrs 0.23 0.22 0.00 2.58E-04 2.37E-03 4.74E-05 2.36E-04 1.72
RAC DPT Drill Drill Rig, DPT (diesel) 5 wells per day, 10 wells, 8 hours per day, 80%utilization 12.8 hrs 0.21 0.20 0.00 2.34E-04 2.15E-03 4.31E-05 2.15E-04 1.56
RAC Truck tractor, 220 hp Tractor, 250 hp, diesel 1 day, 8 hours per day, 80%utilization 6.4 hrs 0.48 0.48 0.00E+00 0.00E+00 4.00E-03 0.00E+00 3.02E-04 1.72

Subtotal 4.87 4.86 0.00 0.00 0.04 0.00 0.00 30.07 0
Total 152 87 0.20 0.17 0.04 0.38 0.03 2,523 115

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions
Quantity (Units)

Tonnes

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions



GSRx Results Alternative G-4
Solvent Release Area, NAS South Weymouth

Weymouth, MA
Page 2 of 2

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2e CO2 N20 (CO2e)
CH4 

(CO2e)
NOx SOx PM10

Tonnes MMBTU gal
-           -           -           -          -          -           -           -                  -                  

105.73      45.01       58.01       2.71         0.04         0.32         0.03         4,060.20         2,742.22         
46.15        41.72       3.66         0.76         -          0.06         0.00         4,548.64         112,413.64     

-           -           -           -          -          -           -           -                  -                  
Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RAO
LTM

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

RI
RAC
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Sustainable Remediation - Environmental Footprint Summary
G-5

GHG Emissions Total energy Used Water Consumption NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 1.47 1.8E+01 NA 5.4E-04 1.9E-05 1.1E-04 3.0E-05 2.4E-03
Transportation-Equipment 3.23 4.2E+01 NA 1.0E-03 1.8E-05 9.0E-05 8.2E-06 6.6E-04
Equipment Use and Misc 69.39 2.7E+03 1.1E+04 4.4E-02 1.9E-01 2.1E-02 2.1E-05 5.3E-03
Residual Handling 3.86 5.3E+01 NA 1.2E-03 4.9E-05 1.0E-04 1.0E-05 8.2E-04
Sub-Total 77.95 2.79E+03 1.05E+04 4.67E-02 1.87E-01 2.08E-02 6.94E-05 9.18E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 1.75 2.2E+01 NA 6.5E-04 2.3E-05 1.3E-04 3.6E-05 2.9E-03
Transportation-Equipment 3.59 4.7E+01 NA 1.1E-03 2.0E-05 1.0E-04 8.9E-06 7.2E-04
Equipment Use and Misc 32.78 2.6E+03 1.5E+05 1.3E-04 4.8E-02 4.1E-03 0.0E+00 0.0E+00
Residual Handling 0.18 2.3E+00 NA 5.5E-05 9.8E-07 4.9E-06 7.8E-07 6.3E-05
Sub-Total 38.30 2.71E+03 1.48E+05 1.96E-03 4.83E-02 4.31E-03 4.55E-05 3.67E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA
Transportation-Personnel 8.57 1.1E+02 NA 3.2E-03 1.1E-04 6.4E-04 1.8E-04 1.4E-02
Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Equipment Use and Misc 115.58 1.7E+03 0.0E+00 4.0E-01 2.7E-01 1.0E-02 0.0E+00 0.0E+00
Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Sub-Total 124.15 1.83E+03 0.00E+00 4.03E-01 2.67E-01 1.08E-02 1.76E-04 1.41E-02

2.4E+02 7.3E+03 1.6E+05 4.5E-01 5.0E-01 3.6E-02 2.9E-04 2.7E-02

Non-Hazardous 
Waste Landfill 

Space

Hazardous Waste 
Landfill Space

Topsoil 
Consumption Costing

tons tons cubic yards $
Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 
Construction 0.0E+00 0.0E+00 0.0E+00 0 7.3E-02

Remedial Action 
Operations 0.0E+00 0.0E+00 0.0E+00 0 2.9E-02

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 1.1E-01
Total 0.0E+00 0.0E+00 0.0E+00 $0 2.2E-01
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Remedial Alternative 
Phase

Total

$0

Activities Accident Risk 
Fatality Accident Risk Injury

Lost Hours - Injury Total Cost with 
Footprint Reduction 
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.01% 
0.01% 

99.95% 

0.03% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

43% 

12% 

30% 

15% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.53% 
0.43% 

98.55% 

0.48% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

26% 

7% 

58% 

9% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 1.16% 

2.18% 

94.01% 

2.66% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
1% 

1% 

96% 

2% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
2% 

4% 

89% 

5% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment
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100% 
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Water Consumption 
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Equipment Use and Misc Residual Handling
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Equipment Use and Misc Residual Handling
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2.33% 
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0.11% 

PM10 Emissions 
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Equipment Use and Misc Residual Handling

0% 

79% 

19% 

0% 
2% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

33.08% 

57.53% 

6.57% 
2.82% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 1% 

2% 

97% 

0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

5% 

9% 
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0% 

GHG Emissions 
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PM10 Emissions 
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0% 
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0% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment
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0.00% 0.79% 
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99.21% 

0.00% 

NOx Emissions 
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Equipment Use and Misc Residual Handling

0% 

6% 

0% 

94% 

0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
7% 

0% 

93% 

0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000
RAC Injection wells PVC 720 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb.lft 720                 lft 1.17 0.59 1.41E-03 6.82E-03 0.00E+00 2.28E-03 3.29E-04 21.43 1.24
RAC Injection wells PVC 340 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb/lft 340                 lft 0.55 0.28 6.66E-04 3.22E-03 0.00E+00 1.08E-03 1.55E-04 10.12 0.58
RAC Replenishment wells PVC 90 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft 90                   lft 0.15 0.07 1.76E-04 8.52E-04 0.00E+00 2.85E-04 4.11E-05 2.68 0.15
RAC Well Installation, overburden PVC Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft 150                 lft 0.24 0.12 2.94E-04 1.42E-03 0.00E+00 4.75E-04 6.86E-05 4.47 0.26
RAC Well Installation, bedrock PVC Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft 50                   lft 0.08 0.04 9.80E-05 4.73E-04 0.00E+00 1.58E-04 2.29E-05 1.49 0.09
RAC Equipment Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47            lbs 1.56 0.83 1.97E-03 6.04E-03 0.00E+00 3.49E-03 5.08E-04 9.17 0.25
RAC Equipment Decon Pad Wood Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3 441.16            lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
RAC Material Handling pad HDPE assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3 2,918.63         lbs 6.51 3.44 8.21E-03 2.51E-02 0.00E+00 1.46E-02 2.12E-03 38.19 1.05
RAC Material Handling pad Gravel Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3 237,540.44     lbs 1.83 1.83 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 43.65 0.00
RAC Injection well heads Steel 4 units, assume steel, 50 lb per unit 200                 lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18
RAC sodium lactate Vegetable Oil Assume vegetable oil 2,475              lbs 0.37 0.37 2.59E-08 0.00E+00 0.00E+00 3.68E-04 1.46E-07 12.89 1.12
RAC Sodium bicarbonate Soda Ash Assume soda ash 2,970              lbs 2.71 2.71 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 32.67 0.64
RAC Injection well heads Steel 4 units, assume steel, 50 lb per unit 200                 lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18
RAC sodium lactate Vegetable Oil Assume vegetable oil 97                   lbs 0.01 0.01 1.02E-09 0.00E+00 0.00E+00 1.44E-05 5.72E-09 0.51 0.04
RAC Sodium bicarbonate Soda Ash Assume soda ash 116                 lbs 0.11 0.11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.28 0.02
RAC mulch Mulch 83 cy, density 620 kg/m3, 148,380          lbs 46.89 16.42 9.49E-02 5.05E-02 2.79E-05 1.60E-01 1.21E-02 530.80 0.00
RAC Sand Sand 83 cy, density 1602 kg/m3 383,394          lbs 0.87 0.87 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 23.48 0.00

RAC Replenishment well heads Steel Assume steel, 50 lb per unit, 4  units 200                 lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18
RAC Seeding, mulch Mulch 15 msf, assume mulch assume 50 lb per msf 750                 lbs 0.24 0.08 4.80E-04 2.55E-04 1.41E-07 8.10E-04 6.12E-05 2.68 0.00
RAC Seeding, fertilizer Fertilizer 15 msf, assume fertilizer, assume 20 lb per msf 300                 lbs 0.37 0.37 4.93E-10 0.00E+00 0.00E+00 1.36E-04 2.73E-07 6.78 0.14
RAC Protective Casing General Concrete 10 handholes 2' by 2' by 3', assume weight 85 lb, assume concrete 850                 lbs 0.05 0.05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.49 0.00

RAC
Protective Casing, steel 
cover Steel 10 covers, assume steel, assum 30 lb per cover 300                 lbs 0.38 0.37 4.08E-05 1.09E-04 8.16E-07 3.13E-04 0.00E+00 6.33 0.27

RAO Equipment Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, year 1 and 3 1,400.94         lbs 3.13 1.65 3.94E-03 1.21E-02 0.00E+00 6.99E-03 1.02E-03 18.33 0.50

RAO Equipment Decon Pad Wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, year 1 and 
3 882.31            lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01

RAO EOS Vegetable Oil
0.5 drum assume vegetable oil, 55 gal per drum, assume density 1310.8 
kg/m3, year 1 and 3 601.65            lbs 0.09 0.09 6.30E-09 0.00E+00 0.00E+00 8.95E-05 3.55E-08 3.13 0.27

RAO Equipment Decon Pad HDPE
assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, years 
5,10,15,20,25, and 30 4,202.83         lbs 9.38 4.96 1.18E-02 3.62E-02 0.00E+00 2.10E-02 3.05E-03 55.00 1.51

RAO Equipment Decon Pad wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 kg/m3, years 
5,10,15,20,25, and 30 2,646.94         lbs 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.02

RAO EOS Vegetable Oil
37 drum assume vegetable oil, years 5,10,15,20,25, and 30, years 
5,10,15,20,25, and 30 133,566.51     lbs 19.99 19.99 1.40E-06 0.00E+00 0.00E+00 1.99E-02 7.87E-06 695.44 60.33

Subtotal 97.50 56.03 1.24E-01 1.43E-01 3.05E-05 2.33E-01 1.95E-02 1,533.72 69.04

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

Criteria Pollutant Emission Energy 
Consumption

Water 
Consumption

Greenhouse Gas Emissions

Tonnes

Technology Module / 
Phase Module Components Comments / Assumptions Quantity (Units)

Construction Equipment MWhr gal x 1000

RAC
manual fence post auger, 
gas

Power Auger, 2 stroke, 
1<HP<= 3, gas 5 days, 8 hours per day, 80% utilization 32 hrs 0.06 0.06 0.00E+00 0.00E+00 1.19E-04 1.25E-05 4.33E-04 0.15

RAC earth auger truck mounted
Power Auger, 2 stroke, 
1<HP<= 3, gas 1 day, 8 hours per day, 80% utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.37E-05 2.50E-06 8.65E-05 0.03

RAC brush chipper, 120 hp WOOD CHIPPER 3 day, 8 hours per day, 80% utilization 19.2 hrs 0.84 0.84 0.00E+00 0.00E+00 6.56E-03 0.00E+00 5.54E-04 3.67

RAC Loader, 3CY
Loader, 155 HP, 3 CY 
(diesel) 3 day, 8 hours per day, 80% utilization 19.2 hrs 0.39 0.39 0.00 0.00 3.58E-03 7.29E-04 4.51E-04 1.64

RAC Chain saw (2) 36 in long, gas
Chainsaw, gasoline, 
3<hp<=6, 2 stroke 3 day, 8 hours per day, 80% utilization 19.2 hrs 0.04 0.04 0.00E+00 0.00E+00 6.96E-05 0.00E+00 5.13E-04 0.18

RAC DPT, Drill Drill Rig, DPT (diesel) 42 wells, 5 wells per day, 8 hours per day, 80% utilization 53.76 hrs 0.86 0.84 0.00 9.84E-04 9.05E-03 1.81E-04 9.01E-04 6.57
RAC DPT Drill Drill Rig, DPT (diesel) 9 wells, 5 wells per day, 8 hours per day, 80% utilization 11.52 hrs 0.18 0.18 0.00 2.11E-04 1.94E-03 3.88E-05 1.93E-04 1.41
RAC trencher, big Trencher, 300 HP (diesel) 100 ft per day, 150 ft, 8 hours per day, 80% utilization 9.6 hrs 0.76 0.76 0.00E+00 7.46E-06 6.44E-03 1.63E-04 4.36E-04 8.45

RAC
Front end loader (2) 270 hp, 
5 1/4 to 5 3/4 CY

Loader, 270 HP, 5.25 CY 
(diesel) 2 days, 8 hours per day, 80% utilization 25.6 hrs 0.83 0.83 0.00 0.00 7.55E-03 1.57E-03 9.08E-04 3.02

RAC DPT, Drill Drill Rig, DPT (diesel) 11 wells, 5 wells per day, 8 hours per day, 80% utilization 14.08 hrs 0.23 0.22 0.00 2.58E-04 2.37E-03 4.74E-05 2.36E-04 1.72
RAC DPT, Drill Drill Rig, DPT (diesel) 5 wells per day, 10 wells, 8 hours per day, 80%utilization 12.8 hrs 0.21 0.20 0.00 2.34E-04 2.15E-03 4.31E-05 2.15E-04 1.56
RAC Truck tractor, 220 hp Tractor, 250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.4 hrs 0.48 0.48 0.00E+00 0.00E+00 4.00E-03 0.00E+00 3.02E-04 1.72

Subtotal 4.88 4.84 0.00E+00 1.69E-03 4.38E-02 2.79E-03 5.23E-03 30.13 0
Total 102 61 0.12 0.15 0.04 0.24 0.02 1,564 69

Alternative 1
Values Input into SiteWise as "Other"

Energy 
Consumption

Water 
Consumption

CO2e CO2
N20 

(CO2e)
CH4 

(CO2e)
NOx SOx PM10

Tonnes MMBTU gal
-         -       -          -          -          -          -          -                 -                  

69.75      34.14   33.57       2.03         0.04         0.19         0.02         2,701.97        6,393.12         
32.62      26.72   4.88         1.01         -          0.05         0.00         2,633.87        62,644.68       

-         -       -          -          -          -          -          -                 -                  
Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO
LTM

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Tonnes
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Sustainable Remediation - Environmental Footprint Summary

G-5A

GHG Emissions Total energy Used
Water 

Consumption
NOx emissions SOx Emissions PM10 Emissions

metric ton MMBTU gallons metric ton metric ton metric ton

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 0.00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 0.00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 1.47 1.8E+01 NA 5.4E-04 1.9E-05 1.1E-04 3.0E-05 2.4E-03

Transportation-Equipment 4.12 5.4E+01 NA 1.3E-03 2.3E-05 1.1E-04 1.0E-05 8.4E-04

Equipment Use and Misc 112.09 4.3E+03 1.1E+04 6.1E-02 3.3E-01 3.3E-02 2.5E-05 6.4E-03

Residual Handling 3.95 5.2E+01 NA 1.2E-03 2.2E-05 1.1E-04 1.0E-05 8.2E-04

Sub-Total 121.62 4.47E+03 1.11E+04 6.37E-02 3.26E-01 3.30E-02 7.59E-05 1.04E-02

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 2.44 3.1E+01 NA 9.0E-04 3.2E-05 1.8E-04 5.0E-05 4.0E-03

Transportation-Equipment 4.91 6.4E+01 NA 1.5E-03 2.7E-05 1.4E-04 1.2E-05 9.8E-04

Equipment Use and Misc 49.59 4.6E+03 2.7E+05 1.8E-04 6.5E-02 4.1E-03 0.0E+00 0.0E+00

Residual Handling 0.18 2.4E+00 NA 5.7E-05 1.0E-06 5.1E-06 7.8E-07 6.3E-05

Sub-Total 57.13 4.72E+03 2.66E+05 2.68E-03 6.51E-02 4.41E-03 6.29E-05 5.06E-03

Consumables 0.00 0.0E+00 NA NA NA NA NA NA

Transportation-Personnel 8.57 1.1E+02 NA 3.2E-03 1.1E-04 6.4E-04 1.8E-04 1.4E-02

Transportation-Equipment 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Equipment Use and Misc 123.83 1.8E+03 0.0E+00 4.3E-01 2.9E-01 1.1E-02 0.0E+00 0.0E+00

Residual Handling 0.00 0.0E+00 NA 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Sub-Total 132.41 1.96E+03 0.00E+00 4.32E-01 2.86E-01 1.15E-02 1.76E-04 1.41E-02

3.1E+02 1.1E+04 2.8E+05 5.0E-01 6.8E-01 4.9E-02 3.1E-04 3.0E-02

Non-Hazardous 

Waste Landfill 

Space

Hazardous Waste 

Landfill Space

Topsoil 

Consumption
Costing

tons tons cubic yards $

Remedial Investigation 0.0E+00 0.0E+00 0.0E+00 0 0.0E+00
Remedial Action 

Construction
0.0E+00 0.0E+00 0.0E+00 0 8.4E-02

Remedial Action 

Operations
0.0E+00 0.0E+00 0.0E+00 0 4.0E-02

Longterm Monitoring 0.0E+00 0.0E+00 0.0E+00 0 1.1E-01

Total 0.0E+00 0.0E+00 0.0E+00 $0 2.4E-01

R
e

m
e

d
ia

l 

In
v

e
s

ti
g

a
ti

o
n

Phase

R
e

m
e

d
ia

l 

A
c

ti
o

n
 

C
o

n
s

tr
u

c
ti

o
n

R
e

m
e

d
ia

l 

A
c

ti
o

n
 

O
p

e
ra

ti
o

n
s

L
o

n
g

te
rm

 

M
o

n
it

o
ri

n
g

Remedial Alternative 

Phase

Total

$0

Activities
Accident Risk 

Fatality

Accident Risk 

Injury

Lost Hours - Injury

Total Cost with 

Footprint 

Reduction 
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.01% 

0.01% 

99.98% 

0.01% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

40% 

14% 

33% 

13% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.33% 

0.35% 

98.98% 

0.34% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

23% 

8% 

61% 

8% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.85% 

2.03% 

95.17% 

1.95% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
1% 

1% 

97% 

1% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 
1% 

4% 

92% 

3% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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0% 0% 

0% 

100% 

0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.05% 

0.04% 

99.91% 

0.00% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

80% 

19% 

0% 
1% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 4.15% 

3.12% 

92.61% 

0.12% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

80% 

19% 

0% 
1% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

33.62% 

57.54% 

6.70% 

2.13% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.65% 

1.36% 

97.94% 

0.05% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 

4.27% 

8.60% 

86.81% 

0.32% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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0% 0% 

0% 

0% 
0% 

Water Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.04% 

0.00% 

99.96% 

0.00% 

SOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Fatality 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 5.59% 

0.00% 

94.41% 

0.00% 

PM10 Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

100% 

0% 

0% 
0% 

Accident Risk - Injury 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0.00% 0.73% 

0.00% 

99.27% 

0.00% 

NOx Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 6% 

0% 

94% 

0% 

Energy Consumption 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling

0% 

6% 

0% 

94% 

0% 

GHG Emissions 

Consumables Transportation-Personnel Transportation-Equipment

Equipment Use and Misc Residual Handling
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CO2e CO2 N20 CH4 NOx SOx PM10

Stage Materials MWhr gal x 1000

RAC Injection wells PVC 720 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb.lft 720             lft 1.17 0.59 1.41E-03 6.82E-03 0.00E+00 2.28E-03 3.29E-04 21.43 1.24
RAC Injection wells PVC 340 lf, Assume PVC, 2 inc diameter, Schedule 40, 0.72 lb/lft 340             lft 0.55 0.28 6.66E-04 3.22E-03 0.00E+00 1.08E-03 1.55E-04 10.12 0.58

RAC Replenishment wells PVC 165 lf, Assume PVC, 2 in diameter, schedule 40, 0.72 lb/lft 165             lft 0.27 0.13 3.23E-04 1.56E-03 0.00E+00 5.23E-04 7.54E-05 4.91 0.28

RAC
Well Installation, 
overburden PVC Assume PVC, 2 in Diameter, Schedule 40, 150 lf, 0.72 lb/ft 150             lft 0.24 0.12 2.94E-04 1.42E-03 0.00E+00 4.75E-04 6.86E-05 4.47 0.26

RAC
Well Installation, 
bedrock PVC Assume PVC, 2 in Diameter, Schedule 40, 50 lf, 0.72 lb/ft 50               lft 0.08 0.04 9.80E-05 4.73E-04 0.00E+00 1.58E-04 2.29E-05 1.49 0.09

RAC Equipment Decon Pad HDPE assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3 700.47        lbs 1.56 0.83 1.97E-03 6.04E-03 0.00E+00 3.49E-03 5.08E-04 9.17 0.25

RAC Equipment Decon Pad Wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 
kg/m3 441.16        lbs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

RAC Material Handling pad HDPE assume HDPE, Assume 100ftx50ft, 3 mm thick, 0.95 g/cm3 2,918.63     lbs 6.51 3.44 8.21E-03 2.51E-02 0.00E+00 1.46E-02 2.12E-03 38.19 1.05

RAC Material Handling pad Gravel Assume 6 inches gravel, 50ftx100ft, 1522 kg/m3 237,540.44 lbs 1.83 1.83 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 43.65 0.00

RAC Injection well heads Steel 4 units, assume steel, 50 lb per unit 200             lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18

RAC sodium lactate Vegetable Oil Assume vegetable oil 2,475          lbs 0.37 0.37 2.59E-08 0.00E+00 0.00E+00 3.68E-04 1.46E-07 12.89 1.12

RAC Sodium bicarbonate Soda Ash Assume soda ash 2,970          lbs 2.71 2.71 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 32.67 0.64

RAC Injection well heads Steel 4 units, assume steel, 50 lb per unit 200             lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18

RAC sodium lactate Vegetable Oil Assume vegetable oil 97               lbs 0.01 0.01 1.02E-09 0.00E+00 0.00E+00 1.44E-05 5.72E-09 0.51 0.04

RAC Sodium bicarbonate Soda Ash Assume soda ash 116             lbs 0.11 0.11 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.28 0.02

RAC mulch Mulch 153 cy, density 620 kg/m3, 273,519      lbs 86.44 30.27 1.75E-01 9.30E-02 5.15E-05 2.95E-01 2.23E-02 978.46 0.00

RAC Sand Sand 153 cy, density 1602 kg/m3 706,738      lbs 1.60 1.60 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 43.29 0.00

RAC
Replenishment well 
heads Steel Assume steel, 50 lb per unit, 4  units 200             lbs 0.25 0.24 2.72E-05 7.26E-05 5.44E-07 2.09E-04 0.00E+00 4.22 0.18

RAC Seeding, mulch Mulch 15 msf, assume mulch assume 50 lb per msf 750             lbs 0.24 0.08 4.80E-04 2.55E-04 1.41E-07 8.10E-04 6.12E-05 2.68 0.00
RAC Seeding, fertilizer Fertilizer 15 msf, assume fertilizer, assume 20 lb per msf 300             lbs 0.37 0.37 4.93E-10 0.00E+00 0.00E+00 1.36E-04 2.73E-07 6.78 0.14

RAC Protective Casing General Concrete
10 handholes 2' by 2' by 3', assume weight 85 lb, assume 
concrete 850             lbs 0.05 0.05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.49 0.00

RAC
Protective Casing, steel 
cover Steel 10 covers, assume steel, assum 30 lb per cover 300             lbs 0.38 0.37 4.08E-05 1.09E-04 8.16E-07 3.13E-04 0.00E+00 6.33 0.27

RAO Equipment Decon Pad HDPE
assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, 
year 1 and 3 1,400.94     lbs 3.13 1.65 3.94E-03 1.21E-02 0.00E+00 6.99E-03 1.02E-03 18.33 0.50

RAO Equipment Decon Pad Wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 
kg/m3, year 1 and 3 882.31        lbs 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01

RAO EOS Vegetable Oil
0.5 drum assume vegetable oil, 55 gal per drum, assume 
density 1310.8 kg/m3, year 1 and 3 601.65        lbs 0.09 0.09 6.30E-09 0.00E+00 0.00E+00 8.95E-05 3.55E-08 3.13 0.27

RAO Equipment Decon Pad HDPE
assume HDPE, Assume 30ftx40ft, 3 mm thick, 0.95 g/cm3, 
years 5,10,15,20,25, and 30 4,202.83     lbs 9.38 4.96 1.18E-02 3.62E-02 0.00E+00 2.10E-02 3.05E-03 55.00 1.51

RAO Equipment Decon Pad wood
Assume wood, 4x4 in, 120 ft of timber, density for pine 530 
kg/m3, years 5,10,15,20,25, and 30 2,646.94     lbs 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.02

RAO EOS Vegetable Oil
68 drum assume vegetable oil, years 5,10,15,20,25, and 30, 
years 5,10,15,20,25, and 30 245,473.59 lbs 36.74 36.74 2.57E-06 0.00E+00 0.00E+00 3.65E-02 1.45E-05 1,278.10 110.88

Subtotal 154.65 87.42 2.04E-01 1.87E-01 5.41E-05 3.85E-01 2.97E-02 2,586.08 119.72

Criteria Pollutant Emission Energy 

Consumptio

n

Water 

Consumptio

n

Greenhouse Gas Emissions

Tonnes

Technology Module / 

Phase Module Components Comments / Assumptions Quantity (Units)
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CO2e CO2 N20 CH4 NOx SOx PM10

Criteria Pollutant Emission Energy 

Consumptio

n

Water 

Consumptio

n

Greenhouse Gas EmissionsTechnology Module / 

Phase Module Components Comments / Assumptions Quantity (Units)

Stage Construction Equipment MWhr gal x 1000

RAC
manual fence post 
auger, gas

Power Auger, 2 stroke, 
1<HP<= 3, gas 5 days, 8 hours per day, 80% utilization 32 hrs 0.06 0.06 0.00E+00 0.00E+00 1.19E-04 1.25E-05 4.33E-04 0.15

RAC
earth auger truck 
mounted

Power Auger, 2 stroke, 
1<HP<= 3, gas 1 day, 8 hours per day, 80% utilization 6.4 hrs 0.01 0.01 0.00E+00 0.00E+00 2.37E-05 2.50E-06 8.65E-05 0.03

RAC brush chipper, 120 hp WOOD CHIPPER 3 day, 8 hours per day, 80% utilization 19.2 hrs 0.84 0.84 0.00E+00 0.00E+00 6.56E-03 0.00E+00 5.54E-04 3.67

RAC Loader, 3CY
Loader, 155 HP, 3 CY 
(diesel) 3 day, 8 hours per day, 80% utilization 19.2 hrs 0.39 0.39 0.00 0.00 3.58E-03 7.29E-04 4.51E-04 1.64

RAC
Chain saw (2) 36 in long, 
gas

Chainsaw, gasoline, 
3<hp<=6, 2 stroke 3 day, 8 hours per day, 80% utilization 19.2 hrs 0.04 0.04 0.00E+00 0.00E+00 6.96E-05 0.00E+00 5.13E-04 0.18

RAC DPT, Drill Drill Rig, DPT (diesel) 42 wells, 5 wells per day, 8 hours per day, 80% utilization 53.76 hrs 0.86 0.84 0.00 9.84E-04 9.05E-03 1.81E-04 9.01E-04 6.57
RAC DPT Drill Drill Rig, DPT (diesel) 9 wells, 5 wells per day, 8 hours per day, 80% utilization 11.52 hrs 0.18 0.18 0.00 2.11E-04 1.94E-03 3.88E-05 1.93E-04 1.41

RAC trencher, big
Trencher, 300 HP 
(diesel) 100 ft per day, 275 ft, 8 hours per day, 80% utilization 17.6 hrs 1.39 1.39 0.00E+00 1.37E-05 1.18E-02 2.99E-04 7.99E-04 15.49

RAC
Front end loader (2) 270 
hp, 5 1/4 to 5 3/4 CY

Loader, 270 HP, 5.25 
CY (diesel) 5 days, 8 hours per day, 80% utilization 64 hrs 2.07 2.07 0.00 0.00 1.89E-02 3.92E-03 2.27E-03 7.56

RAC DPT, Drill Drill Rig, DPT (diesel) 11 wells, 5 wells per day, 8 hours per day, 80% utilization 14.08 hrs 0.23 0.22 0.00 2.58E-04 2.37E-03 4.74E-05 2.36E-04 1.72
RAC DPT, Drill Drill Rig, DPT (diesel) 5 wells per day, 10 wells, 8 hours per day, 80%utilization 12.8 hrs 0.21 0.20 0.00 2.34E-04 2.15E-03 4.31E-05 2.15E-04 1.56

RAC Truck tractor, 220 hp Tractor, 250 hp, diesel 1 day, 8 hours per day, 80% utilization 6.4 hrs 0.48 0.48 0.00E+00 0.00E+00 4.00E-03 0.00E+00 3.02E-04 1.72
Subtotal 6.76 6.72 0.00E+00 1.70E-03 6.05E-02 5.27E-03 6.95E-03 41.70 0

Total 161 94 0.20 0.19 0.06 0.39 0.04 2,628 120

Alternative 1
Values Input into SiteWise as "Other"

Energy 

Consumptio

n

Water 

Consumptio

n

CO2e CO2

N20 

(CO2e)

CH4 

(CO2e)
NOx SOx PM10

Tonnes MMBTU gal
-        -      -         -         -         -         -         -               -               

112.03  50.66  58.43     2.94       0.06       0.33       0.03       4,344.08      6,522.07      
49.37    43.47  4.89       1.01       -         0.06       0.00       4,621.91      113,195.06  

-        -      -         -         -         -         -         -               -               

Note:  1 MWhr = 3412141.4799 BTU, 1MMTBU = 10^6 BTU

RI
RAC
RAO

LTM

Module

Greenhouse Gas Emissions Criteria Pollutant Emission

Tonnes
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BIOCHLOR MODEL
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Appendix F 
 

SRA Feasibility Study 
Former NAS South Weymouth 
Natural Attenuation Modeling 

BIOCHLOR 2.2 Modeling 
 
Predictive modeling was conducted as part of this Feasibility Study to evaluate the time for overburden 
groundwater to achieve the PRGs.  The PRGs were calculated for the following future use exposure 
scenarios associated with groundwater: vapor intrusion (recreational use of the land), vapor intrusion 
(commercial use of the land), and construction worker exposure.  The PRGs used during modeling are 
the most conservative (lowest) of these three calculated PRGs.    
   
The time to achieve PRGs via natural attenuation alone was predicted.  The time to achieve PRGs 
following treatment of a portion of the existing plume, followed by natural attenuation was also predicted.   
 
The concentrations of PCE, TCE, cis-1,2 DCE and vinyl chloride are currently below the PRGs for 
bedrock groundwater.  In order to determine the usefulness of on-site institutional controls in minimizing 
the chance of exposure to bedrock groundwater, an estimate of the extent that the bedrock plume will 
travel was performed.  The objective of the bedrock groundwater  modeling was to  estimate how far the 
bedrock plume would travel  prior to natural attenuation reducing the concentrations of the contaminants 
to EPAs MCLs.   
 
The modeling was performed using BIOCHLOR Version 2.2, a screening level model that can simulate 
one-dimensional advection, three dimensional dispersion, linear adsorption, and biotransformation via 
reductive dechlorination. Reductive dechlorination is assumed to occur under anaerobic conditions.  The 
degradation of dissolved PCE, TCE, cis-1,2 DCE and VC are assumed to follow a first-order decay 
process. 
 
Model Development 
 
Two models were developed, a model of the overburden plume and a model of the bedrock plume. A 
groundwater flowpath through the center of each plume was modeled, from locations with the highest 
concentrations to the East Mat Ditch, for overburden model, and beyond the East Mat Ditch, for the 
bedrock model.   Based upon a comparison of current and historical data, both the overburden and the 
bedrock models were set up with a centerline that extends from a presumed source area 10-feet north of 
monitoring well CH-GW108-07.   
 
Model Calibration 
 
Model inputs include:  release date, initial source area concentration, source zone width and thickness, 
soil density, fraction organic carbon, constituent partition coefficients, aquifer hydraulic conductivity, 
hydraulic gradient, effective porosity, longitudinal dispersivity, source area decay coefficient, and 
constituent half-life (biological decay rate).   
 
The release was assumed to be of PCE only and not a mixture of compounds.  The concentration of PCE 
in the overburden and bedrock groundwater at the time of the release was taken to be near the maximum 
solubility of PCE (200 mg/L) in water and varied during the course of model calibration.  The final 
calibrated initial concentration was 180 mg/L.   
 
The retardation factor for the overburden and bedrock models were calculated using the models default 
partition coefficients and the estimated soil bulk density and effective porosity.   
 
The time of the release was estimated from the historical information regarding the use of the site and 
surrounding buildings, particularly the Former Hobby Shop (Building 95), upgradient of the site.  At 
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Building 95, vehicular maintenance and repairs were historically performed.  Building 95 was reportedly 
constructed in the 1960’s so the date of release was assumed to be sometime after 1965.  The date of 
release was then varied during model calibration in order to achieve calibration.   The final calibrated date 
of release was 1978.      
 
The source area decay rates were also estimated by model calibration, as the time-series data in source 
area wells are not sufficient to estimate using observed concentration trends through time.  The PCE 
source area decay rate was conservatively estimated from the calibration to be 0.013 per year.   
 
The half-lives estimated using model calibration were 3.8 years for PCE, 0.5 (bedrock) and 0.8 
(overburden) years for TCE, 0.7 years for DCE, and 0.2 years for vinyl chloride.  These half-lives are 
within the range of published literature values and of the BIOCHLOR user’s manual.   
 
 Overburden Model 
 
The overburden model was set up along a flowpath from the source area (ten feet north of CH-GW108-
07) to the East Mat Ditch at PDB-03.  The model was set up with a centerline model going through 
CH108-MW-01, MW10-400, CH108-MW02 and MW10-303.  The model was calibrated to the 2006 
analytical dataset from these wells.   
 
Instead of inputting hydraulic conductivity and hydraulic gradient, the seepage velocity calculated in the 
Remedial Investigation (31.9 ft/yr) was directly input into the overburden model.  The length of plume was 
taken to be 750 –feet and the longitudinal dispersivity (21.9 ft) was calculated in the model using 
Xu/Eckstein (1995).   
 
Model inputs and the results of the model calibration are shown in the attached screen-shots from 
BIOCHLOR annotated as “Calibration – OB”.  The calibration was compared to the groundwater 2006 
groundwater data and PCE concentrations predicted by the model generally match the observed 
concentrations in each well.  TCE and 1,2-DCE concentrations predicted by the model generally match 
the observed concentrations near the source area and near the East Mat Ditch, but the model over-
predicts concentrations near the center of the plume.   
 
 Bedrock Model 
 
The bedrock model was set up along a flowpath from the source area beyond the East Mat Ditch to the 
edge of the plume.  The centerline model goes through monitoring wells MW10-405D1/D2, MW-302D and 
MW10-411D1/D2.  The model was calibrated using the 2006 data from these wells.   
 
The hydraulic conductivity of these wells was used in the calculation of the seepage velocity along this 
flowpath. The seepage velocity along this flowpath is 153 ft/year which is higher than (average) bedrock 
seepage velocities given in the Remedial Investigation Report.  This is consistent with the conceptual site 
model that indicates a preferential flowpath resulting from the bedrock structure in this general location.  
 
The plume length was taken as 1200 feet and the longitudinal dispersivity was calculated (120 ft) using 
the linear relationship available in BIOCHLOR.  
 
Model inputs and the results of the model calibration are shown in the attached screen-shots from 
BIOCHLOR annotated as “Calibration – BR”.  The calibration was compared to the groundwater 2006 
groundwater data and PCE concentrations predicted by the model generally match the observed 
concentrations in each well.  TCE and 1,2-DCE concentrations predicted by the model generally match 
the observed concentrations near the source area and at the distal part of the plume, but the model over-
predicts concentrations near the center of the plume.    
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Model Predictions 
  
The calibrated models were used to predict the time to achieve a reduction of PCE, TCE, 1,2-DCE and 
VC to PRGs (overburden) and MCLs (bedrock) in two scenarios.  The first scenario was the natural 
attenuation of the plume and the second scenario was treatment of the plume followed by natural 
attenuation.   
 
 Overburden Model 
 

Overburden Run 1 – MNA Only 
 
The initial concentrations for input into the MNA only predictive overburden model are shown below: 
     

Concentrations (ug/L) and Zone Widths 
Zone 1: 
Width: 50 ft 
PCE: 16000 (CH108-MW01)   
TCE: 130 (CH108-MW01)  
cis-1,2-DCE: 785 (CH108-MW01) 
VC: 3.3 (CH108-MW01) 
 
Zone 2: 
Width: 150 ft 
PCE:  9200 (MW10-400) 
TCE: 59 (CH108-MW02) 
Cis-1,2-DCE: 210 (CH108-MW02) 
VC:  0.58 (MW10-400) 
 
Zone 3: 
Width: 185 ft 
PCE: 120 (MW10-303) 
TCE: 19 (MW10-303) 
Cis-1,2-DCE: 4.1 (MW10-303) 
VC:  Undetected 

Source of Data 
 
Figure F-1 
2007 data 
2006 data 
2007 data 
2006 data 
 
 
Figure F-1 
2006 data 
2006 data 
2006 data 
2006 data 
 
 
Figure F-1 
2006 data 
2006 data 
2006 data 
2006 data 

 
The input and results are shown as screen shots from the model labeled as “OB-Run 1”.  The results 
indicate that using MNA only, it will take 62 years for PCE to attenuate to below the PRG of 0.220 mg/L 
and 68 years for TCE to attenuate to below the PRG of 0.018 mg/L.  Concentrations of 1,2-DCE and VC 
are currently below their respective PRGs.   
 
  Overburden Run 2 – Treatment followed by MNA 
 
To predict the time to achieve PRGs after treatment followed by MNA it was assumed that the 
concentrations of contaminants inside zone 1 (the >10 mg/L PCE contour) was reduced.  It was assumed 
that the concentration reduction that will be achieved is a one order of magnitude reduction in PCE, TCE, 
cis-1,2-DCE and VC.  No reduction in concentration was modeled in Zones 2 and 3.  The resulting initial 
concentrations used as input for this predictive model are shown below:   
 

 Concentrations (ug/L) and Zone widths 
Zone 1: 
Width: 50 ft 
PCE: 1600  ug/L  
TCE: 13 ug/L 
cis-1,2-DCE: 79 ug/L 
VC:  0.33 ug/L 
 

Source 
Figure F-1 
 
0.1 *16000 ug/L 
0.1*130 ug/L 
0.1* 785ug/L 
0.1*3.3ug/L 
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Zone 2: 
Width: 150 ft 
PCE:  9200 ug/L (MW10-400) 
TCE: 59 ug/L (CH108-MW02) 
Cis-1,2-DCE: 210 ug/L (CH108-MW02) 
VC:  0.58 ug/L (MW10-400) 
 
Zone 3: 
Width: 185 ft 
PCE: 120 ug/L (MW10-303) 
TCE: 19 ug/L (MW10-303) 
Cis-1,2-DCE: 4.1 ug/L (MW10-303) 
VC:  non-detect 

 
Figure F-1 
2006 data 
2006 data 
2006 data 
2006 data 
 
 
Figure F-1 
2006 data 
2006 data 
2006 data 
2006 data 

 
The input and results are shown as screen shots from the model labeled as “OB-Run 2”.  The results 
indicate that using treatment followed by MNA, it will take 40 years for PCE to attenuate to below the 
PRG of 0.220 mg/L and 55 years for TCE to attenuate to below the PRG of 0.018 mg/L.  Concentrations 
of 1,2-DCE and VC are currently below their respective PRGs. 
 

Bedrock Model 
 

Bedrock Run 1 – MNA Only 
 

The initial concentrations for input into the MNA only predictive bedrock model are shown below: 
 
  

Concentrations (ug/L) and Zone Widths 
Zone 1: 
Width: 215 ft 
PCE: 5600  (MW10-405D2) 
TCE: 40 (MW10-405D1) 
cis-1,2-DCE: 170 (MW10-405D2) 
VC: 0.19 (MW20-503) 
 
Zone 2: 
Width: 275 ft 
PCE:  110 (MW10-404) 
TCE: 3.1 (MW10-404) 
Cis-1,2-DCE: 6.9 (MW10-404) 
 
Zone 3: 
Width: 385 ft 
PCE: 6.3 (MW10-411D2) 
TCE: 0.21 (MW10-304D) 
Cis-1,2-DCE: Undetected 

Source 
 
Figure F-2 
2007 data 
2007 data 
2007 data 
2009 data 
 
 
Figure F-2 
2006 data 
2006 data 
2006 data 
 
 
Figure F-2 
2006 data 
2006 data 
2006 data 

 
The input and results are shown as screen shots from the model labeled as “BR-Run 1”.  The results 
indicate that using treatment followed by MNA, it will take 545 years for PCE to attenuate to below the 
MCL of 0.005 mg/L.  TCE, 1,2-DCE and VC will attenuate to below their respective MCLs in less than 545 
years.  Within this time frame, the prediction is that the bedrock plume would travel approximately 5600 
feet, and would not reach the NAS Weymouth property boundary before attenuation to the MCLs for PCE, 
TCE, 1,2-DCE, and VC.   
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  Bedrock Run 2 – Treatment followed by MNA 
 
  To predict the time to achieve MCLs when treatment is followed by MNA it was assumed that the 
concentrations of contaminants inside zone 1 (the >1 mg/L PCE contour) was reduced.  It was assumed 
that the concentration reduction that is achieved is a one order of magnitude reduction in PCE, TCE, cis-
1,2-DCE and VC.  No reduction in concentration was modeled in Zones 2 and 3.  The resulting initial 
concentrations used as input for this predictive model are shown below:   
 

 Concentrations (ug/L) and Zone Widths 
Zone 1: 
Width: 50 ft 
PCE: 560  ug/L  
TCE: 4 ug/L 
cis-1,2-DCE: 17 ug/L 
VC:  0.019 ug/L 
 
Zone 2: 
Width: 150 ft 
PCE:  9200 ug/L (MW10-400) 
TCE: 59 ug/L (CH108-MW02) 
Cis-1,2-DCE: 210 ug/L (CH108-MW02) 
VC:  0.58 ug/L (MW10-400) 
 
Zone 3: 
Width: 185 ft 
PCE: 120 ug/L (MW10-303) 
TCE: 19 ug/L (MW10-303) 
Cis-1,2-DCE: 4.1 ug/L (MW10-303) 
VC:  non-detect 

Source 
Figure F-2 
 
0.1 *5600 ug/L 
0.1*140 ug/L 
0.1* 170 ug/L 
0.1*0.19 ug/L 
 
 
Figure F-2 
2006 data 
2006 data 
2006 data 
2006 data 
 
 
Figure F-2 
2006 data 
2006 data 
2006 data 
2006 data 

 
The input and results are shown as screen shots from the model labeled as “BR-Run 2”.  The results 
indicate that using treatment followed by MNA, it will take 366 years for PCE to attenuate to below the 
MCL of 0.005 mg/L.  TCE will attenuate to below its MCL in 129 years and the initial treatment would 
have decreased the 1,2-DCE and VC concentrations to below their respective MCLs.  In this scenario, the 
prediction is that the bedrock plume would travel approximately 4200 feet and would not reach the NAS 
Weymouth property boundary before attenuation to the MCLs for PCE, TCE, 1,2-DCE, and VC.   
 
  Alternative G-5A 
 
Alternative G-5A includes enhanced bioremediation in the source zone and two permeable reactive 
barriers (PRBs), one approximately 100 feet north of the East Mat Ditch (EMD) and one approximately 
325 feet south of the source zone.   The Biochlor runs were analyzed to determine the affect the addition 
of the upgradient (northern) PRB has on the predicted time to reach PRGs.  The existing Biochlor run that 
simulates source zone reduction followed by monitored natural attenuation (MNA) was used to evaluate 
what affect the addition of the upgradient PRB would have on the time to reach PRGs in overburden 
groundwater.  As part of this analysis the plume length was varied in the predictive model in order to 
show with greater precision the variation of trichloroethylene (TCE) concentrations with distance from the 
source.  It was observed that varying the plume length did not change the predicted concentrations at 
various distances from the source, nor did it change the predicted time to cleanup. 
     
TCE is the constituent that is predicted to take the longest to attenuate following remediation of the 
source area.  As discussed in Appendix H, it is predicted to take TCE 55 years to be reduced below its 
PRG of 18 micrograms per liter (µg/L).  The predicted TCE concentrations along the centerline of the 
plume are depicted on Figure 1. 
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In this analysis, the source zone reduction followed by MNA prediction was used to estimate the time for 
the concentration of TCE entering the upgradient PRB to be at the PRG of 18 µg/L.  As depicted on 
Figure 2, this time is predicted to be 52 years.  However, it was observed that the maximum concentration 
of TCE in the plume at 52 years is 21 µg/L, above TCE's PRG, and is present upgradient of the first PRB, 
at about 200 feet downgradient from the source area.  The output shown on Figure 2 can be compared to 
the 55-year predictive model output, provided as Figure 3, which shows that at 55 years and 200 feet 
downgradient of the source area, the TCE concentration is predicted to be at the PRG. 
     
This analysis indicates that the TCE concentration entering the upgradient PRB would drop below the 
PRG after 52 years (prior to the 55 year estimated time to cleanup).  However, at 52 years the TCE 
concentration upgradient of the PRB still exceeds the PRG and is estimated to do so for 55 years 
following source reduction.  Therefore, based on the Biochlor modeling, the addition of the upgradient 
PRB would not have any effect on the predicted cleanup time. 
   
To estimate the time it would take the contaminant mass between the two PRBs to be flushed through the 
downgradient PRB, the predictive model (source reduction followed by MNA) was used to estimate the 
time it would take the leading edge of the PCE plume to travel the distance between the upgradient and 
downgradient PRBs.  In order to make that estimate, the model was first used to determine that it would 
take the leading edge of the plume (0.001 µg/L PCE) approximately 8 years to reach the upgradient PRB  
(i.e. 325 feet downgradient of the source area) as presented on Figure 4.  It was then shown that it would 
take the leading edge of the PCE plume approximately 16 years to reach to the downgradient PRB (i.e. 
475 feet downgradient of the source area) as presented on Figure 5.  Based on these estimations, it 
would take about 8 years for the PCE in the area between the two PRBs to be completely flushed 
through.    
 
 
 
 







































































APPENDIX G

COST ESTIMATES



ALTERNATIVE G-1



7/6/2012 10:48 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-1: No Action
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1  PROJECT PLANNING & DOCUMENTS
1.1 Prepare 5-Year Review Plan 100 hr $60.00 $0 $0 $6,000 $0 $6,000

 
Subtotal $0 $0 $6,000 $0 $6,000

Overhead on Labor Cost @ 30% $1,800 $1,800
G & A on Cost @ 10% $0 $0 $600 $0 $600

Tax on Materials and Equipment Cost @ 6.25%  $0 $0 $0

Total Direct Cost $0 $0 $8,400 $0 $8,400

Indirects on Total Direct Cost @ 25%  $2,100
Profit on Total Direct Cost @ 10% $840

Total Field Cost $11,340

Contingency on Total Field Costs @ 0% $0
Engineering on Total Field Costs @ 0% $0

TOTAL CAPITAL COST $11,340

Solvent Release Area
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7/6/2012 10:48 AMNAVAL AIR STATION SOUTH WEYMOUTH

Weymouth, MA

Solvent Release Area

Alternative G-1: No Action

Sampling Cost

Item Cost
Item every 5 years Notes

Site Review $23,000 Five year review reports

Subtotal $23,000

Contingency @ 10% $2,300

TOTAL $25,300
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7/6/2012 10:48 AMNAVAL AIR STATION SOUTH WEYMOUTH

Weymouth, MA

Solvent Release Area

Alternative G-1: No Action

Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $11,340 $11,340 1.000 $11,340
1 $0 0.980 $0
2 $0 0.961 $0
3 $0 0.942 $0
4 $0 0.924 $0
5 $25,300 $25,300 0.906 $22,915
6 $0 0.888 $0
7 $0 0.871 $0
8 $0 0.853 $0
9 $0 0.837 $0

10 $25,300 $25,300 0.820 $20,755
11 $0 0.804 $0
12 $0 0.788 $0
13 $0 0.773 $0
14 $0 0.758 $0
15 $25,300 $25,300 0.743 $18,798
16 $0 0.728 $0
17 $0 0.714 $0
18 $0 0.700 $0
19 $0 0.686 $0
20 $25,300 $25,300 0.673 $17,026
21 $0 0.660 $0
22 $0 0.647 $0
23 $0 0.634 $0
24 $0 0.622 $0
25 $25,300 $25,300 0.610 $15,421
26 $0 0.598 $0
27 $0 0.586 $0
28 $0 0.574 $0
29 $0 0.563 $0
30 $25,300 $25,300 0.552 $13,967

TOTAL PRESENT WORTH $120,223
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ALTERNATIVE G-2



7/6/2012 10:48 AMNAS SOUTH WEYMOUTH
Weymouth, Massachusetts
Solvent Release Area
Alternative G-2: Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 400 hr $60.00 $0 $0 $24,000 $0 $24,000
1.2 Prepare LUC Documents 150 hr $60.00 $0 $0 $9,000 $0 $9,000
2 MONITORING WELLS

2.1 Well Installation, 2" dia (overburden) 150 lf $65.00 $9,750 $0 $0 $0 $9,750
2.2 Well Installation, 2" dia (bedrock) 50 lf $70.00 $3,500 $0 $0 $0 $3,500
2.3 Well Protective Casing 10 ea $150.00 $1,500 $0 $0 $0 $1,500
2.4 IDW Transportation & Disposal 20 drum $150.00 $3,000 $0 $0 $0 $3,000
2.5 Site Superintendent 5 day $166.00 $420.00  $0 $830 $2,100 $0 $2,930
3.0 SITE SUPPORT
3.1 Fence, Chain Link, 8' high 720 lf $38.00 $27,360 $0 $0 $0 $27,360
3.2 Gate, Chain Link, 12' wide 1 ea. $1,725.00 $1,725 $0 $0 $0 $1,725
3.3 Signs on Fence 8 ea. $122.00 $976 $0 $0 $0 $976

 
Subtotal $47,811 $830 $35,100 $0 $83,741

Overhead on Labor Cost @ 30% $10,530 $10,530
G & A on Cost @ 10% $4,781 $83 $3,510 $0 $8,374

Tax on Materials and Equipment Cost @ 6.25%  $52 $0 $52

Total Direct Cost $52,592 $965 $49,140 $0 $102,697

Indirects on Total Direct Cost @ 25%  $25,674
Profit on Total Direct Cost @ 10% $10,270

Total Field Cost $138,641

Contingency on Total Field Costs @ 10% $13,864
Engineering on Total Field Costs @ 20% $27,728

TOTAL CAPITAL COST $180,233
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7/6/2012 10:48 AMNAS SOUTH WEYMOUTH
Weymouth, Massachusetts
Solvent Release Area
Alternative G-2: Monitoring, Engineering Controls, and LUCs
Sampling Cost

Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 - 3 years 4 - 30 every 5 years Notes

Site Inspection $2,350 $2,350 $2,350 One-day visit and report to verify LUC RD

Surface Water & Groundwater 
Sampling

$22,900 $11,450 $5,725 Labor and supplies to collect samples from 23 wells & four 
surface water samples, quarterly year 1, semi-annually 
years 2 & 3, annually years 4-30.

Analysis: Groundwater $22,568 $11,284 $5,642 Analyze groundwater samples for PCE, TCE, Cis-1,2-
DCE, VC, PCP, 3,3-DB, Arsenic, Barium, Iron, and 
Manganese

Analysis: Surface Water $6,160 $3,080 $1,540 Analyze surface water samples for PCE, TCE, Cis-1,2-
DCE, VC, PCB, Iron, & Manganese

Analysis: Sediment $1,344 $672 $336 Analyze sediment samples for Iron and Manganese

 Sampling Report $48,000 $24,000 $12,000

Five Year Site Review $23,000

Subtotal $103,322 $52,836 $27,593 $23,000

Contingency @ 10% $10,332 $5,284 $2,759 $2,300

TOTAL $113,654 $58,120 $30,352 $25,300
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7/6/2012 10:48 AMNAS SOUTH WEYMOUTH
Weymouth, Massachusetts
Solvent Release Area
Alternative G-2: Monitoring, Engineering Controls, and LUCs
Present Worth Analysis

Capital Annual Total Year Annual Discount Rate Present 
Year Cost Cost Cost 2.0% Worth

0 $180,233 $180,233 1.000 $180,233
1 $113,654 $113,654 0.980 $111,426
2 $58,120 $58,120 0.961 $55,863
3 $58,120 $58,120 0.942 $54,767
4 $30,352 $30,352 0.924 $28,041
5 $55,652 $55,652 0.906 $50,406
6 $30,352 $30,352 0.888 $26,952
7 $30,352 $30,352 0.871 $26,424
8 $30,352 $30,352 0.853 $25,905
9 $30,352 $30,352 0.837 $25,397

10 $55,652 $55,652 0.820 $45,654
11 $30,352 $30,352 0.804 $24,411
12 $30,352 $30,352 0.788 $23,933
13 $30,352 $30,352 0.773 $23,463
14 $30,352 $30,352 0.758 $23,003
15 $55,652 $55,652 0.743 $41,350
16 $30,352 $30,352 0.728 $22,110
17 $30,352 $30,352 0.714 $21,676
18 $30,352 $30,352 0.700 $21,251
19 $30,352 $30,352 0.686 $20,835
20 $55,652 $55,652 0.673 $37,452
21 $30,352 $30,352 0.660 $20,026
22 $30,352 $30,352 0.647 $19,633
23 $30,352 $30,352 0.634 $19,248
24 $30,352 $30,352 0.622 $18,871
25 $55,652 $55,652 0.610 $33,922
26 $30,352 $30,352 0.598 $18,138
27 $30,352 $30,352 0.586 $17,782
28 $30,352 $30,352 0.574 $17,434
29 $30,352 $30,352 0.563 $17,092
30 $55,652 $55,652 0.552 $30,724

TOTAL PRESENT WORTH $1,103,423
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ALTERNATIVE G-3



7/6/2012 10:49 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 500 hr $60.00 $0 $0 $30,000 $0 $30,000
1.2 Prepare LTM Plans 300 hr $60.00 $0 $0 $18,000 $0 $18,000
1.3 Prepare LUCs 150 hr $60.00 $0 $0 $9,000 $0 $9,000
1.4 Pilot Study: Mulch Barriers 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 4 ea $183.00 $518.00 $0 $0 $732 $2,072 $2,804
2.3 One-Pass Trencher Mob/Demob 1 ea $50,000.00 $50,000 $0 $0 $0 $50,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 1 mo $360.00 $0 $0 $0 $360 $360
3.2 Field Office Equipment, Utilities, & Support 1 mo $519.00 $0 $519 $0 $0 $519
3.3 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.4 Survey Support 2 day $1,125.00 $2,250 $0 $0 $0 $2,250
3.5 Site Superintendent 20 day $166.00 $420.00  $0 $3,320 $8,400 $0 $11,720
3.6 Site Health & Safety and QA/QC 20 day $166.00 $370.00 $0 $3,320 $7,400 $0 $10,720
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000

4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 SITE PREPARATION
5.1 Clear & Chip Trees 0.25 ac $2,500.00 $1,875.00 $0 $0 $625 $469 $1,094
5.2 Material Handling Pad, 100' by 100' 5,000 sf $5.84 $0.89 $1.34 $0 $29,200 $4,450 $6,700 $40,350
5.3 Fence, Chain Link, 8' high 720 lf $38.00 $27,360 $0 $0 $0 $27,360
5.4 Gate, Chain Link, 12' wide 1 ea $1,725.00 $1,725 $0 $0 $0 $1,725
5.5 Signs on Fence 8 ea $122.00 $976 $0 $0 $0 $976

6 MULCH BARRIERS
6.1 One-Pass Trencher 150 lf $110.00 $220.00 $0 $0 $16,500 $33,000 $49,500
6.2 Front-End Loader, 2 each 4 day $362.80 $933.40 $0 $0 $1,451 $3,734 $5,185
6.3 Equipment Mats 2 day $165.00 $0 $0 $0 $330 $330
6.4 Pumps & Filters 2 day $184.00 $0 $0 $0 $368 $368
6.5 Storage Tank, 15,000 gallon 1 mo $1,560.00 $0 $0 $0 $1,560 $1,560
6.6 Mulch 83 cy $35.15 $0 $2,917 $0 $0 $2,917
6.7 Sand 83 cy $20.00 $0 $1,660 $0 $0 $1,660
6.8 Site Labor (3 laborers) 6 day $274.80 $0 $0 $1,649 $0 $1,649
6.9 Transport & Dispose Excavated Soil, non-hazardous 250 ton $85.00 $21,250 $0 $0 $0 $21,250

6.10 Replenishment Wells, 6 wells 90 lf $55.00 $4,950 $0 $0 $0 $4,950
6.11 Replenishment Wells Heads 6 ea $500.00 $3,000 $0 $0 $0 $3,000

7 MONITORING WELLS
7.1 Well Installation, 2" dia (overburden) 150 lf $65.00 $9,750 $0 $0 $0 $9,750
7.2 Well Installation, 2" dia (bedrock) 50 lf $70.00 $3,500 $0 $0 $0 $3,500
7.3 Well Protective Casing 10 ea $150.00 $1,500 $0 $0 $0 $1,500
7.4 IDW Transportation & Disposal 20 drum $150.00 $3,000 $0 $0 $0 $3,000
8 SITE RESTORATION

8.1 Area Seeding 22 msf $117.00 $2,574 $0 $0 $0 $2,574
9 POST CONSTRUCTION COST

9.1 Contractor Completion Report 300 hr $60.00 $0 $0 $18,000 $0 $18,000
9.2 Remedial Action Closeout Report 250 hr $60.00 $0 $0 $15,000 $0 $15,000

 
Subtotal $192,820 $44,856 $135,452 $55,518 $428,647

Solvent Release Area
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7/6/2012 10:49 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Solvent Release Area

Overhead on Labor Cost @ 30% $40,636 $40,636
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $19,282 $4,486 $13,545 $5,552 $42,865

Tax on Materials and Equipment Cost @ 6.25% $2,804 $3,470 $6,273

Total Direct Cost $212,102 $52,146 $189,633 $64,540 $518,421

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost)  $123,296
Profit on Total Direct Cost @ 10% $51,842

Subtotal $693,559

Health & Safety Monitoring @ 2%  $13,871

Total Field Cost $707,430

Engineering on Total Field Cost @ 10%  $70,743
Contingency on Total Field Cost @ 20%  $141,486

TOTAL CAPITAL COST $919,659
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7/6/2012 10:49 AM 

NAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
O & M Cost: Years 5, 10, 15, 20, 25, and 30

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 150 hr $60.00 $0 $0 $9,000 $0 $9,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Equipment Mobilization/Demobilization 3 ea $183.00 $518.00 $0 $0 $549 $1,554 $2,103
3 FIELD SUPPORT AND SITE ACCESS

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.2 Site Superintendent and QA/QC 5 day $166.00 $420.00  $0 $830 $2,100 $0 $2,930

4 DECONTAMINATION
4.1 Decontamination Services 0.5 mo $1,220.00 $2,245.00 $1,550.00 $0 $610 $1,123 $775 $2,508
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 500 gal $0.20 $0 $100 $0 $0 $100
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 MULCH BARRIERS EOS
5.1 Inject Pumps 5 day $500.00 $0 $0 $0 $2,500 $2,500
5.2 Site Labor (2 laborers) 10 day $274.80 $0 $0 $2,748 $0 $2,748
5.3 EOS 37 drum $840.00 $0 $31,080 $0 $0 $31,080
5.4 Water Tank Truck 5 day $480.00 $0 $0 $0 $2,400 $2,400
5.5 Injection Water 13,456 gal $0.20 $0 $2,691 $0 $0 $2,691

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 100 hr $60.00 $0 $0 $6,000 $0 $6,000

 
Subtotal $985 $36,811 $23,520 $9,105 $70,421

Overhead on Labor Cost @ 30% $7,056 $7,056
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $99 $3,681 $2,352 $911 $7,042

Tax on Materials and Equipment Cost @ 6.25% $2,301 $569 $2,870

Total Direct Cost $1,084 $42,793 $32,927 $10,585 $87,388

Indirects on Total Direct Cost @ 25%  $21,847
Profit on Total Direct Cost @ 10% $8,739

Subtotal $117,974

Health & Safety Monitoring @ 0%  $0

Total Field Cost $117,974

Engineering on Total Field Cost @ 25%  $29,494
Contingency on Total Field Cost @ 25%  $29,494

TOTAL CAPITAL COST $176,961

Solvent Release Area
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7/6/2012 10:49 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA
Solvent Release Area

Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 - 3 years 4 - 30 every 5 years Notes

Site Inspection: Visit $2,350 $2,350 $2,350 One-day visit and report to verify LUC RD

Surface Water & 
Groundwater Sampling

$22,900 $11,450 $5,725 Labor and supplies to collect samples from 24 wells & four surface water 
samples, quarterly year 1, semi-annually years 2 & 3, annually years 4-30.

Analysis: Groundwater $23,632 $11,816 $5,908 Analyze groundwater samples for PCE, TCE, Cis-1,2-DCE, VC, PCP, 3,3-DB, 
Arsenic, Barium, Iron, and Manganese

Analysis: Surface 
Water

$6,160 $3,080 $1,540 Analyze surface water samples for PCE, TCE, Cis-1,2-DCE, VC, PCB, Iron, & 
Manganese

Analysis: Sediment $1,344 $672 $336 Analyze sediment samples for Iron and Manganese

 Sampling Report $48,000 $24,000 $12,000

Five Year Site Review $23,000

Subtotal $104,386 $53,368 $27,859 $23,000

Contingency @ 10% $10,439 $5,337 $2,786 $2,300

TOTAL $114,825 $58,705 $30,645 $25,300

Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
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7/6/2012 10:49 AMNAVAL AIR STATION SOUTH WEYMOUTH
Solvent Release Area
Weymouth, MA

Present Worth Analysis

Capital Operation & Annual Total Year Annual Discount Rate Present 
Year Cost Maintenance Cost Cost Cost 2.0% Worth

0 $919,659 $919,659 1.000 $919,659
1 $114,825 $114,825 0.980 $112,573
2 $58,705 $58,705 0.961 $56,425
3 $58,705 $58,705 0.942 $55,319
4 $30,645 $30,645 0.924 $28,311
5 $176,961 $55,945 $232,906 0.906 $210,950
6 $30,645 $30,645 0.888 $27,212
7 $30,645 $30,645 0.871 $26,678
8 $30,645 $30,645 0.853 $26,155
9 $30,645 $30,645 0.837 $25,642

10 $176,961 $55,945 $232,906 0.820 $191,064
11 $30,645 $30,645 0.804 $24,647
12 $30,645 $30,645 0.788 $24,163
13 $30,645 $30,645 0.773 $23,690
14 $30,645 $30,645 0.758 $23,225
15 $176,961 $55,945 $232,906 0.743 $173,053
16 $30,645 $30,645 0.728 $22,323
17 $30,645 $30,645 0.714 $21,885
18 $30,645 $30,645 0.700 $21,456
19 $30,645 $30,645 0.686 $21,036
20 $176,961 $55,945 $232,906 0.673 $156,739
21 $30,645 $30,645 0.660 $20,219
22 $30,645 $30,645 0.647 $19,822
23 $30,645 $30,645 0.634 $19,434
24 $30,645 $30,645 0.622 $19,053
25 $176,961 $55,945 $232,906 0.610 $141,964
26 $30,645 $30,645 0.598 $18,313
27 $30,645 $30,645 0.586 $17,954
28 $30,645 $30,645 0.574 $17,602
29 $30,645 $30,645 0.563 $17,257
30 $176,961 $55,945 $232,906 0.552 $128,581

TOTAL PRESENT WORTH $2,612,403

Alternative G-3: Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
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ALTERNATIVE G-4



7/6/2012 10:50 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 500 hr $60.00 $0 $0 $30,000 $0 $30,000
1.2 Prepare LTM Plans 300 hr $60.00 $0 $0 $18,000 $0 $18,000
1.3 Prepare LUCs 150 hr $60.00 $0 $0 $9,000 $0 $9,000
1.4 Pilot Study: Mulch Barriers 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 4 ea $183.00 $518.00 $0 $0 $732 $2,072 $2,804
2.3 One-Pass Trencher Mob/Demob 1 ea $50,000.00 $50,000 $0 $0 $0 $50,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 1 mo $360.00 $0 $0 $0 $360 $360
3.2 Field Office Equipment, Utilities, & Support 1 mo $519.00 $0 $519 $0 $0 $519
3.3 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.4 Survey Support 2 day $1,125.00 $2,250 $0 $0 $0 $2,250
3.5 Site Superintendent 25 day $166.00 $420.00  $0 $4,150 $10,500 $0 $14,650
3.6 Site Health & Safety and QA/QC 25 day $166.00 $370.00 $0 $4,150 $9,250 $0 $13,400
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000

4 DECONTAMINATION
4.1 Decontamination Services 1 mo $1,220.00 $2,245.00 $1,550.00 $0 $1,220 $2,245 $1,550 $5,015
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 1,000 gal $0.20 $0 $200 $0 $0 $200
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 SITE PREPARATION
5.1 Clear & Chip Trees 0.5 ac $2,500.00 $1,875.00 $0 $0 $1,250 $938 $2,188
5.2 Material Handling Pad, 100' by 100' 5,000 sf $5.84 $0.89 $1.34 $0 $29,200 $4,450 $6,700 $40,350
5.3 Fence, Chain Link, 8' high 720 lf $38.00 $27,360 $0 $0 $0 $27,360
5.4 Gate, Chain Link, 12' wide 1 ea. $1,725.00 $1,725 $0 $0 $0 $1,725
5.5 Signs on Fence 8 ea. $122.00 $976 $0 $0 $0 $976

6 MULCH BARRIERS
6.1 One-Pass Trencher 275 lf $110.00 $220.00 $0 $0 $30,250 $60,500 $90,750
6.2 Front-End Loader, 2 each 10 day $362.80 $933.40 $0 $0 $3,628 $9,334 $12,962
6.3 Equipment Mats 5 day $165.00 $0 $0 $0 $825 $825
6.4 Pumps & Filters 5 day $184.00 $0 $0 $0 $920 $920
6.5 Storage Tank, 15,000 gallon 1 mo $1,560.00 $0 $0 $0 $1,560 $1,560
6.6 Mulch 153 cy $35.15 $0 $5,378 $0 $0 $5,378
6.7 Sand 153 cy $20.00 $0 $3,060 $0 $0 $3,060
6.8 Site Labor (3 laborers) 15 day $274.80 $0 $0 $4,122 $0 $4,122
6.9 Transport & Dispose Excavated Soil, non-hazardous 459 ton $85.00 $39,015 $0 $0 $0 $39,015

6.10 Replenishment Wells, 11 wells 165 lf $55.00 $9,075 $0 $0 $0 $9,075
6.11 Replenishment Wells Heads 11 ea $500.00 $5,500 $0 $0 $0 $5,500

7 MONITORING WELLS
7.1 Well Installation, 2" dia (overburden) 150 lf $65.00 $9,750 $0 $0 $0 $9,750
7.2 Well Installation, 2" dia (bedrock) 50 lf $70.00 $3,500 $0 $0 $0 $3,500
7.3 Well Protective Casing 10 ea $150.00 $1,500 $0 $0 $0 $1,500
7.4 IDW Transportation & Disposal 20 drum $150.00 $3,000 $0 $0 $0 $3,000

8 SITE RESTORATION
8.1 Area Seeding 40 msf $117.00 $4,680 $0 $0 $0 $4,680

9 POST CONSTRUCTION COST
9.1 Contractor Completion Report 300 hr $60.00 $0 $0 $18,000 $0 $18,000
9.2 Remedial Action Closeout Report 250 hr $60.00 $0 $0 $15,000 $0 $15,000

 
Subtotal $219,316 $50,377 $158,427 $90,135 $518,254

Solvent Release Area
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7/6/2012 10:50 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Solvent Release Area

Overhead on Labor Cost @ 30% $47,528 $47,528
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $21,932 $5,038 $15,843 $9,013 $51,825

Tax on Materials and Equipment Cost @ 6.25% $3,149 $5,633 $8,782

Total Direct Cost $241,248 $58,563 $221,798 $104,781 $626,390

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost)  $145,847
Profit on Total Direct Cost @ 10% $62,639

Subtotal $834,876

Health & Safety Monitoring @ 2%  $16,698

Total Field Cost $851,574

Engineering on Total Field Cost @ 10%  $85,157
Contingency on Total Field Cost @ 20%  $170,315

TOTAL CAPITAL COST $1,107,046
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7/6/2012 10:50 AM 

NAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
O & M Cost: Years 5, 10, 15, 20, 25, and 30

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 150 hr $60.00 $0 $0 $9,000 $0 $9,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Equipment Mobilization/Demobilization 3 ea $183.00 $518.00 $0 $0 $549 $1,554 $2,103
3 FIELD SUPPORT AND SITE ACCESS

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.2 Site Superintendent and QA/QC 10 day $166.00 $420.00  $0 $1,660 $4,200 $0 $5,860

4 DECONTAMINATION
4.1 Decontamination Services 0.5 mo $1,220.00 $2,245.00 $1,550.00 $0 $610 $1,123 $775 $2,508
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 500 gal $0.20 $0 $100 $0 $0 $100
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 MULCH BARRIERS EOS
5.1 Inject Pumps 8 day $500.00 $0 $0 $0 $4,000 $4,000
5.2 Site Labor (2 laborers) 16 day $274.80 $0 $0 $4,397 $0 $4,397
5.3 EOS 68 drum $840.00 $0 $57,120 $0 $0 $57,120
5.4 Water Tank Truck 8 day $480.00 $0 $0 $0 $3,840 $3,840
5.5 Injection Water 24,677 gal $0.20 $0 $4,935 $0 $0 $4,935

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 100 hr $60.00 $0 $0 $6,000 $0 $6,000

 
Subtotal $985 $65,925 $27,268 $12,045 $106,224

Overhead on Labor Cost @ 30% $8,180 $8,180
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $99 $6,593 $2,727 $1,205 $10,622

Tax on Materials and Equipment Cost @ 6.25% $4,120 $753 $4,873

Total Direct Cost $1,084 $76,638 $38,176 $14,002 $129,900

Indirects on Total Direct Cost @ 25%  $32,475
Profit on Total Direct Cost @ 10% $12,990

Subtotal $175,365

Health & Safety Monitoring @ 0%  $0

Total Field Cost $175,365

Engineering on Total Field Cost @ 25%  $43,841
Contingency on Total Field Cost @ 25%  $43,841

TOTAL CAPITAL COST $263,047

Solvent Release Area
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7/6/2012 10:50 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA
Solvent Release Area

Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 - 3 years 4 - 30 every 5 years Notes

Site Inspection: Visit $2,350 $2,350 $2,350 One-day visit and report to verify LUC RD

Surface Water & 
Groundwater Sampling

$23,300 $11,650 $5,825 Labor and supplies to collect samples from 25 wells & four surface water 
samples, quarterly year 1, semi-annually years 2 & 3, annually years 4-30.

Analysis: Groundwater $24,696 $12,348 $6,174 Analyze groundwater samples for PCE, TCE, Cis-1,2-DCE, VC, PCP, 3,3-DB, 
Arsenic, Barium, Iron, and Manganese

Analysis: Surface 
Water

$6,160 $3,080 $1,540 Analyze surface water samples for PCE, TCE, Cis-1,2-DCE, VC, PCB, Iron, & 
Manganese

Analysis: Sediment $1,344 $672 $336 Analyze sediment samples for Iron and Manganese

 Sampling Report $48,000 $24,000 $12,000

Five Year Site Review $23,000

Subtotal $105,850 $54,100 $28,225 $23,000

Contingency @ 10% $10,585 $5,410 $2,823 $2,300

TOTAL $116,435 $59,510 $31,048 $25,300

Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
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7/6/2012 10:50 AMNAVAL AIR STATION SOUTH WEYMOUTH
Solvent Release Area
Weymouth, MA

Present Worth Analysis

Capital Operation & Annual Total Year Annual Discount Rate Present 
Year Cost Maintenance Cost Cost Cost 2.0% Worth

0 $1,107,046 $1,107,046 1.000 $1,107,046
1 $116,435 $116,435 0.980 $114,152
2 $59,510 $59,510 0.961 $57,199
3 $59,510 $59,510 0.942 $56,078
4 $31,048 $31,048 0.924 $28,683
5 $263,047 $56,348 $319,394 0.906 $289,285
6 $31,048 $31,048 0.888 $27,569
7 $31,048 $31,048 0.871 $27,029
8 $31,048 $31,048 0.853 $26,499
9 $31,048 $31,048 0.837 $25,979

10 $263,047 $56,348 $319,394 0.820 $262,015
11 $31,048 $31,048 0.804 $24,970
12 $31,048 $31,048 0.788 $24,481
13 $31,048 $31,048 0.773 $24,001
14 $31,048 $31,048 0.758 $23,530
15 $263,047 $56,348 $319,394 0.743 $237,315
16 $31,048 $31,048 0.728 $22,616
17 $31,048 $31,048 0.714 $22,173
18 $31,048 $31,048 0.700 $21,738
19 $31,048 $31,048 0.686 $21,312
20 $263,047 $56,348 $319,394 0.673 $214,943
21 $31,048 $31,048 0.660 $20,484
22 $31,048 $31,048 0.647 $20,083
23 $31,048 $31,048 0.634 $19,689
24 $31,048 $31,048 0.622 $19,303
25 $263,047 $56,348 $319,394 0.610 $194,681
26 $31,048 $31,048 0.598 $18,553
27 $31,048 $31,048 0.586 $18,190
28 $31,048 $31,048 0.574 $17,833
29 $31,048 $31,048 0.563 $17,483
30 $263,047 $56,348 $319,394 0.552 $176,328

TOTAL PRESENT WORTH $3,181,241

Alternative G-4: Two Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
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ALTERNATIVE G-5



7/6/2012 10:51 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 600 hr $60.00 $0 $0 $36,000 $0 $36,000
1.2 Prepare LTM Plans 300 hr $60.00 $0 $0 $18,000 $0 $18,000
1.3 Prepare LUCs 150 hr $60.00 $0 $0 $9,000 $0 $9,000
1.4 Pilot Study: Mulch Barriers 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
1.5 Pilot Study: Bioremediation 1 ls $75,000.00 $75,000 $0 $0 $0 $75,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 6 ea $183.00 $518.00 $0 $0 $1,098 $3,108 $4,206
2.3 One-Pass Trencher Mob/Demob 1 ea $50,000.00 $50,000 $0 $0 $0 $50,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 3 mo $360.00 $0 $0 $0 $1,080 $1,080
3.2 Field Office Equipment, Utilities, & Support 3 mo $519.00 $0 $1,557 $0 $0 $1,557
3.3 Storage Trailer 3 mo $94.00 $0 $0 $0 $282 $282
3.4 Survey Support 5 day $1,125.00 $5,625 $0 $0 $0 $5,625
3.5 Site Superintendent 55 day $166.00 $420.00  $0 $9,130 $23,100 $0 $32,230
3.6 Site Health & Safety and QA/QC 55 day $166.00 $370.00 $0 $9,130 $20,350 $0 $29,480
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $780.00 $0 $0 $0 $2,340 $2,340
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $702.00 $0 $0 $0 $2,106 $2,106
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 SITE PREPARATION
5.1 Clear & Chip Trees 1.5 ac $2,500.00 $1,875.00 $0 $0 $3,750 $2,813 $6,563
5.2 Material Handling Pad, 100' by 100' 5,000 sf $5.84 $0.89 $1.34 $0 $29,200 $4,450 $6,700 $40,350
5.3 Fence, Chain Link, 8' high 720 lf $38.00 $27,360 $0 $0 $0 $27,360
5.4 Gate, Chain Link, 12' wide 1 ea. $1,725.00 $1,725 $0 $0 $0 $1,725
5.5 Signs on Fence 8 ea. $122.00 $976 $0 $0 $0 $976

6 OVERBURDEN ENHANCED BIOREMEDIATION
6.1 Injection Wells, 42 wells 720 lf $50.00 $36,000 $0 $0 $0 $36,000
6.2 Injection Wells Heads 42 ea $500.00 $21,000 $0 $0 $0 $21,000
6.3 Inject Pumps 7 day $500.00 $0 $0 $0 $3,500 $3,500
6.4 Site Labor (2 laborers) 14 day $274.80 $0 $0 $3,847 $0 $3,847
6.5 Sodium Lactate 2,475 lb $2.00 $0 $4,950 $0 $0 $4,950
6.6 Sodium Bicarbonate 2,970 lb $0.30 $0 $891 $0 $0 $891
6.7 Water Tank Truck 7 day $480.00 $0 $0 $0 $3,360 $3,360
6.8 Injection Water 1,470 gal $0.20 $0 $294 $0 $0 $294

7 BEDROCK ENHANCED BIOREMEDIATION
7.1 Injection Wells, 9 wells 340 lf $50.00 $17,000 $0 $0 $0 $17,000
7.2 Injection Wells Heads 9 ea $500.00 $4,500 $0 $0 $0 $4,500
7.3 Inject Pumps 4 day $500.00 $0 $0 $0 $2,000 $2,000
7.4 Site Labor (2 laborers) 8 day $274.80 $0 $0 $2,198 $0 $2,198
7.5 Sodium Lactate 97 lb $2.00 $0 $194 $0 $0 $194
7.6 Sodium Bicarbonate 116 lb $0.30 $0 $35 $0 $0 $35
7.7 Water Tank Truck 4 day $480.00 $0 $0 $0 $1,920 $1,920
7.8 Injection Water 60 gal $0.20 $0 $12 $0 $0 $12

Solvent Release Area
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7/6/2012 10:51 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Solvent Release Area

8 MULCH BARRIERS
8.1 One-Pass Trencher 150 lf $110.00 $220.00 $0 $0 $16,500 $33,000 $49,500
8.2 Front-End Loader, 2 each 4 day $362.80 $933.40 $0 $0 $1,451 $3,734 $5,185
8.3 Equipment Mats 2 day $165.00 $0 $0 $0 $330 $330
8.4 Pumps & Filters 2 day $184.00 $0 $0 $0 $368 $368
8.5 Storage Tank, 15,000 gallon 1 mo $1,560.00 $0 $0 $0 $1,560 $1,560
8.6 Mulch 83 cy $35.15 $0 $2,917 $0 $0 $2,917
8.7 Sand 83 cy $20.00 $0 $1,660 $0 $0 $1,660
8.8 Site Labor (3 laborers) 6 day $274.80 $0 $0 $1,649 $0 $1,649
8.9 Transport & Dispose Excavated Soil, non-hazardous 250 ton $85.00 $21,250 $0 $0 $0 $21,250

8.10 Replenishment Wells, 11 wells 90 lf $55.00 $4,950 $0 $0 $0 $4,950
8.11 Replenishment Wells Heads 6 ea $500.00 $3,000 $0 $0 $0 $3,000

9 MONITORING WELLS
9.1 Well Installation, 2" dia (overburden) 150 lf $65.00 $9,750 $0 $0 $0 $9,750
9.2 Well Installation, 2" dia (bedrock) 50 lf $70.00 $3,500 $0 $0 $0 $3,500
9.3 Well Protective Casing 10 ea $150.00 $1,500 $0 $0 $0 $1,500
9.4 IDW Transportation & Disposal 20 drum $150.00 $3,000 $0 $0 $0 $3,000

10 SITE RESTORATION
10.1 Prepare Wetland Documents & Plans 1 ls $35,000.00 $0 $0 $35,000 $0 $35,000
10.2 Wetlands Construction 0.3 ac $110,000.00 $33,000 $0 $0 $0 $33,000
10.3 Area Seeding 15 msf $117.00 $1,755 $0 $0 $0 $1,755

11 POST CONSTRUCTION COST
11.1 Contractor Completion Report 400 hr $60.00 $0 $0 $24,000 $0 $24,000
11.2 Remedial Action Closeout Report 300 hr $60.00 $0 $0 $18,000 $0 $18,000

 
Subtotal $383,846 $66,730 $227,129 $76,650 $754,355

Overhead on Labor Cost @ 30% $68,139 $68,139
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $38,385 $6,673 $22,713 $7,665 $75,435

Tax on Materials and Equipment Cost @ 6.25% $4,171 $4,791 $8,961

Total Direct Cost $422,231 $77,574 $317,980 $89,106 $906,890

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost)  $220,671
Profit on Total Direct Cost @ 10% $90,689

Subtotal $1,218,251

Health & Safety Monitoring @ 2%  $24,365

Total Field Cost $1,242,616

Engineering on Total Field Cost @ 10%  $124,262
Contingency on Total Field Cost @ 20%  $248,523

TOTAL CAPITAL COST $1,615,400
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7/6/2012 10:51 AM 

NAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
O & M Cost: Years 1 & 3 Bioremediation - Follow Up Injection

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 250 hr $60.00 $0 $0 $15,000 $0 $15,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Equipment Mobilization/Demobilization 3 ea $183.00 $518.00 $0 $0 $549 $1,554 $2,103
3 FIELD SUPPORT AND SITE ACCESS

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.2 Site Superintendent and QA/QC 10 day $166.00 $420.00  $0 $1,660 $4,200 $0 $5,860

4 DECONTAMINATION
4.1 Decontamination Services 0.5 mo $1,220.00 $2,245.00 $1,550.00 $0 $610 $1,123 $775 $2,508
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 500 gal $0.20 $0 $100 $0 $0 $100
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 MULCH BARRIERS EOS
5.1 Inject Pumps 8 day $500.00 $0 $0 $0 $4,000 $4,000
5.2 Site Labor (2 laborers) 16 day $274.80 $0 $0 $4,397 $0 $4,397
5.3 EOS 0.5 drum $840.00 $0 $420 $0 $0 $420
5.4 Injection Water 46 gal $0.20 $0 $9 $0 $0 $9

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 200 hr $60.00 $0 $0 $12,000 $0 $12,000

 
Subtotal $985 $4,299 $39,268 $8,205 $52,758

Overhead on Labor Cost @ 30% $11,780 $11,780
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $99 $430 $3,927 $821 $5,276

Tax on Materials and Equipment Cost @ 6.25% $269 $513 $782

Total Direct Cost $1,084 $4,998 $54,976 $9,538 $70,595

Indirects on Total Direct Cost @ 25%  $17,649
Profit on Total Direct Cost @ 10% $7,060

Subtotal $95,304

Health & Safety Monitoring @ 0%  $0

Total Field Cost $95,304

Engineering on Total Field Cost @ 25%  $23,826
Contingency on Total Field Cost @ 25%  $23,826

TOTAL CAPITAL COST $142,955

Solvent Release Area
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7/6/2012 10:51 AM 

NAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden Mulch PRB, Monitoring, Engineering Controls, and LUCs
O & M Cost: Years 5, 10, 15, 20, 25, and 30 Mulch PRB

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 150 hr $60.00 $0 $0 $9,000 $0 $9,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Equipment Mobilization/Demobilization 3 ea $183.00 $518.00 $0 $0 $549 $1,554 $2,103
3 FIELD SUPPORT AND SITE ACCESS

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.2 Site Superintendent and QA/QC 5 day $166.00 $420.00  $0 $830 $2,100 $0 $2,930

4 DECONTAMINATION
4.1 Decontamination Services 0.5 mo $1,220.00 $2,245.00 $1,550.00 $0 $610 $1,123 $775 $2,508
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 500 gal $0.20 $0 $100 $0 $0 $100
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 MULCH BARRIERS EOS
5.1 Inject Pumps 5 day $500.00 $0 $0 $0 $2,500 $2,500
5.2 Site Labor (2 laborers) 10 day $274.80 $0 $0 $2,748 $0 $2,748
5.3 EOS 37 drum $840.00 $0 $31,080 $0 $0 $31,080
5.4 Water Tank Truck 5 day $480.00 $0 $0 $0 $2,400 $2,400
5.5 Injection Water 13,456 gal $0.20 $0 $2,691 $0 $0 $2,691

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 100 hr $60.00 $0 $0 $6,000 $0 $6,000

 
Subtotal $985 $36,811 $23,520 $9,105 $70,421

Overhead on Labor Cost @ 30% $7,056 $7,056
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $99 $3,681 $2,352 $911 $7,042

Tax on Materials and Equipment Cost @ 6.25% $2,301 $569 $2,870

Total Direct Cost $1,084 $42,793 $32,927 $10,585 $87,388

Indirects on Total Direct Cost @ 25%  $21,847
Profit on Total Direct Cost @ 10% $8,739

Subtotal $117,974

Health & Safety Monitoring @ 0%  $0

Total Field Cost $117,974

Engineering on Total Field Cost @ 25%  $29,494
Contingency on Total Field Cost @ 25%  $29,494

TOTAL CAPITAL COST $176,961

Solvent Release Area
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7/6/2012 10:51 AMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA
Solvent Release Area

Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 - 3 years 4 - 30 every 5 years Notes

Site Inspection: Visit $2,350 $2,350 $2,350 One-day visit and report to verify LUC RD

Surface Water & 

Groundwater Sampling

$23,300 $11,650 $5,825 Labor and supplies to collect samples from 26 wells & four surface water 

samples, quarterly year 1, semi-annually years 2 & 3, annually years 4-30.

Analysis: Groundwater $25,760 $12,880 $6,440 Analyze groundwater samples for PCE, TCE, Cis-1,2-DCE, VC, PCP, 3,3-DB, 

Arsenic, Barium, Iron, and Manganese

Analysis: Surface 

Water

$6,160 $3,080 $1,540 Analyze surface water samples for PCE, TCE, Cis-1,2-DCE, VC, PCB, Iron, & 

Manganese

Analysis: Sediment $1,344 $672 $336 Analyze sediment samples for Iron and Manganese

 Sampling Report $48,000 $24,000 $12,000

Five Year Site Review $23,000

Subtotal $106,914 $54,632 $28,491 $23,000

Contingency @ 10% $10,691 $5,463 $2,849 $2,300

TOTAL $117,605 $60,095 $31,340 $25,300

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden Mulch PRB, Monitoring, Engineering Controls, and 

LUCs

S:\South Weymouth - Joe Logan\SRA\Revised Draft FS\Revision June 2012\! clean version for word processing\Appendix G\Alt G-5 6-8-2012 LW\anulcost Page 5 of 6



7/6/2012 10:51 AMNAVAL AIR STATION SOUTH WEYMOUTH
Solvent Release Area
Weymouth, MA

Present Worth Analysis

Capital Operation & Annual Total Year Annual Discount Rate Present 
Year Cost Maintenance Cost Cost Cost 2.0% Worth

0 $1,615,400 $1,615,400 1.000 $1,615,400
1 $142,955 $117,605 $260,561 0.980 $255,452
2 $60,095 $60,095 0.961 $57,762
3 $142,955 $60,095 $203,051 0.942 $191,339
4 $31,340 $31,340 0.924 $28,953
5 $176,961 $56,640 $233,602 0.906 $211,580
6 $31,340 $31,340 0.888 $27,829
7 $31,340 $31,340 0.871 $27,283
8 $31,340 $31,340 0.853 $26,748
9 $31,340 $31,340 0.837 $26,224

10 $176,961 $56,640 $233,602 0.820 $191,635
11 $31,340 $31,340 0.804 $25,206
12 $31,340 $31,340 0.788 $24,711
13 $31,340 $31,340 0.773 $24,227
14 $31,340 $31,340 0.758 $23,752
15 $176,961 $56,640 $233,602 0.743 $173,569
16 $31,340 $31,340 0.728 $22,830
17 $31,340 $31,340 0.714 $22,382
18 $31,340 $31,340 0.700 $21,943
19 $31,340 $31,340 0.686 $21,513
20 $176,961 $56,640 $233,602 0.673 $157,207
21 $31,340 $31,340 0.660 $20,677
22 $31,340 $31,340 0.647 $20,272
23 $31,340 $31,340 0.634 $19,875
24 $31,340 $31,340 0.622 $19,485
25 $176,961 $56,640 $233,602 0.610 $142,387
26 $31,340 $31,340 0.598 $18,728
27 $31,340 $31,340 0.586 $18,361
28 $31,340 $31,340 0.574 $18,001
29 $31,340 $31,340 0.563 $17,648
30 $176,961 $56,640 $233,602 0.552 $128,965

TOTAL PRESENT WORTH $3,601,945

Alternative G-5: Overburden and Bedrock Source Zone Enhanced Bioremediation, One Overburden Mulch PRB, Monitoring, 

Engineering Controls, and LUCs
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ALTERNATIVE G-5A



11/20/2012 3:48 PMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden Mulch PRBs, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 600 hr $60.00 $0 $0 $36,000 $0 $36,000
1.2 Prepare LTM Plans 300 hr $60.00 $0 $0 $18,000 $0 $18,000
1.3 Prepare LUCs 150 hr $60.00 $0 $0 $9,000 $0 $9,000
1.4 Pilot Study: Mulch Barriers 1 ls $50,000.00 $50,000 $0 $0 $0 $50,000
1.5 Pilot Study: Bioremediation 1 ls $75,000.00 $75,000 $0 $0 $0 $75,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 6 ea $183.00 $518.00 $0 $0 $1,098 $3,108 $4,206
2.3 One-Pass Trencher Mob/Demob 1 ea $50,000.00 $50,000 $0 $0 $0 $50,000
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 3 mo $360.00 $0 $0 $0 $1,080 $1,080
3.2 Field Office Equipment, Utilities, & Support 3 mo $519.00 $0 $1,557 $0 $0 $1,557
3.3 Storage Trailer 3 mo $94.00 $0 $0 $0 $282 $282
3.4 Survey Support 5 day $1,125.00 $5,625 $0 $0 $0 $5,625
3.5 Site Superintendent 55 day $166.00 $420.00  $0 $9,130 $23,100 $0 $32,230
3.6 Site Health & Safety and QA/QC 55 day $166.00 $370.00 $0 $9,130 $20,350 $0 $29,480
3.7 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000

4 DECONTAMINATION
4.1 Decontamination Services 3 mo $1,220.00 $2,245.00 $1,550.00 $0 $3,660 $6,735 $4,650 $15,045
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 3,000 gal $0.20 $0 $600 $0 $0 $600
4.4 Decon Water Storage Tank, 6,000 gallon 3 mo $780.00 $0 $0 $0 $2,340 $2,340
4.5 Clean Water Storage Tank, 4,000 gallon 3 mo $702.00 $0 $0 $0 $2,106 $2,106
4.6 Disposal of Decon Waste (liquid & solid) 3 mo $985.00 $2,955 $0 $0 $0 $2,955

5 SITE PREPARATION
5.1 Clear & Chip Trees 1.5 ac $2,500.00 $1,875.00 $0 $0 $3,750 $2,813 $6,563
5.2 Material Handling Pad, 100' by 100' 5,000 sf $5.84 $0.89 $1.34 $0 $29,200 $4,450 $6,700 $40,350
5.3 Fence, Chain Link, 8' high 720 lf $38.00 $27,360 $0 $0 $0 $27,360
5.4 Gate, Chain Link, 12' wide 1 ea. $1,725.00 $1,725 $0 $0 $0 $1,725
5.5 Signs on Fence 8 ea. $122.00 $976 $0 $0 $0 $976

6 OVERBURDEN ENHANCED BIOREMEDIATION
6.1 Injection Wells, 42 wells 720 lf $50.00 $36,000 $0 $0 $0 $36,000
6.2 Injection Wells Heads 42 ea $500.00 $21,000 $0 $0 $0 $21,000
6.3 Inject Pumps 7 day $500.00 $0 $0 $0 $3,500 $3,500
6.4 Site Labor (2 laborers) 14 day $274.80 $0 $0 $3,847 $0 $3,847
6.5 Sodium Lactate 2,475 lb $2.00 $0 $4,950 $0 $0 $4,950
6.6 Sodium Bicarbonate 2,970 lb $0.30 $0 $891 $0 $0 $891
6.7 Water Tank Truck 7 day $480.00 $0 $0 $0 $3,360 $3,360
6.8 Injection Water 1,470 gal $0.20 $0 $294 $0 $0 $294

7 BEDROCK ENHANCED BIOREMEDIATION
7.1 Injection Wells, 9 wells 340 lf $50.00 $17,000 $0 $0 $0 $17,000
7.2 Injection Wells Heads 9 ea $500.00 $4,500 $0 $0 $0 $4,500
7.3 Inject Pumps 4 day $500.00 $0 $0 $0 $2,000 $2,000
7.4 Site Labor (2 laborers) 8 day $274.80 $0 $0 $2,198 $0 $2,198
7.5 Sodium Lactate 97 lb $2.00 $0 $194 $0 $0 $194
7.6 Sodium Bicarbonate 116 lb $0.30 $0 $35 $0 $0 $35
7.7 Water Tank Truck 4 day $480.00 $0 $0 $0 $1,920 $1,920
7.8 Injection Water 60 gal $0.20 $0 $12 $0 $0 $12

Solvent Release Area
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11/20/2012 3:48 PMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden Mulch PRBs, Monitoring, Engineering Controls, and LUCs
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Solvent Release Area

8 MULCH BARRIERS
8.1 One-Pass Trencher 275 lf $110.00 $220.00 $0 $0 $30,250 $60,500 $90,750
8.2 Front-End Loader, 2 each 10 day $362.80 $933.40 $0 $0 $3,628 $9,334 $12,962
8.3 Equipment Mats 5 day $165.00 $0 $0 $0 $825 $825
8.4 Pumps & Filters 5 day $184.00 $0 $0 $0 $920 $920
8.5 Storage Tank, 15,000 gallon 1 mo $1,560.00 $0 $0 $0 $1,560 $1,560
8.6 Mulch 153 cy $35.15 $0 $5,378 $0 $0 $5,378
8.7 Sand 153 cy $20.00 $0 $3,060 $0 $0 $3,060
8.8 Site Labor (3 laborers) 15 day $274.80 $0 $0 $4,122 $0 $4,122
8.9 Transport & Dispose Excavated Soil, non-hazardous 459 ton $85.00 $39,015 $0 $0 $0 $39,015

8.10 Replenishment Wells, 11 wells 165 lf $55.00 $9,075 $0 $0 $0 $9,075
8.11 Replenishment Wells Heads 11 ea $500.00 $5,500 $0 $0 $0 $5,500

9 MONITORING WELLS
9.1 Well Installation, 2" dia (overburden) 150 lf $65.00 $9,750 $0 $0 $0 $9,750
9.2 Well Installation, 2" dia (bedrock) 50 lf $70.00 $3,500 $0 $0 $0 $3,500
9.3 Well Protective Casing 10 ea $150.00 $1,500 $0 $0 $0 $1,500
9.4 IDW Transportation & Disposal 20 drum $150.00 $3,000 $0 $0 $0 $3,000

10 SITE RESTORATION
10.1 Prepare Wetland Documents & Plans 1 ls $35,000.00 $0 $0 $35,000 $0 $35,000
10.2 Wetlands Construction 0.3 ac $110,000.00 $33,000 $0 $0 $0 $33,000
10.3 Area Seeding 15 msf $117.00 $1,755 $0 $0 $0 $1,755

11 POST CONSTRUCTION COST
11.1 Contractor Completion Report 400 hr $60.00 $0 $0 $24,000 $0 $24,000
11.2 Remedial Action Closeout Report 300 hr $60.00 $0 $0 $18,000 $0 $18,000

 
Subtotal $408,236 $70,591 $245,529 $110,798 $835,153

Overhead on Labor Cost @ 30% $73,659 $73,659
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $40,824 $7,059 $24,553 $11,080 $83,515

Tax on Materials and Equipment Cost @ 6.25% $4,412 $6,925 $11,337

Total Direct Cost $449,060 $82,062 $343,740 $128,802 $1,003,663

Indirects on Total Direct Cost @ 25% (excluding transportation and disposal cost)  $240,423
Profit on Total Direct Cost @ 10% $100,366

Subtotal $1,344,453

Health & Safety Monitoring @ 2%  $26,889

Total Field Cost $1,371,342

Engineering on Total Field Cost @ 10%  $137,134
Contingency on Total Field Cost @ 20%  $274,268

TOTAL CAPITAL COST $1,782,745
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11/20/2012 3:48 PM 

NAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden Mulch PRBs, Monitoring, Engineering Controls, and LUCs
O & M Cost: Years 1 & 3 Bioremediation - Follow Up Injection

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 250 hr $60.00 $0 $0 $15,000 $0 $15,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Equipment Mobilization/Demobilization 3 ea $183.00 $518.00 $0 $0 $549 $1,554 $2,103
3 FIELD SUPPORT AND SITE ACCESS

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.2 Site Superintendent and QA/QC 10 day $166.00 $420.00  $0 $1,660 $4,200 $0 $5,860

4 DECONTAMINATION
4.1 Decontamination Services 0.5 mo $1,220.00 $2,245.00 $1,550.00 $0 $610 $1,123 $775 $2,508
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 500 gal $0.20 $0 $100 $0 $0 $100
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 MULCH BARRIERS EOS
5.1 Inject Pumps 8 day $500.00 $0 $0 $0 $4,000 $4,000
5.2 Site Labor (2 laborers) 16 day $274.80 $0 $0 $4,397 $0 $4,397
5.3 EOS 0.5 drum $840.00 $0 $420 $0 $0 $420
5.4 Injection Water 46 gal $0.20 $0 $9 $0 $0 $9

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 200 hr $60.00 $0 $0 $12,000 $0 $12,000

 
Subtotal $985 $4,299 $39,268 $8,205 $52,758

Overhead on Labor Cost @ 30% $11,780 $11,780
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $99 $430 $3,927 $821 $5,276

Tax on Materials and Equipment Cost @ 6.25% $269 $513 $782

Total Direct Cost $1,084 $4,998 $54,976 $9,538 $70,595

Indirects on Total Direct Cost @ 25%  $17,649
Profit on Total Direct Cost @ 10% $7,060

Subtotal $95,304

Health & Safety Monitoring @ 0%  $0

Total Field Cost $95,304

Engineering on Total Field Cost @ 25%  $23,826
Contingency on Total Field Cost @ 25%  $23,826

TOTAL CAPITAL COST $142,955

Solvent Release Area

S:\South Weymouth - Joe Logan\SRA\Final FS\Appendices\Appendix G\Alt G-5A 11-2012 jwl\O & M years 1 & 3 Page 3 of 6



11/20/2012 3:48 PM 

NAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden Mulch PRBs, Monitoring, Engineering Controls, and LUCs
O & M Cost: Years 5, 10, 15, 20, 25, and 30 Mulch PRB

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 150 hr $60.00 $0 $0 $9,000 $0 $9,000
2 MOBILIZATION AND DEMOBILIZATION

2.1 Equipment Mobilization/Demobilization 3 ea $183.00 $518.00 $0 $0 $549 $1,554 $2,103
3 FIELD SUPPORT AND SITE ACCESS

3.1 Storage Trailer 1 mo $94.00 $0 $0 $0 $94 $94
3.2 Site Superintendent and QA/QC 10 day $166.00 $420.00  $0 $1,660 $4,200 $0 $5,860

4 DECONTAMINATION
4.1 Decontamination Services 0.5 mo $1,220.00 $2,245.00 $1,550.00 $0 $610 $1,123 $775 $2,508
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 500 gal $0.20 $0 $100 $0 $0 $100
4.4 Decon Water Storage Tank, 6,000 gallon 1 mo $780.00 $0 $0 $0 $780 $780
4.5 Clean Water Storage Tank, 4,000 gallon 1 mo $702.00 $0 $0 $0 $702 $702
4.6 Disposal of Decon Waste (liquid & solid) 1 mo $985.00 $985 $0 $0 $0 $985

5 MULCH BARRIERS EOS
5.1 Inject Pumps 8 day $500.00 $0 $0 $0 $4,000 $4,000
5.2 Site Labor (2 laborers) 16 day $274.80 $0 $0 $4,397 $0 $4,397
5.3 EOS 68 drum $840.00 $0 $57,120 $0 $0 $57,120
5.4 Water Tank Truck 8 day $480.00 $0 $0 $0 $3,840 $3,840
5.5 Injection Water 24,677 gal $0.20 $0 $4,935 $0 $0 $4,935

6 POST CONSTRUCTION COST
6.1 Contractor Completion Report 100 hr $60.00 $0 $0 $6,000 $0 $6,000

 
Subtotal $985 $65,925 $27,268 $12,045 $106,224

Overhead on Labor Cost @ 30% $8,180 $8,180
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $99 $6,593 $2,727 $1,205 $10,622

Tax on Materials and Equipment Cost @ 6.25% $4,120 $753 $4,873

Total Direct Cost $1,084 $76,638 $38,176 $14,002 $129,900

Indirects on Total Direct Cost @ 25%  $32,475
Profit on Total Direct Cost @ 10% $12,990

Subtotal $175,365

Health & Safety Monitoring @ 0%  $0

Total Field Cost $175,365

Engineering on Total Field Cost @ 25%  $43,841
Contingency on Total Field Cost @ 25%  $43,841

TOTAL CAPITAL COST $263,047

Solvent Release Area

S:\South Weymouth - Joe Logan\SRA\Final FS\Appendices\Appendix G\Alt G-5A 11-2012 jwl\O & M year 5s Page 4 of 6



11/20/2012 3:48 PMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA
Solvent Release Area

Annual Cost

Item Cost Item Cost Item Cost Item Cost
Item year 1 years 2 - 3 years 4 - 30 every 5 years Notes

Site Inspection: Visit $2,350 $2,350 $2,350 One-day visit and report to verify LUC RD

Surface Water & 

Groundwater Sampling

$23,300 $11,650 $5,825 Labor and supplies to collect samples from 26 wells & four surface water 

samples, quarterly year 1, semi-annually years 2 & 3, annually years 4-30.

Analysis: Groundwater $25,760 $12,880 $6,440 Analyze groundwater samples for PCE, TCE, Cis-1,2-DCE, VC, PCP, 3,3-DB, 

Arsenic, Barium, Iron, and Manganese

Analysis: Surface 

Water

$6,160 $3,080 $1,540 Analyze surface water samples for PCE, TCE, Cis-1,2-DCE, VC, PCB, Arsenic, 

Iron, & Manganese

Analysis: Sediment $1,344 $672 $336 Analyze sediment samples for Arsenic, Iron, and Manganese

 Sampling Report $48,000 $24,000 $12,000

Five Year Site Review $23,000

Subtotal $106,914 $54,632 $28,491 $23,000

Contingency @ 10% $10,691 $5,463 $2,849 $2,300

TOTAL $117,605 $60,095 $31,340 $25,300

Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden Mulch PRBs, Monitoring, Engineering Controls, 

and LUCs
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11/20/2012 3:48 PMNAVAL AIR STATION SOUTH WEYMOUTH
Solvent Release Area
Weymouth, MA

Present Worth Analysis

Capital Operation & Annual Total Year Annual Discount Rate Present 
Year Cost Maintenance Cost Cost Cost 2.0% Worth

0 $1,782,745 $1,782,745 1.000 $1,782,745
1 $142,955 $117,605 $260,561 0.980 $255,452
2 $60,095 $60,095 0.961 $57,762
3 $142,955 $60,095 $203,051 0.942 $191,339
4 $31,340 $31,340 0.924 $28,953
5 $263,047 $56,640 $319,687 0.906 $289,550
6 $31,340 $31,340 0.888 $27,829
7 $31,340 $31,340 0.871 $27,283
8 $31,340 $31,340 0.853 $26,748
9 $31,340 $31,340 0.837 $26,224

10 $263,047 $56,640 $319,687 0.820 $262,255
11 $31,340 $31,340 0.804 $25,206
12 $31,340 $31,340 0.788 $24,711
13 $31,340 $31,340 0.773 $24,227
14 $31,340 $31,340 0.758 $23,752
15 $263,047 $56,640 $319,687 0.743 $237,532
16 $31,340 $31,340 0.728 $22,830
17 $31,340 $31,340 0.714 $22,382
18 $31,340 $31,340 0.700 $21,943
19 $31,340 $31,340 0.686 $21,513
20 $263,047 $56,640 $319,687 0.673 $215,140
21 $31,340 $31,340 0.660 $20,677
22 $31,340 $31,340 0.647 $20,272
23 $31,340 $31,340 0.634 $19,875
24 $31,340 $31,340 0.622 $19,485
25 $263,047 $56,640 $319,687 0.610 $194,859
26 $31,340 $31,340 0.598 $18,728
27 $31,340 $31,340 0.586 $18,361
28 $31,340 $31,340 0.574 $18,001
29 $31,340 $31,340 0.563 $17,648
30 $263,047 $56,640 $319,687 0.552 $176,490

TOTAL PRESENT WORTH $4,139,772

Alternative G-5A: Overburden and Bedrock Source Zone Enhanced Bioremediation, Two Overburden Mulch PRBs, 

Monitoring, Engineering Controls, and LUCs
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1.0 INTRODUCTION

In response to discussions at a BRAC Cleanup Team (BCT) meeting on October 28, 2010, the Navy

proposed collection of additional time series groundwater data at select SRA monitoring wells to support

the SRA feasibility study (FS). In December 2010, the Navy proposed two additional groundwater

sampling events for spring and fall 2011 to determine whether there are changes in the chlorinated

volatile organic compound (CVOC) plume at SRA (Tetra Tech, 2010b). Sixteen monitoring wells were

originally selected to provide time series data for use in the FS. Four additional monitoring wells were

added to the fall sampling program to provide additional data regarding what is occurring to the plume

near the source area. The data from the two 2011 groundwater sampling rounds have been used to

check the limits of the overburden and bedrock groundwater contamination delineated during the

Remedial Investigation (RI). The groundwater sampling events were completed during the spring (high

groundwater) and during the fall (low groundwater). The spring event was preceded by re-development

of one groundwater monitoring well (MW11-128) that had not been sampled in twelve years.

2.0 FIELD INVESTIGATION ACTIVITIES

Sixteen wells (both overburden and bedrock) were selected for the groundwater monitoring conducted in

the spring of 2011 (Tetra Tech, 2010b) and twenty wells (two additional overburden and two additional

bedrock) were selected for the groundwater monitoring conducted in the fall of 2011. The groundwater

locations and rationale are presented in Table 1.

Groundwater samples were collected from 19 of the 20 monitoring wells during the RI (2006-2007) or

supplemental RI (2009) field work. Prior to the 2006 RI, a groundwater sample was collected from

MW11-128 in 1999 and groundwater samples were collected from seven locations in 2004. These data

were used to determine if the extent of the plume is changing significantly.

Monitoring Well Development

One monitoring well location, MW11-128, was not developed and sampled during the RI. This monitoring

well was re-developed in accordance with the Work Plan (Tetra Tech, 2006) on April 11, 2011, prior to

sample collection to ensure a representative groundwater sample was collected. The monitoring well

development log is included in Attachment A.

Groundwater Sample Collection

Groundwater samples were collected from 16 locations in April 2011 and 20 locations in August 2011
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(Table 1) in accordance with sampling procedures in the Work Plan (Tetra Tech, 2006). The initial and

final field parameter readings recorded prior to sample collection, including temperature, specific

conductivity, pH, dissolved oxygen (DO), oxygen reduction potential (ORP), and turbidity, are summarized

in Table 2-A (April 2011) and 2-B (August 2011). The groundwater samples were analyzed for CVOCs by

Katahdin Analytical Services, of Scarborough, Maine. In addition, a subset of samples in key locations

was analyzed for biodegradation indicator parameters, including: ferrous iron, methane, ethane, ethene,

total organic carbon (TOC), alkalinity, nitrate, nitrite, orthophosphate, chloride, sulfate, sulfide, and

ammonia (Table 1). These biodegradation indicator parameters were analyzed by Katahdin, except for

ferrous iron which was analyzed in the field. The low flow sample log sheets, groundwater sample log

sheets, ferrous iron analysis log sheets, and chains-of-custody are provided in Attachment A.

All data collected during both sampling events were validated in accordance with EPA Region I Tier II

data validation guidelines (EPA, 1996; EPA, 2008). Data validation memoranda are presented in

Attachment B. The groundwater field duplicates are designated with a “-D” suffix, e.g. MW10-406-0411-

D. The full analytical results are included in tables attached to the data validation memoranda in

Attachment B.

A data usability assessment was performed and is included in each of the data validation memoranda in

Attachment B. For April and August 2011, the groundwater data for all analyses met the project data

quality objectives, with the exceptions discussed in the data validation memoranda in Attachment B.

3.0 SAMPLING RESULTS

The groundwater sample detections for the sampling events are summarized in Table 3-A (April) and 3-B

(August). The analytical results for tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-

dichloroethene (cis-1,2-DCE), and vinyl chloride (VC) from previous investigations, the RI, and both

sampling events are summarized in Table 4.

Overburden Sampling Results

Six overburden groundwater samples were collected in April 2011 and eight overburden groundwater

samples were collected in August 2011. There were no CVOC detections at MW20-501 and MW11-128

(Table 4).

PCE was detected in the overburden groundwater samples collected from CH108-MW01, MW10-302,

MW10-303, MW10-304, MW10-340, and MW10-406, in one or more of the monitoring rounds. Figure 1

presents the isoconcentration map of the overburden PCE plume, as defined in the RI with the April and
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August 2011 concentrations also depicted for comparison, and the 2011 5 ug/L isoconcentration shown

for comparison.. Figure 2 presents the relatively high concentrations of PCE through time in the

overburden source area well (CH108-MW01) and Figure 3 presents the relatively low concentrations of

PCE through time in the overburden downgradient wells (MW10-302, -303, -304, -340,- 406, and MW20-

501). With this limited time-series data, in general it appears an increasing trend in the source area and a

decreasing trend elsewhere. It should be noted that these apparent trends may not be statistically

significant.

TCE and cis-1,2-DCE were detected at CH108-MW01, MW10-302, MW10-303 and MW10-304. In the

overburden groundwater samples, VC was only detected in CH108-MW01, in the center of the plume

(Table 4).

Methane was detected at one location, MW10-302, during the fall 2011 event. There were no other

detections of methane, ethane, and ethene in the overburden groundwater samples. In April, three

samples had DO concentrations below 2 mg/L: MW10-302, MW10-303, and MW20-501. The lowest

ORP value was -37.1 mV at MW10-303. No other ORP values were below 65 mV (Table 2-A). In the fall,

five overburden locations had DO concentrations below 2 mg/L and two of these locations (MW10-303

and MW10-304) had ORP values below 65 mV (Table 2-B). The field data still suggest that highly

reducing conditions (favorable for anaerobic biodegradation) in the overburden groundwater may occur in

the southern portion of the Site, in the area of the East Mat Ditch.

The PCE plume and concentrations in the overburden groundwater are consistent or decreasing (Figure

1). The TCE, cis-1,2-DCE, and VC plumes in the overburden groundwater continue to be much more

limited in extent than the PCE plume and the detected concentrations are similar to prior events. The

analytical data (between 1999 and 2011) indicate a decrease in the extent of the plume on its western

flank (MW10-302) and southern edge (MW10-303). The data indicate a slight increase (0.87 µg/L, 3.5

µg/L, 5.6 µg/L, and 8.75 µg/L) in the extent of the plume on its eastern flank (MW10-304), and near the

source area (CH108-MW01). Overall, these are not considered significant changes to the extent of the

overburden plume.

Bedrock Sampling Results

Ten bedrock monitoring wells were sampled in April 2011 and twelve bedrock wells were sampled in

August 2011. PCE was detected in the groundwater samples from 11 of the 12 wells during one or more

of the sampling events (Table 4). Figure 4 presents the isoconcentration map of the bedrock PCE plume,

as defined in the RI, with the spring and fall 2011 concentrations also depicted for comparison, and the

2011 5 ug/L isoconcentration shown for comparison. PCE was consistently not detected in MW-407D1
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and detected at a low concentration (0.11J µg/L) during the fall 2011 event only at MW10-407D2,

indicating the plume remains bounded in the southeast direction, south of the East Mat Ditch. During

2011, PCE was detected at low concentrations (generally below 1 µg/L) to the south/southwest in MW10-

406D1, MW10-406D2, MW10-411D1, and MW20-504D. During previous investigations, PCE was either

not detected or detected at similar low concentrations at these locations. The PCE concentration

increased from 6.3 µg/L to 13 µg/L at MW10-411D2, a deep bedrock well south of the East Mat Ditch.

However, there is a sentinel well beyond this location (MW20-504D) where concentrations are stable.

The concentrations of PCE in the center of the plume (MW10-405D1/D2) initially decreased, 4000/8900

µg/L (2006) to 3900/5600 µg/L (2007), and then increased 5800/9800 µg/L (fall 2011). The

concentrations of PCE near the center of the plume (MW10-302D) increased from 1600 µg/L (2004), to

2400 µg/L (spring 2011), and then decreased to 1800 µg/L (fall 2011). The concentrations of PCE at the

eastern portion of the plume (MW10-304D) increased: 5.4 µg/L (2004), 9.1 U µg/L (2006), 35 µg/L (spring

2011), and 41 J µg/L (fall 2011). PCE concentrations north of the center of the plume (MW10-408D1),

decreased between 2006 (120 µg/L) and 2007 (18 µg/L) increased slightly to 30 µg/L (spring 2011) and

decreased to 6.3 J µg/L (fall 2011).

Figures 5 presents the relatively high concentrations of PCE through time in the bedrock (MW10-302D,

MW10-405D1, and MW10-405D2) and Figure 6 presents the relatively low concentrations of PCE through

time in the bedrock (MW10-304D, 406D1, 406D2, 407D1, 407D2, 408D1, 411D1, 411D2, and MW20-

504D).

TCE was detected at 10 locations: MW10-302D, MW10-304D, MW10-405D1, MW10-405D2, MW10-

406D1, MW10-406D2, MW10-407D1, MW10-407D2, MW10-408D1, MW10-411D1, and MW10-411D2.

During 2011, TCE was detected at low concentrations (below 1 µg/L) at MW10-304D, MW10-406D1,

MW10-406D2, MW10-407D1, MW10-407D2, MW10-411D1, and MW10-411D2. During previous

investigations, TCE was either not detected or detected at similar low concentrations at these locations.

The TCE concentrations have followed similar trends as the PCE concentrations in the bedrock

groundwater.

Cis-1,2-DCE was previously detected at four locations (MW10-302D, MW10-405D1, MW10-405D2, and

MW10-408D1). During the spring and fall 2011 events, cis-1,2-DCE was detected at one additional

location, MW10-304D (0.25 J µg/L and 0.38 J µg/L). VC was detected near the center of the plume

(MW10-405D2 and MW10-302D) at low concentrations (0.61 J µg/L and 0.031 J µg/L, respectively)

during 2011. VC was not detected at any other bedrock locations.

Methane, ethane, and ethene were not detected in the bedrock groundwater samples. During both
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rounds, the majority of bedrock locations had DO concentrations below 2 mg/L (Table 2-A and Table 2-

B). In April, the lowest ORP value was -57.9 mV (MW10-407D1). Three other bedrock locations, MW10-

406D1, MW10-407D2, and MW10-408D1 had low positive ORP values (below 65 mV). In August, these

same four locations and MW10-411D2 had negative ORP values (all less than -41.4 mV). In addition,

MW10-405D1 and MW10-411D1 had positive ORP values less than 65 mV. The data still suggest that

reducing conditions in the bedrock groundwater may occur at the fringes of the plume.

The PCE plume and concentrations in the bedrock groundwater are slightly decreasing to the north,

variable within the source area, consistent to the southeast and southwest and increasing or consistent to

the south (Figure 4). The TCE, cis-1,2-DCE, and VC plumes in the bedrock groundwater continue to be

much more limited in extent than the PCE plume and the detected concentrations are similar. The

analytical data (between 2004 and 2011) suggest a slight increase in concentrations of the plume on its

eastern flank (MW-304D), and south of the source area (MW10-302D). Concentrations of the bedrock

plume are generally consistent south of the East Mat Ditch and contracting north of the source area. It

should be noted that these apparent trends may not be statistically significant.

The bedrock groundwater results to date indicate that the extent of the plume is generally consistent to

the southeast and southwest, slightly expanding to the south and east, and contracting to the north.

Within the source area in the bedrock the concentrations are variable. Overall, these data do not suggest

a significant shift in the bedrock plume configuration.
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TABLE 1

 GROUNDWATER SAMPLING LOCATIONS

SOLVENT RELEASE AREA 

FORMER NAS SOUTH WEYMOUTH

WEYMOUTH, MASSACHUSETTS

Monitoring Well

Screened 

Interval   

(ft bgs) Rationale

CH108-MW01 8-13 GW quality in the source area.

SRA-MW-3021 5-10 GW quality downgradient (southwest) of the source area, 
within the 10 µg/L PCE contour.  

SRA-MW-304 14-24 GW quality downgradient (southeast) of the source area, north 
of the East Mat Ditch.  Below the 5 µg/L PCE contour.

SRA-MW-303 5-15 GW quality downgradient of source area.  Monitoring well 
located within the 100 µg/L PCE contour and north of the East 
Mat Ditch.  

SRA-MW-340 23-28 GW quality downgradient (southeast) of the source area, east 
of MW-304, north of the East Mat Ditch.  Beyond the  5 µg/L 
PCE contour.

SRA-MW10-406 4-8 GW quality downgradient of  the source area (southwest) and 
north of the East Mat Ditch to evaluate whether the plume is 
expanding.  

SRA-MW20-501 3.7-13.7 GW quality downgradient (southwest)  to evaluate whether the 
distal ends of the plume are stable.

MW11-1281 5-10 GW quality downgradient of the East Mat Ditch to check that 
contaminants are not by-passing the ditch.  

SRA-MW10-408D11 29-39 GW quality upgradient of source area.  PCE detected but it 
was determined this was due to the large volume of water 
withdrawn during drilling and development.  Sampled twice, 
2006 and 2007, and PCE concentrations decreased from 
2006 to 2007.  Collect sample to continue monitoring.  

SRA-MW-302D1 20-30 GW quality downgradient of the source area and within the 
1,000 µg/L contour.  

SRA-MW-304D 35-45 GW quality downgradient of the source area (southeast) and 
north of the East Mat Ditch.  

SRA-MW10-405D1 25-35 GW quality in the source area.

SRA-MW10-405D2 68-78 GW quality in the source area.

SRA-MW10-406D1 20-30 GW quality downgradient of the source area (southwest) and 
north of the East Mat Ditch (shallow bedrock) to evaluate 
whether the plume is expanding.SRA-MW10-406D2 68-78 GW quality downgradient of the source area (southwest) and 
north of the East Mat Ditch (deep bedrock) to evaluate 
whether the plume is expanding.

SRA-MW10-407D1 11-21 GW quality downgradient of the East Mat Ditch (shallow 
bedrock) to evaluate whether the plume is expanding.

SRA-MW10-407D2 89.6-99.6 GW quality downgradient of the East Mat Ditch (deep 
bedrock) to evaluate whether the plume is expanding.

SRA-MW10-411D1 17-27 GW quality downgradient of the East Mat Ditch to evaluate 
whether the plume is expanding.SRA-MW-411D2 93-103 GW quality downgradient of the East Mat Ditch.  Check 
whether the bedrock PCE concentrations at this location have 
changed.  

SRA-MW20-504D1 18.6-38.6 GW quality downgradient of the East Mat Ditch to evaluate 
whether the plume is expanding.

Bedrock Groundwater 

Sample Locations

Overburden 

Groundwater Sample 

Locations

W5211759D 1 CTO WE11



TABLE 2A

GROUNDWATER SAMPLE FINAL FIELD PARAMETERS (SPRING 2011)

SOLVENT RELEASE AREA 

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

Well ID
Sample 

Date

Depth 

Sampled

Pump Type 

Bladder/ 

Perislatic

Time Of 

Reading

Water 

Depth 

Below MP 

(ft)

Purge 

Rate 

(mL/min)

Cum. 

Volume 

Purged 

(gal)

Temp (oC)

Spec. 

Cond. 

(mS/cm)

pH ORP (mV) DO (mg/L)
Turbidity 

(NTU)

755 0.40 350 1.0 9.31 30 6.03 161.1 5.62 69.9

900 0.40 350 8.0 9.51 20 5.94 168.5 6.48 11.9

1210 3.52 100 9.01 72 5.94 179.1 4.04 23.3

1325 3.55 100 2.0 9.42 62 5.89 178.9 1.47 4.71

820 4.65 160 8.96 256 5.63 178.5 6.40 165.0

945 4.85 160 3.0 9.67 270 6.28 166.3 3.77 4.86

1510 4.71 225 0.4 9.08 413 6.32 3.5 1.98 2488.0

1705 4.75 225 6.5 7.66 158 6.11 -37.1 1.89 18.5

1325 6.65 120 9.66 278 6.94 21.6 7.22 377.0

1425 6.65 100 1.5 9.81 276 6.69 89.4 1.11 9.42

945 5.95 100 10.48 214 9.17 103.3 7.24 204.0

1130 7.67 180 4.3 10.05 284 7.80 93.2 2.39 9.61

835 2.48 150 0.5 7.57 162 5.94 184.2 6.43 54.10

955 2.53 200 5.5 6.60 143 5.87 194.4 4.57 4.43

1150 5.91 60 0.3 8.57 441 7.92 63.5 1.82 8.90

1250 12.41 50 1.3 8.95 366 7.83 62.7 1.45 3.84

1140 4.72 40 0.3 9.54 1102 7.39 196.4 1.92 5.41

1515 27.96 40 2.5 11.72 558 7.49 1141.2 0.75 4.71

1430 0.62 50 0.3 13.01 722 11.72 -9.1 1.74 41.30

1550 0.62 50 1.8 11.91 630 11.71 -57.9 0.58 7.86

1145 5.45 35 0.3 10.79 7511 6.80 -27.2 5.44 12.30

1305 13.52 35 0.8 10.63 10119 7.29 27.9 1.32 2.66

830 NR 75 0.3 7.58 394 6.92 151.5 2.02 8.54

920 4.11 75 1.0 8.26 371 7.02 15.7 0.54 1.71

1240 2.25 100 12.81 323 6.86 115.4 1.91 88.30

1355 2.00 70 1.5 15.05 329 6.97 85.7 1.06 12.20

1430 0.70 70 14.46 273 7.58 94.7 5.43 4.43

1525 0.80 70 0.5 10.38 16 7.41 102.6 0.82 1.22

1340 1.10 100 10.28 677 6.37 205.5 1.19 53.20

1500 0.95 100 2.8 11.14 1000 6.29 153.6 0.49 27.60

915 1.75 150 9.46 1061 7.99 156.0 3.82 >1000

1010 1.77 150 3.5 10.90 955 8.52 142.7 1.63 61.10

Bladder

43 Bladder

MW10-406 4/12/2011 8 Bladder

MW10-304D 4/12/2011

4/15/2011MW11-128 Bladder6

MW10-302 4/14/2011 10

MW10-406D1 4/14/2011 30 Microbladder

Microbladder

MW10-302D 4/14/2011 30 Bladder

MW10-303 4/15/2011 13 Bladder

MW10-304 4/12/2011 24

MW10-406D2 4/12/2011 78 Microbladder

MW10-407D1 4/14/2011 19 Microbladder

MW10-407D2 4/15/2011 98 Microbladder

MW10-408D1 4/14/2011 39 Microbladder

MW10-411D1 4/11/2011 15 Microbladder

MW10-411D2 4/15/2011 101 Microbladder

MW20-501 4/11/2011 15 Bladder

MW20-504D 4/15/2011 37 Bladder

W5211759D CTO WE11



TABLE 2B

GROUNDWATER SAMPLE FINAL FIELD PARAMETERS (FALL 2011)

SOLVENT RELEASE AREA 

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

Well ID
Sample 

Date

Depth 

Sampled

Pump Type 

Bladder/ 

Perislatic

Time Of 

Reading

Water 

Depth 

Below MP 

(ft)

Purge 

Rate 

(mL/min)

Cum. 

Volume 

Purged 

(gal)

Temp (oC)

Spec. 

Cond. 

(mS/cm)

pH ORP (mV) DO (mg/L)
Turbidity 

(NTU)

945 9.85 50 0.3 15.73 280 6.42 98.8 4.18 214

1050 9.87 50 1.2 15.93 338 6.37 88.3 4.12 82.6

1300 1.00 430 0.5 23.53 23 5.75 136.1 6.19 14.2

1345 0.80 235 3.0 23.49 20 5.48 155.6 5.01 2.4

1235 9.04 80 0.3 20.73 114 5.88 103.4 2.30 95.9

1425 9.35 70 2.1 20.73 137 5.75 100.8 0.76 33.70

850 9.39 100 0.2 15.81 234 6.01 158.5 4.64 28.1

1050 9.72 115 3.0 14.60 257 6.22 137.5 2.71 9.21

830 6.65 350 0.5 16.67 216 5.48 72.6 1.07 74

910 6.55 260 3.0 16.73 226 5.80 10.2 0.23 40.5

1500 10.80 180 1.5 14.86 270 7.16 74.2 0.72 156

1610 10.80 135 3.8 15.10 264 7.21 2.2 0.17 96

1105 10.44 100 0.3 14.65 253 7.17 137.0 1.99 47.2

1307 10.72 110 4.0 16.00 235 7.27 88.0 1.93 12

1230 9.00 230 0.5 12.99 108 5.62 174.1 7.66 2592

1420 9.00 220 6.0 12.21 121 6.18 133.7 7.56 2.81

810 8.66 60 0.3 15.02 399 6.85 69.3 3.36 13.4

850 8.77 55 0.8 14.56 393 7.14 51.1 1.76 0.22

1425 7.90 100 0.3 14.69 300 6.95 132.6 2.43 12

1510 7.90 100 1.4 13.77 300 7.19 125.4 1.22 0

1135 6.50 170 0.3 18.20 159 5.72 142.9 1.36 20.4

1210 6.50 180 2.0 15.18 144 5.67 166.9 0.15 2.48

1045 9.80 50 0.3 14.80 410 7.65 -180.4 1.67 8.45

1130 16.45 60 1.4 13.72 284 7.82 -215.2 0.60 0.46

1325 7.55 50 0.2 17.23 691 7.57 -37.5 3.45 4.47

1515 15.66 50 1.0 16.45 693 7.66 -41.4 0.70 1.95

930 0.88 80 0.3 20.83 723 11.40 90.5 0.79 15.6

1025 0.90 85 2.0 20.18 907 11.49 60.6 0.44 3.24

1510 4.45 80 0.1 24.60 8646 8.00 -106.7 6.98 8.11

1655 29.41 80 2.0 16.49 13084 7.37 -63.4 0.61 3.65

855 7.60 75 0.3 13.61 402 6.98 -186.1 1.99 4.94

945 7.74 75 1.2 13.00 378 7.17 -139.0 0.72 1.21

910 2.70 50 0.2 21.44 306 6.97 65.1 1.46 4.89

1000 2.81 50 1.0 20.85 299 7.10 8.2 0.58 5.34

1200 1.40 50 0.2 26.81 328 7.45 -152.7 4.24 17.0

1325 1.40 50 1.3 21.10 1521 7.49 -120.8 0.97 0

835 1.60 110 0.3 20.36 802 6.41 83.6 1.80 225

1030 1.60 100 3.5 19.81 1146 0.63 69.4 0.38 25

840 2.07 140 0.3 20.32 2108 7.24 150.3 1.94 >2000

1035 2.16 140 4.0 20.53 546 7.60 87.9 0.39 17.90

MW20-501 9/1/2011 12 Bladder

MW20-504D 8/30/2011 37 Bladder

MW10-411D1 8/31/2011 15 Microbladder

MW10-411D2 8/31/2011 101 Microbladder

MW10-407D2 8/29/2011 98 Microbladder

MW10-408D1 8/30/2011 39 Microbladder

MW10-406D2 8/29/2011 78 Microbladder

MW10-407D1 8/29/2011 19 Microbladder

Microbladder

Microbladder

MW10-302D 8/30/2011 30 Bladder

MW10-303 8/31/2011 13 Bladder

MW10-304 8/29/2011 24

MW10-302 8/30/2011 10

MW10-406D1 8/29/2011 30

MW10-406 9/1/2011 8 Bladder

MW10-304D 8/29/2011

MW10-405D1 9/1/2011 35 Microbladder

MW10-405D2 8/31/2011 78 Microbladder

CH108-MW01 9/1/2011 13 Bladder

MW10-340 8/31/2011 27 Bladder

Bladder

43 Bladder

8/30/2011MW11-128 Bladder6

W5211759D CTO WE11



TABLE 3-A

ANALYTICAL RESULTS FOR PARAMETERS DETECTED IN GROUNDWATER - SPRING 2011

SOLVENT RELEASE AREA

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

PAGE 1 OF 2

SAMPLE ID SRA-GW-

MW10-302-

0411

SRA-GW-

MW10-302D-

0411

SRA-GW-

MW10-302D-

0411-D

SRA-GW-

MW10-302D-

0411-AVG

SRA-MW10-

303-0411

SRA-GW-

MW10-304-

0411

SRA-GW-

MW10-304D-

0411

SRA-GW-

MW10-406-

0411

SRA-GW-

MW10-406-

0411-D

SRA-GW-

MW10-406-

0411-AVG

LOCATION ID MW10-302 MW10-302D MW10-302D MW10-302D MW10-303 MW10-304 MW10-304D MW10-406 MW10-406 MW10-406 

SAMPLE DATE 04/14/11 04/14/11 04/14/11 04/14/11 04/15/11 04/12/11 04/12/11 04/12/11 04/12/11 04/12/11

SACODE NORMAL ORIG DUP AVG NORMAL NORMAL NORMAL ORIG DUP AVG

VOLATILES (UG/L)

1,2-DICHLOROETHANE 0.025  U 0.025  UJ 0.025  UJ 0.025  UJ 0.5  U 0.025  U 0.025  U 0.025  U 0.025  UJ 0.025  UJ

CHLOROFORM 0.025  UJ 0.088  J 0.086  J 0.087  J 0.5  U 0.025  UJ 0.025  UJ 0.025  UJ 0.025  UJ 0.025  UJ

CIS-1,2-DICHLOROETHENE 0.5  U 20 23 21.5 3.4 0.25  J 0.22  J 0.5  U 0.5  U 0.5  U

TETRACHLOROETHENE 0.3 2400 2500 2450 28 5.6 35 0.28  U 0.38  J 0.26  J

TOTAL 1,2-DICHLOROETHENE 0.5  U 20.5  J 23.7  J 22.1  J 3.4 0.25  J 0.22  J 0.5  U 0.5  U 0.5  U

TRANS-1,2-DICHLOROETHENE 0.5  U 0.5  J 0.67  J 0.585  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

TRICHLOROETHENE 0.025  U 13 13 13 5.7 0.5 0.58 0.025  U 0.025  UJ 0.025  UJ

VINYL CHLORIDE 0.025  U 0.031  J 0.029  J 0.03  J 0.5  UJ 0.025  U 0.025  U 0.025  U 0.025  UJ 0.025  UJ

MISCELLANEOUS PARAMETERS 

(MG/L)
ALKALINITY 26 74 73 73.5 NA NA NA NA NA NA

CHLORIDE 3.6 29 29 29 NA NA NA NA NA NA

NITRATE NA 0.45  J 0.46  J 0.455  J NA NA NA NA NA NA

NITRITE/NITRATE-N 0.089 NA NA NA NA NA NA NA NA NA

ORTHOPHOSPHATE-P 0.017  J 0.039  J 0.056  J 0.0475  J NA NA NA NA NA NA

SULFATE 0.5  U 12 12 12 NA NA NA NA NA NA

TOTAL ORGANIC CARBON 10 1.2 1.2 1.2 NA NA NA NA NA NA

FIELD (MG/L)

FERROUS IRON 0.06 0.03  U 0.03  U 0.03  U NA NA NA NA NA NA

W5211759D
BLACK SHADING - CRITERION EXCEEDED; GREY SHADING - DETECTED; U - NOT DETECTED; UJ - DETECTION LIMIT APPROXIMATE;

J - QUANTITATION LIMIT APPROXIMATE; R - REJECTED; NA - NOT ANALYZED CTO WE11



TABLE 3-A

ANALYTICAL RESULTS FOR PARAMETERS DETECTED IN GROUNDWATER - SPRING 2011

SOLVENT RELEASE AREA

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

PAGE 2 OF 2

SAMPLE ID

LOCATION ID

SAMPLE DATE

SACODE

VOLATILES (UG/L)

1,2-DICHLOROETHANE

CHLOROFORM

CIS-1,2-DICHLOROETHENE

TETRACHLOROETHENE

TOTAL 1,2-DICHLOROETHENE

TRANS-1,2-DICHLOROETHENE

TRICHLOROETHENE

VINYL CHLORIDE

MISCELLANEOUS PARAMETERS 

(MG/L)
ALKALINITY

CHLORIDE

NITRATE

NITRITE/NITRATE-N

ORTHOPHOSPHATE-P

SULFATE

TOTAL ORGANIC CARBON

FIELD (MG/L)

FERROUS IRON

SRA-GW-

MW10-406D1-

0411

SRA-GW-

MW10-406D2-

0411

SRA-GW-

MW10-407D1-

0411

SRA-GW-

MW10-407D2-

0411

SRA-GW-

MW10-408D1-

0411

SRA-GW-

MW10-411D1-

0411

SRA-GW-

MW10-411D2-

0411

SRA-GW-

MW11-128-

0411

SRA-GW-

MW20-501-

0411

SRA-GW-

MW20-504D-

0411

MW10-406D1 MW10-406D2 MW10-407D1 MW10-407D2 MW10-408D1 MW10-411D1 MW10-411D2 MW11-128 SRA-MW20-

501

SRA-MW20-

504D

04/14/11 04/12/11 04/14/11 04/15/11 04/14/11 04/11/11 04/15/11 04/15/11 04/11/11 04/15/11

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL

0.5  U 0.025  U 0.025  U 0.5  U 0.025  U 0.039  J 0.25  U 0.5  U 0.025  U 0.5  U

0.5  U 0.025  U 0.025  UJ 0.5  U 0.18 0.025  U 0.25  U 0.5  U 0.025  U 0.5  U

0.5  U 0.5  U 0.5  U 0.5  U 1.8 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

2.1 0.3 0.045  UJ 0.5  U 30 0.11  UJ 12 0.5  U 0.025  U 0.42  J

0.5  U 0.5  U 0.5  U 0.5  U 1.8 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

0.89  J 0.061 0.025  U 0.72  J 3.5 0.043  J 0.25  U 0.5  U 0.025  U 0.5  U

0.5  U 0.025  U 0.025  UJ 0.5  U 0.025  U 0.025  U 0.25  UJ 0.5  U 0.025  U 0.5  U

NA NA NA NA 92 NA NA 9 NA 40

NA NA NA NA 44 NA NA 3.8 NA 82

NA NA NA NA 0.054  J NA NA NA NA NA

NA NA NA NA NA NA NA 0.04  J NA 0.037  J

NA NA NA NA 0.087  J NA NA 0.022  J NA 0.18  J

NA NA NA NA 19 NA NA 1.5 NA 7.8

NA NA NA NA 1.1 NA NA 1 NA 2.4

NA NA NA NA 0.03 NA NA 0.07 NA 0.3

W5211759D
BLACK SHADING - CRITERION EXCEEDED; GREY SHADING - DETECTED; U - NOT DETECTED; UJ - DETECTION LIMIT APPROXIMATE;

J - QUANTITATION LIMIT APPROXIMATE; R - REJECTED; NA - NOT ANALYZED CTO WE11



TABLE 3-B

ANALYTICAL RESULTS FOR PARAMETERS DETECTED IN GROUNDWATER - FALL 2011

SOLVENTS RELEASE AREA

NAS SOUTH WEYMOUTH

SOUTH WEYMOUTH, MASSACHUSETTS

PAGE 1 OF 3

SAMPLE ID SRA-GW-

CH108MW01-

0911

SRA-GW-

MW10302-

0811

SRA-GW-

MW10302D-

0811

SRA-GW-

MW10303-

0811

SRA-GW-

MW10304-

0811

SRA-GW-

MW10304-

0811-D

SRA-GW-

MW10304-

0811-AVG

SRA-GW-

MW10304D-

0811

SRA-GW-

MW10340-

0811

SRA-GW-

MW10405D1-

0911

SRA-GW-

MW10405D2-

0811

LOCATION ID CH108-MW 01 MW10-302 MW10-

302D

MW10-303 MW10-304 MW10-304 MW10-304 MW10-

304D

MW10-340 MW10-405D1 MW10-405D2

SAMPLE DATE 09/01/11 08/30/11 08/30/11 08/31/11 08/29/11 08/29/11 08/29/11 08/29/11 08/31/11 09/01/11 08/31/11

SACODE NORMAL NORMAL NORMAL NORMAL ORIG DUP AVG NORMAL NORMAL NORMAL NORMAL

VOLATILES (UG/L)

1,1-DICHLOROETHENE 0.58  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

CHLOROFORM 0.35  J 0.025  U 0.5  U 0.05  U 0.025  U 0.025  U 0.025  U 0.015  J 0.025  U 0.5  U 0.5  U

CIS-1,2-DICHLOROETHENE 790 0.5  U 15 4.3 0.47  J 0.47  J 0.47  J 0.38  J 0.5  U 97 250

TETRACHLOROETHENE 18000 28 1800 36  J 9.3 8.2  J 8.75  J 41  J 0.46  J 5800 9800

TOTAL 1,2-DICHLOROETHENE 804 0.5  U 15.4  J 4.3 0.47  J 0.47  J 0.47  J 0.38  J 0.5  U 98.8 255

TRANS-1,2-DICHLOROETHENE 14 0.5  U 0.38  J 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 1.8 5.1

TRICHLOROETHENE 140 0.16  J 6.9 12  J 0.43 0.33 0.38 0.56  J 0.025  U 31 82

VINYL CHLORIDE 0.35  J 0.025  U 0.5  U 0.05  U 0.025  U 0.025  U 0.025  U 0.05  UJ 0.025  U 0.5  U 0.61  J

VOLATILE GASES (UG/L)

METHANE NA 39 2  U NA NA NA NA NA NA NA NA

MISCELLANEOUS PARAMETERS 

(MG/L)

ALKALINITY NA 37 74 NA NA NA NA NA NA NA NA

AMMONIA NA 0.061  J 0.05  U NA NA NA NA NA NA NA NA

CHLORIDE NA 9.1 26 NA NA NA NA NA NA NA NA

NITRATE-N NA 0.32 0.41 NA NA NA NA NA NA NA NA

NITRITE-N NA 0.0035  J 0.025  U NA NA NA NA NA NA NA NA

ORTHOPHOSPHATE-P NA 0.03  J 0.024  J NA NA NA NA NA NA NA NA

SULFATE NA 15  J 14  J NA NA NA NA NA NA NA NA

TOTAL ORGANIC CARBON NA 7.6 1.9  U NA NA NA NA NA NA NA NA

W_ SHADING - DETECTED; U - NOT DETECTED; J - QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT ANALYZED CTO WE11



TABLE 3-B

ANALYTICAL RESULTS FOR PARAMETERS DETECTED IN GROUNDWATER - FALL 2011

SOLVENTS RELEASE AREA

NAS SOUTH WEYMOUTH

SOUTH WEYMOUTH, MASSACHUSETTS

PAGE 2 OF 3

SAMPLE ID

LOCATION ID

SAMPLE DATE

SACODE

VOLATILES (UG/L)

1,1-DICHLOROETHENE

CHLOROFORM

CIS-1,2-DICHLOROETHENE

TETRACHLOROETHENE

TOTAL 1,2-DICHLOROETHENE

TRANS-1,2-DICHLOROETHENE

TRICHLOROETHENE

VINYL CHLORIDE

VOLATILE GASES (UG/L)

METHANE

MISCELLANEOUS PARAMETERS 

(MG/L)

ALKALINITY

AMMONIA

CHLORIDE

NITRATE-N

NITRITE-N

ORTHOPHOSPHATE-P

SULFATE

TOTAL ORGANIC CARBON

SRA-GW-

MW10406-

0911

SRA-GW-

MW10406D1-

0811

SRA-GW-

MW10406D2-

0811

SRA-GW-

MW10407D1-

0811

SRA-GW-

MW10407D2-

0811

SRA-GW-

MW10408D1-

0811

SRA-GW-

MW10411D1-

0811

SRA-GW-

MW10411D2-

0811

SRA-GW-

MW11-128-

0811

SRA-GW-

MW11-128-

0811-D

MW10-406 MW10-406D1 MW10-406D2 MW10-407D1 MW10-407D2 MW10-408D1 MW10-411D1 MW10-411D2 MW11-128 MW11-128

09/01/11 08/29/11 08/29/11 08/29/11 08/29/11 08/30/11 08/31/11 08/31/11 08/30/11 08/30/11

NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL ORIG DUP

0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

0.018  J 0.025  U 0.025  U 0.025  U 0.013  J 0.19  J 0.025  U 0.025  U 0.025  U 0.025  U

0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 4 0.5  U 0.5  U 0.5  U 0.5  U

0.3  J 0.69 0.31  J 0.025  U 0.11  J 6.3  J 0.049  J 13  J 0.025  U 0.025  UJ

0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 4 0.5  U 0.5  U 0.5  U 0.5  U

0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U 0.5  U

0.025  U 0.11 0.16 0.054 0.11  J 2.3  J 0.081  J 0.15  J 0.025  U 0.025  U

0.025  U 0.025  U 0.025  U 0.025  U 0.025  U 0.025  U 0.025  U 0.025  U 0.025  U 0.025  U

NA NA NA NA NA 2  UJ NA NA 2  U 2  U

NA NA NA NA NA 93 NA NA 9.1 9

NA NA NA NA NA 0.05  U NA NA 0.05  U 0.05  U

NA NA NA NA NA 46 NA NA 5.6 6.3

NA NA NA NA NA 0.07 NA NA 0.025  U 0.025  U

NA NA NA NA NA 0.025  U NA NA 0.025  U 0.025  U

NA NA NA NA NA 0.069 NA NA 0.02  J 0.029  J

NA NA NA NA NA 16  J NA NA 1.5  UJ 1.9  UJ

NA NA NA NA NA 2.1  U NA NA 1  U 1  U

W_ SHADING - DETECTED; U - NOT DETECTED; J - QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT ANALYZED CTO WE11



TABLE 3-B

ANALYTICAL RESULTS FOR PARAMETERS DETECTED IN GROUNDWATER - FALL 2011

SOLVENTS RELEASE AREA

NAS SOUTH WEYMOUTH

SOUTH WEYMOUTH, MASSACHUSETTS

PAGE 3 OF 3

SAMPLE ID

LOCATION ID

SAMPLE DATE

SACODE

VOLATILES (UG/L)

1,1-DICHLOROETHENE

CHLOROFORM

CIS-1,2-DICHLOROETHENE

TETRACHLOROETHENE

TOTAL 1,2-DICHLOROETHENE

TRANS-1,2-DICHLOROETHENE

TRICHLOROETHENE

VINYL CHLORIDE

VOLATILE GASES (UG/L)

METHANE

MISCELLANEOUS PARAMETERS 

(MG/L)

ALKALINITY

AMMONIA

CHLORIDE

NITRATE-N

NITRITE-N

ORTHOPHOSPHATE-P

SULFATE

TOTAL ORGANIC CARBON

SRA-GW-

MW11-128-

0811-AVG

SRA-GW-

MW20501-

0911

SRA-GW-

MW20504D-

0811

MW11-128 SRA-MW20-

501

SRA-MW20-

504D

08/30/11 09/01/11 08/30/11

AVG NORMAL NORMAL

0.5  U 0.5  U 0.5  U

0.025  U 0.025  U 0.025  UJ

0.5  U 0.5  U 0.5  U

0.025  UJ 0.025  U 0.58  J

0.5  U 0.5  U 0.5  U

0.5  U 0.5  U 0.5  U

0.025  U 0.025  U 0.025  UJ

0.025  U 0.025  U 0.025  UJ

2  U NA 2  U

9.05 NA 39

0.05  U NA 0.05  U

5.95 NA 97

0.025  U NA 0.025  U

0.025  U NA 0.025  U

0.0245  J NA 0.19

1.7  UJ NA 6.9  J

1  U NA 1  U

W_ SHADING - DETECTED; U - NOT DETECTED; J - QUANTITATION APPROXIMATE; R - REJECTED; NA - NOT ANALYZED CTO WE11



TABLE 4

GROUNDWATER DATA COMPARISON (2004 - 2011)

SOLVENT RELEASE AREA 

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

MONITORING WELL PARAMETER (µg/L) 2004(2)
2006/2007 RI or 

2009 Supp. RI Spring 2011 Fall 2011

TETRACHLOROETHENE 14000* 11500/16000 NA 18000

TRICHLOROETHENE 280* 130 J/500 U NA 140

CIS-1,2-DICHLOROETHENE 1500* 445 J/785 NA 790

VINYL CHLORIDE ND* 3.3 J/500 U NA 0.35 J

TETRACHLOROETHENE 270 60 0.3 28

TRICHLOROETHENE 0.35 0.3  U 0.025 U 0.16 J

CIS-1,2-DICHLOROETHENE 0.48 J 2.5  UJ 0.5 U 0.5 U

VINYL CHLORIDE 1 U 0.3  U 0.025 U 0.025 U

TETRACHLOROETHENE 255 120 28 36 J

TRICHLOROETHENE 13 19 5.7 12 J

CIS-1,2-DICHLOROETHENE 1.5 4.1 3.4 4.3

VINYL CHLORIDE 1 U 0.4  U 0.5 UJ 0.05 U

TETRACHLOROETHENE 0.87 J 3.5 5.6 8.75 J

TRICHLOROETHENE 1 U 0.36 0.5 0.38

CIS-1,2-DICHLOROETHENE 1 U 0.5  U 0.25 J 0.47 J

VINYL CHLORIDE 1 U 0.1  U 0.025 U 0.025 U

TETRACHLOROETHENE 1 U 1.9 U NA 0.46 J

TRICHLOROETHENE 1 U 0.1 U NA 0.025 U

CIS-1,2-DICHLOROETHENE 1 U4 0.5  U NA 0.5 U

VINYL CHLORIDE 1 U 0.1  U NA 0.025 U

TETRACHLOROETHENE NA 1.06  U 0.28 U 0.3 J

TRICHLOROETHENE NA 0.1  U 0.025 U 0.025 U

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  U 0.025 U 0.025 U

TETRACHLOROETHENE NA 0.06  UJ 0.025 U 0.025 UJ

TRICHLOROETHENE NA 0.05  UJ 0.025 U 0.025 U

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.05  UJ 0.025 U 0.025 U

TETRACHLOROETHENE 1 U NA 0.5 U 0.025 UJ

TRICHLOROETHENE 1 U NA 0.5 U 0.025 U

CIS-1,2-DICHLOROETHENE 1 U4
NA 0.5 U 0.5 U

VINYL CHLORIDE 2 U NA 0.5 U 0.025 U

TETRACHLOROETHENE 1600 2100 2400 1800

TRICHLOROETHENE 1.7 7 13 6.9

CIS-1,2-DICHLOROETHENE 1.7 13 20 15

VINYL CHLORIDE 1 U 0.5  U 0.031 J 0.5 U

TETRACHLOROETHENE 5.4 9.1 U 35 41 J

TRICHLOROETHENE 1 U 0.21 0.58 0.56 J 

CIS-1,2-DICHLOROETHENE 1 U 0.5  U 0.25 J 0.38 J

VINYL CHLORIDE 1 U 0.1  U 0.025 U 0.05 UJ

TETRACHLOROETHENE NA 4000/3900 NA 5800

TRICHLOROETHENE NA 40 J/100 U NA 31

CIS-1,2-DICHLOROETHENE NA 54/100 U NA 97

VINYL CHLORIDE NA 77.5 U/100 U NA 0.5 U

TETRACHLOROETHENE NA 8900/5600 NA 9800

TRICHLOROETHENE NA 500 U/250 U NA 82

CIS-1,2-DICHLOROETHENE NA 500 U/170 J NA 250

VINYL CHLORIDE NA 500 U/250 U NA 0.61 J

OVERBURDEN WELLS

SRA-MW-302D1

SRA-MW-304D

SRA-MW-3021

SRA-MW-304

SRA-MW10-303

SRA-MW10-406

SRA-MW20-501

MW11-1281

BEDROCK WELLS

SRA-MW10-405D1

SRA-MW10-405D2

SRA-MW-340

CH108-MW01

W5211759 1 CTO WE11



TABLE 4

GROUNDWATER DATA COMPARISON (2004 - 2011)

SOLVENT RELEASE AREA 

FORMER NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS

MONITORING WELL PARAMETER (µg/L) 2004(2)
2006/2007 RI or 

2009 Supp. RI Spring 2011 Fall 2011

OVERBURDEN WELLSTETRACHLOROETHENE NA 0.88 2.1 0.69

TRICHLOROETHENE NA 0.14 0.89 J 0.11

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  U 0.5 U 0.025 U

TETRACHLOROETHENE NA 0.31 0.3 0.31 J

TRICHLOROETHENE NA 0.1  U 0.061 0.16

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  U 0.025 U 0.025 U

TETRACHLOROETHENE NA 0.1  U 0.045 UJ 0.025 U

TRICHLOROETHENE NA 0.1  U 0.025 0.054

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  U 0.025 UJ 0.025 U

TETRACHLOROETHENE NA 0.1  U 0.5 U 0.11 J

TRICHLOROETHENE NA 0.1  U 0.72 J 0.11 J

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  U 0.5 U 0.025 U

TETRACHLOROETHENE NA 120/18 30 6.3 J

TRICHLOROETHENE NA 0.4 U/4.9 3.5 2.3 J

CIS-1,2-DICHLOROETHENE NA 5  UJ/0.61 1.8 4

VINYL CHLORIDE NA 0.4  U/0.5 U 0.025 U 0.025 U

TETRACHLOROETHENE NA 0.25 J 0.11 UJ 0.049 J

TRICHLOROETHENE NA 0.1  UJ 0.043 J 0.081 J

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  UJ 0.025 U 0.025 U

TETRACHLOROETHENE NA 6.3 12 13 J

TRICHLOROETHENE NA 0.1  U 0.25 U 0.15 J

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5 U

VINYL CHLORIDE NA 0.1  U 0.25 UJ 0.025 U

TETRACHLOROETHENE NA 0.48  UJ 0.42 J 0.58 J

TRICHLOROETHENE NA 0.05  U 0.5 U 0.025 UJ

CIS-1,2-DICHLOROETHENE NA 0.5  U 0.5 U 0.5U

VINYL CHLORIDE NA 0.05  U 0.5 U 0.025 UJ

4) Value is Total-1,2-DCE
* = groundwater profiling data from 10-11 feet bgs
NA = Data not available for sampling date

SRA-MW10-406D1

SRA-MW10-406D2

1) Monitoring wells selected for collection of indicator parameters (methane, ethane, ethene, TOC, 
alkalinity, nitrate,nitrite, orthophosphate, chloride, sulfate, sulfide, and ammonia).  

3) Data collected during the 2006 RI and 2007 limited groundwater sampling event.  
2) MW11-128 data was collected in 1999, the remaining data was collected during 2004.

SRA-MW10-407D1

SRA-MW10-407D2

SRA-MW10-411D1

SRA-MW10-411D2

SRA-MW20-504D1

SRA-MW10-408D11,3

W5211759 2 CTO WE11
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Figure 2 - High Level Overburden  Groundwater PCE Concentrations 
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Figure 3 - Low Level Overburden  Groundwater PCE Concentrations 
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Figure 5 - High Level Bedrock Groundwater PCE Concentrations 
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Figure 6 - Low Level Bedrock Groundwater PCE Concentrations 
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ATTACHMENT A

FIELD DATA SHEETS







































































































































































































ATTACHMENT B

DATA VALIDATION MEMORANDA















TETRA TECH NUS, INC INTERNAL CORRESPONDENCE 

G-NA VY -06-11-4416W 

Date: 

To: 

From: 

Subject: 

June 13, 2011 c: File G02073-4.1 0 (w/enc.-original) 
D. Seiken (w/o enc.) 

Phoebe Gall (w/o enc.) 

Jennffer Cardinal (no copy) 4 (t- ') 
Tier II Organic/lnorganic Data Validation, SDG SRA-1 
Katahdin Analytical 
GTO WE11, Solvent Release Area, NAS South Weymouth, Weymouth, MA 

VOG: 
1 O/Groundwatersl SRA-GW-DUP01-041211 

SRA-GW-MW10-304D-0411 
SRA-GW-MW10-406D1-0411 
SRA-GW-MW10-407D1-0411 
SRA-GW-MW1 0-41101-0411 

(Field Duplicate Pair: 

SRA-GW-MW10-304-0411 
SRA-GW-MW10-406-0411 
SRA-GW-MW10-406D2-0411 
SRA-GW-MW10-407D2-0411 
SRA-GW-MW20-501-0411 

SRA-GW-MW10-406-0411/SRA-GW-DUP01-041211) 

2ITrip Blanks! SRA-GW-TB01-041111 SRA-GW-TB02-041411 

VOG/MEEITOGI Alkalinity/Nitrate/Nitrite/Phosphate/Ghloride/Sulfatel Ammonia/Sulfide: 
6/Groundwatersl SRA-GW -DUP02-041411 SRA-GW -MW 10-302-0411 

SRA-GW-MW10-302D-0411 SRA-GW-MW10-408D1-0411 
SRA-GW-MW11-128-0411 SRA-GW-MW20-504D-0411 

(Field Duplicate Pair: 
SRA-GW-MW10-302D-0411/SRA-GW-DUP02-041411) 

1/Rinsate Blank! SRA-GW-RB01-041511 

Tetra Tech NUS, Inc. (TtNUS) performed a Tier II data validation on the volatile organic compound 
(VOG); methane/ethane/ethene (MEE); total organic carbon (TOG), alkalinity, nitrate, nitrite, 
orthophosphate, chloride, sulfate, ammonia, and sulfide analytical data for the groundwater samples in 
this SDG. The samples were collected at the Solvent Release Area on April 11-15, 2011. Sample 
collection and analysis was performed according to the requirements of the Remedial Investigation Work 
Plan Addendum for Solvent Release Area (IR-11), Naval Air Station South Weymouth, Weymouth, MA, 
dated October 2009. 

The VOG analysis was performed according to USEPA SW-846 Method 8260B in the full scan mode and 
Method 8260B in the SIM mode. The MEE analysis was performed according to RSK SOP175. The VOG 
and MEE data validation was performed in accordance with the Region I EPA-NE Data Validation 
Functional Guidelines for Evaluating Environmental Analyses, December 1996. The criteria outlined in the 
Region I DV guidelines were applied for validation. 
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The TOC analysis was performed according to EPA Method 415.1. The alkalinity analysis was performed 
according to EPA Method 310.1. The orthophosphate, sulfide, and chloride analyses were all performed 
according to Standard Method 4500. The sulfate analysis was performed according to ASTM 516-90. The 
ammonia analysis was performed according to EPA Method 350.1. The nitrate and nitrite analyses were 
performed according to EPA Methods 353.2 and alternately by Method 300.0 (see laboratory Data 
Completeness below for further details). The TOC, alkalinity, nitrate, nitrite, orthophosphate, chloride, 
sulfate, ammonia, and sulfide data validation was performed for the parameters listed below in 
accordance with the Region I EPA-NE Data Validation Functional Guidelines for Evaluating Environmental 
Analyses. Part IV. Inorganic Data Validation Functional Guidelines, November 2008. 

The sample results, validation qualifiers (Val), and qualifier codes (OlCD) are presented in the enclosed 
data summary tables. A list of the qualifier codes, which provide the reasons for the validation qualifiers, 
is enclosed. 

The data were evaluated based on the following parameters: 

• 
• 

* • 
• 
• 
• 
• 
• 

* • 
• 

* • 
• 

* 

laboratory Data Completeness 
Preservation and Technical Holding Times 
GC/MS Instrument Performance Check (Tuning) 
Initial and Continuing Calibrations 
Blanks 
Surrogate Compounds 
Internal Standards 
Matrix Spike/Matrix Spike Duplicate 
laboratory Duplicates 
laboratory Control Sample 
Field Duplicates 
Limits of Detection 

All criteria were met for this parameter. 

Laboratory Oata Completeness 

Select samples IDs exceeded the 19-character limit of the laboratory's software system. Therefore, the 
first characters "SRA-", "SRA", "SR", or "s" were omitted on all forms for these samples. The IDs for the 
affected samples are complete in the data summary tables. No further action was taken. 

The sample 10 SRA-GW-MW10-304D-0411 was listed twice on the chain-of-custody form. The sample 
listed with the collection time of 0905 corresponded to bottles labeled as SRA-GW -MW 10-3020-0411. 
The laboratory logged-in the bottles according to the sample labels. On April 14, 2011 the Tetra Tech 
Field Operations leader, J. Traut, confirmed the SRA-GW-MW10-3020-0411 sample 10 for the 0905 
sample was correct. 

The laboratory logged in sample SRA-GW -MW 10-40602-0411 as SRA-GW -MW 10-40602-0411. On May 
26, 2011 Tetra Tech Field Operations leader, J. Traut, confirmed that sample 10 SRA-GW-MW10-
40602-0411 should be "02" rather than "02". On June 6, 2011 the laboratory resubmitted all affected 
forms to correct the sample 10. 
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The vials fro the sample listed as SRA-GW-MW20-5040-0411 on the chain-of-custody form were labeled 
with "MW1 0". There is a note from the sampler on the chain-of custody form indication this fact. On May 
26, 2011 the laboratory clarified that this note was already on the chain-of-custody form when the 
samples were picked up from the field. The sample was logged-in with the correct sample 10: SRA-GW
MW20-5040-0411. 

Volatiles 

Oue to the high concentration of tetrachloroethene in select samples, this compound was reported from 
the full scan instead of the SIM analysis as requested. 

Volatiles-SIM samples SRA-GW-MW10-40601-0411 and SRA-GW-MW10-40701-0411 had high 
concentrations of unknown compounds and matrix interference that caused a significant retention time 
shift. As a result, many compounds, surrogates, and internal standards were shifted outside of their select 
ion monitoring windows and as such were unable to be detected and/or quantitated. The samples were 
re-analyzed with similar results. The SIM target compounds were reported from the full scan analysis for 
these samples. As outlined in this memorandum, all volatiles results for sample SRA-GW-MW10-40601-
0411 are reported by the full scan analysis. The SIM compounds for sample SRA-GW-MW10-40701-
0411 are reported from the SIM analysis with select qualifications. 

On June 6, 2011 the laboratory explained that volatiles-SIM sample SRA-GW-OUP01-041211 was 
analyzed outside holding time due to several reasons. There were several samples that had short hold 
times due to many of the ac issues with the SIM instrument. Since the full scan analysis was analyzed 
within hold time, a decision was made to analyze the SIM sample late in order to avoid any other possible 
hold time issues. This information was mistakenly omitted from the narrative. No further action was taken. 

On June 6, 2011 the laboratory resubmitted select volatiles-full scan logbook pages to report the pHs of 
select samples since the forms were not complete with pHs in the original data package. 

On June 7, 2011 the laboratory submitted the raw data associated with the volatiles-full scan 4/21/11 
initial calibration verification since it was not provided in the original data package. 

NitratelNitrite 

Samples SRA-GW-MW10-302-0411, SRA-GW-MW11-128-0411, SRA-GW-MW20-5040-0411, and SRA
GW-RB01-041511 were collected on 4/15/11. The instrument used by the laboratory for the analysis of 
nitrate and nitrite malfunctioned on 4/16/11 prior to the analysis of these samples. The samples were 
analyzed by an alternate method (ion chromatography, EPA Method 300.0) on 4/19/11 (outside of the 48 
hour holding time). Preserved sample aliquots were analyzed for nitrate + nitrite combined by EPA 
Method 353.2 on 5/3/11 (within the 28 day holding time). All these results were reported by the 
laboratory. The results from the nitrate analysis by Method 300 were all non-detected; consequently the 
combined nitrate+nitrite results were selected for reporting for these samples. 
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Preservation and Technical Holding Times 

Volatiles - SIM 

Sample SRA-GW -OUP01-041211 was analyzed 1 day outside of the 14-day technical holding time 
criterion. The positive and non-detected volatile results reported from this sample are estimated (J, UJ) 
due the exceeded holding time criterion. 

The method required holding time criterion was not met for sample SRA-GW-OUP01-041211; therefore, 
the project accuracy goals may be impacted for the affected results. The affected results in sample SRA
GW-OUP01-041211 are usable as estimated values which may be biased low. 

Initial and Continuing Calibrations 

Volatiles - Full Scan 

The following table summarizes the volatile-full scan compound that failed to meet the initial calibration 
verification recovery criteria of 75-125%: 

Compound %R Action 
Affected Samples 

(+) NOs 
SRA-GW-MW10-40B01-0411, 

Oichlorodifluoromethane 63.42 UJ SRA-GW -MW 10-3020-0411 , 
SRA-GW-OUP02-041411 

Although initial calibration verification recovery for dichlorodifluoromethane was below the ac limit, the 
project accuracy goals are not impacted since the affected sample results are more than an order of 
magnitude below the project action limit (PAL). The non-detected dichlorodifluoromethane results in the 
affected samples are usable as estimated values which may be biased low. 

Volatiles - SIM 

The following table summarizes the volatile-SIM compounds that failed to meet the continuing calibration 
(CC) criterion of %0 <25%: 

Compound %0 
Action 

Affected Samples 
(+) NOs 

1,2- SRA-GW-MW1 0-411 01-0411, SRA-GW-MW1 0-406-0411, 
Oichloro 76.31 UJ SRA-GW -MW 10-3040-0411, SRA-GW -MW 10-304-0411 , 
propane SRA-GW-MW10-40602-0411 

Although the %0 was above the ac limit for 1 ,2-dichloropropane, the project accuracy goals are not 
impacted since the affected sample results are more than an order of magnitude below the PAL. The non
detected 1 ,2-dichloropropane results in the affected samples are usable as estimated values. 
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The following table summarizes the volatile-SIM compounds that failed to meet the initial calibration 
verification recovery criteria of 75-125%: 

Compounds %R 
Action 

Affected Samples 
(+) NDs 

Tetrachloroethene 135.93 J 
SRA-GW-TB02-041411, SRA-GW-RB01-041S11, 

SRA-GW-DUP01-041211 
Dibromodichloromethane 67.77 UJ SRA-GW -MW 10-302-0411 

The initial calibration verification recovery for tetrachloroethene was above the QC limit; therefore, the 
project accuracy goals may be impacted. The positive tetrachloroethene results in the affected samples are 
usable as estimated values which may be biased high. 

Although initial calibration verification recovery for dibromochloromethane was below the QC limit, the 
project accuracy goals are not impacted since the affected sample result is more than an order of magnitude 
below the PAL. The non-detected dibromochloromethane result in the affected sample is usable as an 
estimated value which may be biased low. 

Blanks 

Volatiles - Full Scan 

The following table summarizes the level of blank contamination detected in the trip blanks associated 
with the volatile-full scan samples. 

Type of Maximum Action 
Compound Conc. Level Affected Samples Blank 

(llg/L) (llg/L) 
SRA-GW -MW 10-302-0411 , 

Dichlorodifluoromethane Trip 0.24 1.2 
SRA-GW-MW10-407D2-0411 
SRA-GW-MW11-128-0411, 
SRA-GW-MW20-S04D-0411 

Blank actions were applied to the affected samples due to dichlorodifluoromethane trip blank 
contamination. The Sx rule applies for this volatile compound. The positive results for 
dichlorodifluoromethane in the affected samples were changed to non-detected values at the sample
specific limit of detection (LOD). 

Although dichlorodifluoromethane contamination was found in the trip blank, the project sensitivity goals 
are not impacted since the non-detected values do not exceed the project action limit for 
dichlorodifluoromethane. The results in the affected samples are usable as non-detected values. 

Volatiles - SIM 

The following table summarizes the level of blank contamination detected in the laboratory and trip blanks 
associated with the volatile-SIM samples. 
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Compound 
Type of 
Blank 

Tetrachloroethene Method 

Chloroform Trip 

Maximum 
Conc. 
(llg/L) 

0.058 

0.0066 

Action 
Level Affected Samples 
(1l9/L) 

SRA-GW-MW1 0-406-0411, 
SRA-GW-MW10-40701-0411, 

0.29 SRA-GW-MW1 0-41101-0411, 
SRA-GW-RB01-041511, 
SRA-GW-TB02-041411 

SRA-GW-MW10-40701-0411, 
SRA-GW -MW 10-302-0411, 

0.033 SRA-GW-MW1 0-304-0411, 
SRA-GW-MW1 0-3040-0411, 
SRA-GW-MW10-406-0411, 
SRA-GW-OUP01-041211 

Blank actions were applied to the affected samples due to tetrachloroethene method blank contamination 
and chloroform trip blank contamination. The 5x rule applies for these volatile compounds. The positive 
results for tetrachloroethene and chloroform below the blank action level and above the limit of detection 
(LOO) were qualified as non-detect (U) at the sample result. The positive results below the blank action 
level and below the LOO were qualified as non-detect (U) at the sample-specific LOO. 

Tetrachloroethene contamination was found in the method blank; therefore, the project sensitivity goals 
may be impacted. The results in the affected samples are usable as non-detected values. 

Although chloroform contamination was found in the trip blank, the project sensitivity goals are not 
impacted since the non-detected values do not exceed the project action limit for chloroform. The results 
in the affected samples are usable as non-detected values. 

MEE 

The following table summarizes the level of blank contamination detected in the laboratory blank 
associated with the MEE samples. 

Type of Maximum Action 
Compound Conc. Level Affected Samples Blank (llg/L) (llglL) 

Methane Method 1.9 9.5 All samples 

Blank actions were applied to all the affected samples due to methane method blank contamination. The 
5x rule applies for this compound. The positive results for methane in the affected samples were 
changed to non-detected values at the LOO. 

Although methane contamination was found in the laboratory method blank, the project sensitivity goals 
are not impacted since there is no PAL established for methane for the groundwater samples. The 
results in the affected samples are usable as non-detected values. 
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Alkalinity 

The following table summarizes the level of blank contamination detected in the laboratory blank 
associated with the alkalinity samples. 

Type of Maximum Action 
Compound Conc. Level Affected Sample Blank (mg/L) (mg/L) 
Alkalinity Method 0.93 4.65 SRA-GW-RB01-041511 

Blank actions were applied to the affected sample due to alkalinity method blank contamination. The 5x 
rule applies for this parameter. The positive alkalinity result in the affected sample was changed to a 
non-detected value at the sample-specific LOD. 

Although alkalinity contamination was found in the laboratory method blank, the project sensitivity goals 
are not impacted since there are no PALs established for the rinsate blank sample. The result in the 
affected sample is usable as a non-detected value. 

Chloride 

The following table summarizes the level of blank contamination detected in the laboratory blank 
associated with the chloride samples. 

Type of Maximum Action 
Compound Conc. Level Affected Sample Blank 

(mg/L) (mg/L) 
Chloride Method 0.42 2.1 SRA-GW-RB01-041511 

Blank actions were applied to the affected sample due to chloride method blank contamination. The 5x 
rule applies for this parameter. The positive chloride result in the affected sample was changed to a non
detected value (U) at the sample result. 

Although chloride contamination was found in the laboratory method blank, the project sensitivity goals 
are not impacted since there are no PALs established for the rinsate blank sample. The result in the 
affected sample is usable as a non-detected value. 

Ammonia 

The following table summarizes the level of blank contamination detected in the laboratory blank 
associated with the ammonia samples. 

Type of Maximum Action 
Compound Conc. Level Affected Samples Blank (mg/L) (mg/L) 

Ammonia Method 0.051 0.255 SRA-GW-MW1 0-302-0411, 
SRA-GW-MW10-40BD1-0411 
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Blank actions were applied to the affected samples due to ammonia method blank contamination. The 5x 
rule applies for this parameter. The positive ammonia results in the affected samples were changed to 
non-detected values (U) at the sample results. 

Although ammonia contamination was found in the laboratory method blank, the project sensitivity goals 
are not impacted since there are no PALs established for ammonia for the groundwater samples. The 
results in the affected samples are usable as non-detected values. 

Surrogate Compounds 

Volatiles - Full Scan 

The following samples had surrogate spike recoveries outside of the recovery limits: 

Sample Surrogate % Recovery ac Action 
Limits (+) NOs 

SRA-GW-RB01-041511 156 J 
SRA-GW-MW11-128-0411 158 J 

SRA-GW-MW20-5040-0411 
1 ,2-0ichloroethane-d4 

163 
67-135 

J 
SRA-GW-MW10-302-0411 146 J 

SRA-GW-TB02-041411 157 J 
SRA-GW-MW10-40702-0411 159 J 

The surrogate 1,2-dichloroethane-d4 recovered above the QC limits in the samples listed above. All 
positive volatile compound results are estimated (J) in the affected samples due to high surrogate 
recoveries. 

The surrogate recovery QC criteria were not met for 1 ,2-dichloroethane-d4; therefore, the project 
accuracy goals may be impacted. The affected positive volatile compound results in the affected samples 
are usable as estimated values which may be biased high. 

Volatiles - SIM 

The following samples had surrogate spike recoveries outside of the recovery limits: 

Sample Surrogate 
% ac Action 

Recovery Limits (+) NOs 

SRA-GW-TB01-041111 
Oibromofluoromethane 155 70-130 

J 
1 ,2-0ichloroethane-d4 172 70-130 

SRA-GW -MW 10-3020-0411 1 ,2-0ichloroethane-d4 67 70-130 J UJ 
SRA-GW-OUP02-041411 1 ,2-0ichloroethane-d4 68 70-130 J UJ 
SRA-GW-RB01-041511 p-Bromofluorobenzene 153 70-130 J 
SRA-GW-TB02-041411 p-Bromofluorobenzene 152 70-130 J 

SRA-GW-MW10-40701-0411 
Oibromofluoromethane 152 70-130 

J 1 ,2-0ichloroethane-d4 164 70-130 
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The surrogates dibromofluoromethane, 1,2-dichloroethane-d4, and p-bromofluorobenzene recovered 
above and below the QC limits in the samples listed above. Positive volatile-SIM compound results are 
estimated (J) in the affected samples due to high surrogate recoveries. Positive and non-detected volatile
SIM compound results are estimated (J, UJ) in the affected samples due to low surrogate recoveries. 

The surrogate recovery QC criteria were not met for dibromofluoromethane, 1,2-dichloroethane-d4, and 
p-bromofluorobenzene; therefore, the project accuracy goals may be impacted. The affected positive and 
non-detected volatile-SIM results in the affected samples are usable are estimated values which may be 
biased high or low. 

Internal Standards 

Volatiles - SIM 

The following table summarizes the volatile-SIM internal standards that failed to meet the acceptance 
criteria: 

Internal Standard IS Area Acceptable Action 
Affected Samples Range (+) NOs 

1 ,4-0ifluorobenzene 71753 71794-287174 UJ SRA-GW-TB01-041111 
Pentafluorobenzene 17219 24934-99734 J UJ SRA-GW-MW10-40701-0411 

The internal standard areas of 1 ,4-difluorobenzene and pentafluorobenzene failed to meet the acceptable 
range for the samples listed above. All positive and non-detected results for the associated compounds 
are estimated (J, UJ) in the affected samples due to poor internal standard performance. 

The target compounds associated with 1,4-difluorobenzene are carbon tetrachloride, 1,2-dichloroethane, 
trichloroethene, bromodichloromethane, cis-1,3-dichloropropene, and trans-1,3-dichloropropene. The 
target compounds associated with pentafluorobenzene are vinyl chloride and chloroform. 

The QC criteria were not met for the internal standard areas of 1,4-difluorobenzene and 
pentafluorobenzene for the above samples; therefore, the project accuracy goals may be impacted. The 
positive and non-detected results in the affected samples are usable as estimated values. 

Matrix SpikelMatrix Spike Duplicate 

Volatiles - SIM 

The following table summarizes the results of the matrix spike andlor matrix spike duplicate (MS/MSO) 
analysis of sample SRA-GW-MW1 0-41101-0411 that were outside of the QC limits: 

Analyte RPO RPO % Rec. %Rec. Action 
QC Limits ac Limits (+) NOs 

T etrachloroethene 36 30 -ISO 70-130 J 
1,2,4-Trichlorobenzene - - -/68 70-130 UJ 

-Cntenon met 
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The percent recovery criteria were not met for tetrachloroethene; therefore, the project accuracy goals 
may be impacted. The affected positive tetrachloroethene result in sample SRA-GW-MW1 0-41101-0411 
is usable as an estimated value which may be biased low. 

Although the percent recovery criteria were not met for 1,2,4-trichlorobenzene, the project accuracy goals 
are not impacted since the affected sample result is more than an order of magnitude below the PAL. 
The affected non-detected 1,2,4-trichlorobenzene result in sample SRA-GW-MW1 0-411 01-0411 is 
usable as an estimated value which may be biased low. 

The matrix spike/matrix spike duplicate relative percent difference for tetrachloroethene did not meet the 
QC limits; therefore, the project precision goals may be impacted. The positive tetrachloroethene result in 
sample SRA-GW-MW1 0-41101-0411 is usable as an estimated value for which the bias is indeterminate. 

Orthophosphate 

The following table summarizes the results of the matrix spike (MS) analysis of sample SRA-GW-MW1 0-
40801-0411 that were outside of the QC limits: 

Analyte % Rec. 
%Rec. Action 

QC Limits (+) NOs 
Orthophosphate 38 75-125 J 

The following table summarizes the results of the matrix spike/matrix spike duplicate (MS/MSO) analysis 
of sample SRA-GW -MW 11-128-0411 that were outside of the QC limits: 

Analyte % Rec. 
%Rec. Action 

QC Limits (+) NOs 
Orthophosphate 177/175 75-125 J 

Although the percent recovery criteria were not met for orthophosphate, the project accuracy goals are 
not impacted since there is no PAL established for orthophosphate. The positive orthophosphate results 
in all samples are usable as estimated values for which the bias is indeterminate. 

Nitrate 

The following table summarizes the results of the matrix spike/matrix spike duplicate (MS/MSO) analysis 
of sample SRA-GW -MW 11-128-0411 that were outside of the QC limits: 

Analyte % Rec. 
%Rec. Action 

QC Limits (+) NOs 
Nitrate -/88 90-110 J 

-Criterion met 

Although the percent recovery criteria were not met for nitrate, the project accuracy goals are not 
impacted since there is no PAL established for nitrate. The positive nitrate results in the affected samples 
are usable as estimated values which may be biased low. 
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Nitrite 

The following table summarizes the results of the matrix spike/matrix spike duplicate (MS/MSO) analysis 
of sample SRA-GW-MW11-128-0411 that were outside of the QC limits: 

Analyte % Rec. 
%Rec. Action 

QC Limits (+) NOs 
Nitrite 89/- 90-110 UJ 

-Cntenon met 

Although the percent recovery criteria were not met for nitrite, the project accuracy goals are not impacted 
since there is no PAL established for nitrite. The non-detected nitrite results in the affected samples are 
usable as estimated values which may be biased low. 

Laboratory Control Sample 

Volatiles - Full Scan 

The following table summarizes the volatile-full scan compound that failed to meet the laboratory control 
sample (LCS) recovery QC limits: 

Compound %Rec. 
%Rec. Action 

Affected Samples QC Limits (+) NOs 
SRA-GW -MW 10-3040-0411 , 

Chlorobenzene 87.4 89-113 UJ 
SRA-GW -MW 1 0-304-0411 , 

SRA-GW -MW 10-40602-0411 , 
SRA-GW-OUP01-041211 

Although the LCS recovery criteria were not met for chlorobenzene, the project accuracy goals are not 
impacted since the affected sample results are more than an order of magnitude below the PAL. The non
detected chlorobenzene results in the affected samples are usable as estimated values which may be 
biased low. 

Volatiles - SIM 

The following table summarizes the volatile-SI M compound that failed to meet the laboratory control 
sample (LCS) recovery QC limits: 

Compound %Rec. 
%Rec. Action 

Affected Sample QC Limits (+) NOs 
Oibromochloromethane 68 70-130 UJ SRA-GW-MW10-302-0411 

Although the LCS recovery criteria were not met for dibromochloromethane, the project accuracy goals 
are not impacted since the affected sample results are more than an order of magnitude below the PAL. 
The non-detected dibromochloromethane result in the affected sample is usable as an estimated value 
which may be biased low. 
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Limits of Detection 

Non-detected results were reported at the limit of detection (LaD). Positive results below the limit of 
quantitation (LOa) and above the method detection limit (MOL) were qualified as estimated (J) due to 
uncertainty below the LOa. Project action limits are evaluated for non-detected results only (reported at 
the LOD). 

There are no project action limits established for the rinsate and trip blank samples. 

Volatiles - Full ScanNolatiles - SIM 

Select samples were analyzed in the full scan mode by the SIM target compounds list of compounds in 
addition to the list of full scan compounds in order to provide supplementary and/or confirmatory data for 
the volatiles-SIM analysis. Results above the calibration range in the SIM mode are reported from the full 
scan. In addition, all compounds are reported from the full scan for sample SRA-GW-MW10-40601-0411 
due to several 0% surrogate recoveries in the SIM mode and for samples SRA-GW -MW 1 0-40702-0411, 
SRA-GW-MW11-128-0411, and SRA-GW-MW20-S040-0411 due to very poor OC in the SIM mode. 

Volatiles - Full Scan 

All PALs were met by the LaDs for the volatiles-full scan compounds. 

As noted in the Blanks section above, dichlorodifluoromethane results in select samples were changed to 
non-detected values due to blank contamination. Data usability is not impacted. 

Volatiles - SIM 

All PALs were met by the LaDs for the volatile-SIM compounds except for vinyl chloride. Data usability 
may be impacted for vinyl chloride. 

As noted in the Blanks section above, tetrachloroethene and chloroform results in select samples were 
changed to non-detected values due to blank contamination. Data usability is not impacted for chloroform. 
Data usability may be impacted for tetrachloroethene since the non-detected results exceed the PAL. 

MEE 

There are no PALs established for MEE. 

As noted in the Blanks section above, methane results in select samples were changed to non-detected 
values due to blank contamination. Data usability is not impacted. 

Alkalinity 

There are no PALs established for alkalinity. 

As noted in the Blanks section above, the alkalinity result in sample SRA-GW-RB01-041S11 was changed 
to a non-detected value due to blank contamination. Data usability is not impacted. 
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Chloride 

There are no PALs established for chloride. 

As noted in the Blanks section above, the chloride result in sample SRA-GW-RB01-041511 was changed 
to a non-detected value due to blank contamination. Data usability is not impacted. 

Ammonia 

There are no PALs established for ammonia. 

As noted in the Blanks section above, ammonia results in select samples were changed to non-detected 
values due to blank contamination. Data usability is not impacted. 

NitratelNitriteIPhosphatelSulfate/SulfidelTOClNitrate+Nitrite 

Samples SRA-GW-MW 10-302-0411, SRA-GW -MW 11-128-0411, SRA-GW-MW20-504D-0411, and SRA
GW-RB01-041511 were analyzed for nitrate and nitrite outside the holding time by ion chromatography, 
EPA Method 300.0) on 4/19/11. Preserved sample aliquots were analyzed for nitrate + nitrite combined by 
EPA Method 353.2 on 5/3/11. The results from the nitrate analysis by Method 300 were all non-detected; 
consequently the combined nitrate+nitrite results were selected for reporting for these samples. 

There are no PALs established for nitrate, nitrite, phosphate, sulfate, sulfide, TOC, and nitrate+nitrite. 

Analytical Data Usability Assessment 

The data usability assessment was performed to determine if the analytical data reported by the 
laboratory for this SDG met the project data quality objectives for acceptable accuracy, precision, 
sensitivity, and completeness; and to determine and define the impact of the exceeded quality control 
indicators on the technical usability of the data. Please refer to the specific sections in the above 
validation report for further details. 

This is a partial evaluation based on laboratory quality control (QC) and limited field information available 
at the time of the assessment. A comprehensive project data usability assessment will be performed later 
when all data are available. 

Volatiles - Full Scan 

The project goals with respect to accuracy were met for the volatiles - full scan data set with the following 
exception. Positive results in select samples were qualified as estimated due to high surrogate recoveries; 
the affected results may be biased high. Although specific method criteria were not met in this instance, 
the affected positive results are usable as estimated values which may have a minor impact on data 
usability. In addition, dichlorodifluoromethane was qualified as estimated in select samples due to a low 
initial calibration verification recovery. Chlorobenzene was qualified as estimated in select samples due to 
a low LCS recovery. Although specific method criteria were not met in these instances, data usability is 
not impacted and the affected non-detected results are usable as estimated values. 
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The project goals with respect to precision, sensitivity, and laboratory data completeness were met for the 
volatiles - full scan data set. Data usability was not impacted with regards to precision, sensitivity, and 
laboratory data completeness. 

Volatiles - SIM 

The project goals with respect to accuracy were met for the volatiles - SI M data set with the following 
exceptions. Sample SRA-GW-DUP01-041211 was qualified as estimated due to holding time 
exceedance; the affected results may be biased low. Tetrachloroethene was qualified as estimated in 
select samples due to a high initial calibration verification recovery; the affected results may be biased 
high. Select results were qualified as in select samples estimated due to high and low surrogate 
recoveries; the affected results may be biased high or low. Select samples were qualified as estimated 
due to poor internal standard performance. Tetrachloroethene was qualified as estimated in sample SRA
GW-MW1 0-411 D1-0411 due to a low MSD recovery; the affected result may be biased low. Although 
specific method criteria were not met in these instances, the affected positive and non-detected results 
are usable as estimated values which may have a minor impact on data usability. In addition, 1,2-
dichloropropane was qualified as estimated in select samples due to instrument calibration variability. 
Dibromochloromethane was qualified as estimated in select samples due to a low initial calibration 
verification recovery. 1,2,4-Trichlorobenzene was qualified as estimated in sample SRA-GW-MW10-
411 D1-0411 due to a low MSD recovery. Dibromochloromethane was qualified as estimated in select 
samples due to a low LCS recovery. Although specific method criteria were not met in these instances, 
data usability is not impacted and the affected positive and non-detected results are usable as estimated 
values. 

The project goals with respect to precision were met for the volatiles - SIM data set with the following 
exception. Tetrachloroethene was qualified as estimated in sample SRA-GW-MW10-411D1-0411 due to 
poor MS/MSD precision. Although specific method criteria were not met in this instance, the affected 
positive result is usable as an estimated value which may have a minor impact on data usability. 

The project goals with respect to sensitivity were met for the volatiles - SIM data set with the following 
exception. All PALs were met by the LODs for the volatile-SIM compounds except for vinyl chloride. Data 
usability may be impacted for vinyl chloride. In addition, tetrachloroethene results in select samples were 
changed to non-detected values due to blank contamination. Data usability may be impacted for 
tetrachloroethene. 

The project goals with respect to laboratory data completeness were met for the volatiles - SI M data set. 
Data usability was not impacted with regards to laboratory data completeness. 

MEE 

The project goals with respect to accuracy, precision, laboratory data completeness were met for the MEE 
data set. Data usability was not impacted with regards to accuracy, precision, laboratory data 
completeness. 

The project goals with respect to sensitivity could not be evaluated for the MEE data set since no PALs 
are established for this parameter. 
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Orthophosphate 

The project goals with respect to accuracy were met for the orthophosphate data set. Orthophosphate 
was qualified as estimated in all samples due to high and low MS/MSD recoveries. Although specific 
method criteria were not met in this instance, data usability is not impacted and the affected positive 
results are usable as estimated values. 

The project goals with respect to precision and laboratory data completeness were met for the 
orthophosphate data set. Data usability was not impacted with regards to precision and laboratory data 
com pleteness. 

The project goals with respect to sensitivity could not be evaluated for the orthophosphate data set since 
no PALs are established for this parameter. 

Nitrate 

The project goals with respect to accuracy were met for the nitrate data set. Nitrate was qualified as 
estimated in select samples due to low MSD recovery. Although specific method criteria were not met in 
this instance, data usability is not impacted and the affected positive results are usable as estimated 
values. 

The project goals with respect to precision were met for the nitrate data set. Data usability was not 
impacted with regards to precision. 

The project goals for laboratory data completeness were not met for the nitrate data set. Nitrate results for 
samples SRA-GW -MW 10-302-0411, SRA-GW -MW 11-128-0411, SRA-GW -MW20-504D-0411, and SRA
GW-RB01-041511 were not reported. Instead results for nitrate+nitrite were reported for these samples. 

The project goals with respect to sensitivity could not be evaluated for the nitrate data set since no PALs 
are established for this parameter. 

Nitrite 

The project goals with respect to accuracy were met for the nitrite data set. Nitrite was qualified as 
estimated in select samples due to low MS recovery. Although specific method criteria were not met in 
this instance, data usability is not impacted and the affected non-detected results are usable as estimated 
values. 

The project goals with respect to precision were met for the nitrite data set. Data usability was not 
impacted with regards to precision. 

The project goals for laboratory data completeness were not met for the nitrate data set. Nitrite results for 
samples SRA-GW -MW 10-302-0411, SRA-GW -MW 11-128-0411, SRA-GW -MW20-504D-0411, and SRA
GW-RB01-041511 were not reported. Instead results for nitrate+nitrite were reported for these samples. 

The project goals with respect to sensitivity could not be evaluated for the nitrite data set since no PALs 
are established for this parameter. 
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Nitrate+Nitrite 

Due to instrument issues, samples SRA-GW-MW10-302-0411, SRA-GW-MW11-128-0411, SRA-GW
MW20-504D-0411, and SRA-GW -RBO 1-041511 were analyzed for total nitrate+nitrite instead of the 
individual species nitrate and nitrite. 

The project goals with respect to accuracy and laboratory data completeness were met for the 
nitrate+nitrite data set. Data usability was not impacted with regards to accuracy and laboratory data 
completeness. 

The project goals with respect to precision could not be evaluated for the nitrate+nitrite data set since no 
precision-based QC was analyzed for this parameter. 

The project goals with respect to sensitivity could not be evaluated for the nitrate+nitrite data set since no 
PALs are established for this parameter. 

Alkalinity/Chloride/AmmoniaiSulfate/SulfidelTOC 

The project goals with respect to accuracy, precision, and laboratory data completeness were met for the 
alkalinity, chloride, ammonia, sulfate, sulfide, and TOC data sets. Data usability was not impacted with 
regards to accuracy, precision, and laboratory data completeness. 

The project goals with respect to sensitivity could not be evaluated for the alkalinity, chloride, ammonia, 
sulfate, sulfide, and TOC data sets since no PALs are established for these parameters. 

Tables: 

Enclosures: 

Data Validation Qualifiers and Codes 
Data Summary Tables 

Data Validation Worksheets 



Data Validation Qualifiers and Codes 

Data Validation Qualifiers: 

= No qualifier attached to value (positive hit) 
J = Value is estimated 
U = Value is not detected 
UJ = Value is not detected and estimated 
R = Value (positive hit) is not usable 
UR = Value was reported as NO but is not usable 

Qualifier Codes: 

A = Lab Blank Contamination 

B = Field Blank Contamination 

C = Calibration Noncompliance (e.g. % RSDs, %Ds, ICVs, CCVs, RRFs, etc.) 

C01 = GC/MS Tuning Noncompliance 

D = MS/MSD Recovery Noncompliance 

E = LCS/LCSD Recovery Noncompliance 

F = Lab Duplicate Imprecision 

G = Field Duplicate Imprecision 

H = Holding Time Exceedance 

I = ICP Serial Dilution Noncompliance 

J = GFAA PDS - GFAA MSA's r < 0.995 

K = ICP Interference - includes ICS % R Noncompliance 

L = Instrument Calibration Range Exceedance 

M = Sample Preservation Noncompliance 

N = Internal Standard Noncompliance 

N01 = Internal Standard Recovery Noncompliance Dioxins 

N02 = Recovery Standard Noncompliance Dioxins 

N03 = Clean-up Standard Noncompliance Dioxins 

o = Poor Instrument Performance (e.g. base-line drifting) 

P = Uncertainty below quantitation limit « OL but ~ MDL) 

o = Other problems (can encompass a number of issues; e.g. chromatography,interferences, etc.) 

R = Surrogates Recovery Noncompliance 

S = Pesticide/PCB Resolution 

T = % Breakdown Noncompliance for DDT and Endrin 

U = % Difference between columns/detectors >25% for positive results determined via GC/HPLC 

V = Non-linear calibrations; correlation coefficient r < 0.995 

W = EMPC result 

X = Signal to noise response drop 
Y = Percent solids <30% 
Z = Uncertainty at 2 sigma deviation is greater than sample activity 



PROJ_NO: 02073 NSAMPlE SRA-GW-DUP01-041211 SRA-GW-DUP02-041411 SRA-GW-DUP02-041411Dl SRA-GW-MW10-302-0411 

SOG: SRA-1 LAB_I 0 SE1943-6 SE1943-11 SE1943-11Dl SE1988-2 

FRACTION: OV SAMP DATE 4/12/2011 4/14/2011 4/14/2011 4/14/2011 

MEDIA: WATER OC TYPE FD FD FD NM 

UNITS UGIL UG/l UG/l UG/l 
PCT SOLIDS 

DUP OF SRA-GW-MW10-40S-0411 SRA-GW-MW10-302D-0411 SRA-GW-MW10-302D-0411 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 
1,1,1-TRICHLOROETHANE 0.5 U 0.5 U 0.5 U 
1,1,2,2-TETRACHLOROETHANE 

1,1,2-TRICHLOROETHANE 

1,1-DICHlOROETHANE 0.5 U 0.5 U 0.5 U 
1,1-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 

1,2,4-TRICHlOROBENZENE 

1,2-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 

1,2-DICHlOROETHANE 

1,2-DICHlOROPROPANE 

1,3-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 

1,4-DICHlOROBENZENE 

BROMODICHLOROMETHANE 

CARBON TETRACHLORIDE 

CHlOROBENZENE 0.5 UJ E 0.5 U 0.5 U 

CHlORODIBROMOMETHANE 

CHlOROETHANE 1 U 1 U 1 U 

CHLOROFORM 

CHLOROMETHANE 1 U 1 U 1 U 

CIS-1,2-DICHLOROETHENE 0.5 U 23 0.5 U 

CIS-1,3-DICHLOROPROPENE 

DICHLORODIFlUOROMETHANE 1 U 1 UJ C 1 UJ BPR 

METHYLENE CHLORIDE 2.5 U 2.5 U 2.5 U 

TETRACHlOROETHENE 2500 

TRANS-1,2-DICHlOROETHENE 0.5 U 0.S7 J P 0.5 U 

TRANS-1,3-DICHlOROPROPENE 

TRICHlOROETHENE 13 

TRICHlOROFLUOROMETHANE 1 U 1 U 1 U 

VINYL CHLORIDE 

1 ofS 6/9/2011 



PROJ_NO: 02073 NSAMPlE SRA-GW-MW10-3020-0411 SRA-GW-MW1 0-3020-0411 Dl SRA-GW-MW10-304-0411 SRA-GW-MW10-3040-0411 
SOG: SRA-1 LAB ID SE1943-10 SE1943-10Dl SE1943-7 SE1943-5 

FRACTION: OV SAMP_DATE 4/14/2011 4/14/2011 4/12/2011 4/1212011 
MEDIA: WATER OC TYPE NM NM NM NM 

UNITS UG/l UG/l UG/l UG/l 
PCT SOLIDS 

DUP OF 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 
1,1,1-TRICHLOROETHANE 0.5 U 0.5 U 0.5 U 
1,1,2,2-TETRACHLOROETHANE 

1,1,2-TRICHlOROETHANE 

1,1-DICHlOROETHANE 0.5 U 0.5 U 0.5 U 
1,1-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 
1,2,4-TRICHlOROBENZENE 

1,2-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 
1,2-DICHlOROETHANE 

1,2-DICHlOROPROPANE 

1,3-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 

1,4-DICHLOROBENZENE 

BROMODICHlOROMETHANE 

CARBON TETRACHLORIDE 

CHlOROBENZENE 0.5 U 0.5 UJ E 0.5 UJ E 

CHlORODIBROMOMETHANE 

CHlOROETHANE 1 U 1 U 1 U 

CHLOROFORM 

CHLOROMETHANE 1 U 1 U 1 U 

CIS-1,2-DICHlOROETHENE 20 0.25 J P 0.22 J P 

CIS-1,3-DICHlOROPROPENE 

DICHlORODIFlUOROMETHANE 1 UJ C 1 U 1 U 

METHYLENE CHLORIDE 2.5 U 2.5 U 2.5 U 

TETRACHlOROETHENE 2400 5.6 35 

TRANS-1 ,2-DICHlOROETHENE 0.5 J P 0.5 U 0.5 U 

TRANS-1,3-DICHlOROPROPENE 

TRICHlOROETHENE 13 

TRICHlOROFlUOROMETHANE 1 U 1 U 1 U 

VINYL CHLORIDE 
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW10-406-0411 SRA-GW-MW10-406D1-0411 SRA-GW-MW10-406D2-0411 SRA-GW-MW10-407D1-0411 
SOG: SRA-1 LAB ID SE1943-4 SE1988-1 SE1943-8 SE1988-3 
FRACTION: OV SAMP DATE 4/12/2011 4/14/2011 4/12/2011 4/14/2011 
MEDIA: WATER OC TYPE NM NM NM NM 

UNITS UG/l UG/l UG/l UG/l 
PCT SOLIDS 

DUP OF 
PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 
1,1,1-TRICHlOROETHANE 0.5 U 0.5 U 0.5 U 0.5 U 
1,1,2,2-TETRACHLOROETHANE 0.5 U 
1,1,2-TRICHlOROETHANE 0.5 U 
1,1-DICHlOROETHANE 0.5 U 0.5 U 0.5 U 0.5 U 
1,1-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 
1,2,4-TRICHlOROBENZENE 0.5 U 
1,2-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 
1,2-DICHlOROETHANE 0.5 U 
1,2-DICHlOROPROPANE 0.5 U 
1,3-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 
1 A-DICHLOROBENZENE 0.5 U 
BROMODICHlOROMETHANE 0.5 U 
CARBON TETRACHLORIDE 0.5 U 
CHlOROBENZENE 0.5 U 0.5 U 0.5 UJ E 0.5 U 
CHlORODIBROMOMETHANE 0.5 U 

CHlOROETHANE 1 U 1 U 1 U 1 U 
CHLOROFORM 0.5 U 

CHLOROMETHANE 1 U 1 U 1 U 1 U 
CIS-1,2-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 
CIS-1,3-DICHlOROPROPENE 0.5 U 
DICHlORODIFLUOROMETHANE 1 U 1 U 1 U 1 U 
METHYLENE CHLORIDE 2.5 U 2.5 U 2.5 U 2.5 U 

TETRACHlOROETHENE 2.1 

TRANS-1,2-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 

TRANS-1,3-DICHlOROPROPENE 0.5 U 

TRICHlOROETHENE 0.89 J P 

TRICHlOROFlUOROMETHANE 1 U 1 U 1 U 1 U 

VINYL CHLORIDE 0.5 U 
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW10-407D2-0411 SRA-GW-MW10-408D1-0411 SRA-GW-MW10-411D1-0411 SRA-GW-MW11-12B-D411 
SOG: SRA-1 LAB 10 SE1988-8 SE1943-9 SE1943-3 SE1988-6 
FRACTION: OV SAMP_DATE 4/15/2011 4/14/2011 4/11/2011 4/15/2011 
MEDIA: WATER QC TYPE NM NM NM NM 

UNITS UG/l UG/l UG/l UG/l 
PCT SOLIDS 

DUP OF 

PARAMETER RESULT VQl QlCD RESULT VQl QlCD RESULT VQl QlCD RESULT VQl QlCD 
1,1,1-TRICHlOROETHANE 0.5 U 0.5 U 0.5 U 0.5 U 
1,1,2,2-TETRACHLOROETHANE 0.5 U 0.5 U 
1,1,2-TRICHLOROETHANE 0.5 U 0.5 U 
1,1-DICHlOROETHANE 0.5 U 0.5 U 0.5 U 0.5 U 
1,1-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 
1,2,4-TRICHlOROBENZENE 0.5 U 0.5 U 
1,2-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 
1,2-DICHlOROETHANE 0.5 U 0.5 U 
1,2-DICHlOROPROPANE 0.5 U 0.5 U 

1,3-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 
1,4-DICHlOROBENZENE 0.5 U 0.5 U 

BROMODICHlOROMETHANE 0.5 U 0.5 U 

CARBON TETRACHLORIDE 0.5 U 0.5 U 

CHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 

CHlORODIBROMOMETHANE 0.5 U 0.5 U 

CHlOROETHANE 1 U 1 U 1 U 1 U 

CHLOROFORM 0.5 U 0.5 U 

CHLOROMETHANE 1 U 1 U 1 U 1 U 

CIS-1,2-DICHlOROETHENE 0.5 U 1.8 0.5 U 0.5 U 

CIS-1,3-DICHlOROPROPENE 0.5 U 0.5 U 

DICHlORODIFlUOROMETHANE 1 UJ BPR 1 UJ C 1 U 1 UJ BPR 

METHYLENE CHLORIDE 2.5 U 2.5 U 2.5 U 2.5 U 

TETRACHlOROETHENE 0.5 U 30 0.5 U 

TRANS-1,2-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 

TRANS-1,3-DICHlOROPROPENE 0.5 U 0.5 U 

TRICHlOROETHENE 0.72 J PR 0.5 U 

TRICHlOROFlUOROMETHANE 1 U 1 U 1 U 1 U 

VINYL CHLORIDE 0.5 U 0.5 U 
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW20-501-0411 SRA-GW-MW20-504D-0411 SRA-GW-RB01-041511 SRA-GW-TB01-041111 

SDG: SRA-1 LAB ID SE1943-2 SE1988-7 SE1988-5 SE1943-1 

FRACTION: OV SAMP_DATE 4/11/2011 4/15/2011 4/15/2011 4/11/2011 

MEDIA: WATER OC_TYPE NM NM RB TB 

UNITS UG/l UGIL UGIL UG/l 

PCT SOLIDS 

DUP OF 

PARAMETER RESULT Val OlCD RESULT Val OlCD RESULT Val OlCD RESULT Val OlCD 

1,1,1-TRICHLOROETHANE 0.5 U 0.5 U 0.5 U 0.5 U 

1,1,2,2-TETRACHLOROETHANE 0.5 U 

1,1,2-TRICHLOROETHANE 0.5 U 

1,1-DICHlOROETHANE 0.5 U 0.5 U 0.5 U 0.5 U 

1,1-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 

1,2,4-TRICHlOROBENZENE 0.5 U 

1,2-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 

1,2-DICHlOROETHANE 0.5 U 

1,2-DICHlOROPROPANE 0.5 U 

1,3-DICHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 

1 A-DICHLOROBENZENE 0.5 U 

BROMODICHlOROMETHANE 0.5 U 

CARBON TETRACHLORIDE 0.5 U 

CHlOROBENZENE 0.5 U 0.5 U 0.5 U 0.5 U 

CHlORODIBROMOMETHANE 0.5 U 

CHlOROETHANE 1 U 1 U 1 U 1 U 

CHLOROFORM 0.5 U 

CHLOROMETHANE 1 U 1 U 1 U 1 U 

CIS-1,2-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 

CIS-1,3-DICHlOROPROPENE 0.5 U 

DICHlORODIFlUOROMETHANE 1 U 1 UJ BPR 0.31 J PR 1 U 

METHYLENE CHLORIDE 2.5 U 2.5 U 2.5 U 2.5 U 

TETRACHlOROETHENE 0.42 J PR 

TRANS-1,2-DICHlOROETHENE 0.5 U 0.5 U 0.5 U 0.5 U 

TRANS-1,3-DICHlOROPROPENE 0.5 U 

TRICHlOROETHENE 0.5 U 

TRICHlOROFlUOROMETHANE 1 U 1 U 1 U 1 U 

VINYL CHLORIDE 0.5 U 
- -----
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PROJ_NO: 02073 NSAMPLE SRA-GW-TB02-041411 

SOG: SRA-1 LAB ID SE1988-4 

FRACTION: OV SAMP_DATE 4/14/2011 

MEDIA: WATER OC_TYPE TB 

UNITS UG/L 

PCT SOLIDS 

DUP OF 

PARAMETER RESULT VOL OLCD 

1,1,1-TRICHLOROETHANE 0.5 U 

1,1,2,2-TETRACHLOROETHANE 

1,1,2-TRICHLOROETHANE 

1,1-DICHLOROETHANE 0.5 U 
1,1-DICHLOROETHENE 0.5 U 

1,2,4-TRICHLOROBENZENE 

1,2-DICHLOROBENZENE 0.5 U 

1,2-DICHLOROETHANE 

1,2-DICHLOROPROPANE 

1,3-DICHLOROBENZENE 0.5 U 

1,4-DICHLOROBENZENE 

BROMODICHLOROMETHANE 

CARBON TETRACHLORIDE 

CHLOROBENZENE 0.5 U 

CHLORODIBROMOMETHANE 

CHLOROETHANE 1 U 

CHLOROFORM 

CHLOROMETHANE 1 U 

CIS-1,2-DICHLOROETHENE 0.5 U 

CIS-1,3-DICHLOROPROPENE 

DICHLORODIFLUOROMETHANE 0.24 J PR 

METHYLENE CHLORIDE 2.5 U 

TETRACHLOROETHENE 

TRANS-1,2-DICHLOROETHENE 0.5 U 

TRANS-1,3-DICHLOROPROPENE 

TRICHLOROETHENE 

TRICHLOROFLUOROMETHANE 1 U 

VINYL CHLORIDE 
-----
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PROJ_NO: 02073 NSAMPlE SRA-GW-DUP01-041211 SRA-GW-DUP02-041411 SRA-GW-MW10-302-0411 SRA-GW-MW10-3020-0411 

SOG: SRA-1 LAB_ID SE1943-6 SE1943-11 SE1988-2 SE1943-10 

FRACTION: OVSIM SAMP DATE 4/12/2011 4/14/2011 4/14/2011 4/14/2011 

MEDIA: WATER OC TYPE FD FD NM NM 

UNITS UG/l UG/l UG/l UGIL 

PCT_SOLIDS 

DUP OF SRA-GW-MW10-406-0411 SRA-GW-MW10-302D-0411 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 

1,1,2,2-TETRACHLOROETHANE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

1,1,2-TRICHlOROETHANE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

1,2,4-TRICHlOROBENZENE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

1,2-DICHlOROETHANE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

1,2-DICHlOROPROPANE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

1,4-DICHlOROBENZENE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

BROMODICHlOROMETHANE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

CARBON TETRACHLORIDE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

CHlORODIBROMOMETHANE 0.025 UJ H 0.025 UJ R 0.025 UJ CE 0.025 UJ R 

CHLOROFORM 0.025 UJ BHPR 0.086 J R 0.025 UJ BP 0.088 J R 

CIS-1,3-DICHlOROPROPENE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

TETRACHlOROETHENE 0.38 J CHR 0.3 

TRANS-1,3-DICHlOROPROPENE 0.025 UJ H 0.025 UJ R 0.025 U 0.025 UJ R 

TRICHlOROETHENE 0.025 UJ H 0.025 U 

VINYL CHLORIDE 0.025 UJ H 0.029 J PR 0.025 U 0.031 J PR 
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW10-304-0411 SRA-GW-MW10-3040-0411 SRA-GW-MW10-406-0411 SRA-GW-MW10-406D2-0411 

SDG: SRA-1 LAB 10 SE1943-7 SE1943-5 SE1943-4 SE1943-8 

FRACTION: OVSIM SAMP_DATE 4/12/2011 4/12/2011 4/12/2011 4/12/2011 

MEDIA: WATER OC TYPE NM NM NM NM 

UNITS UGIL UGIL UG/l UGIL 

PCT SOLIDS 

DUP OF 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 

1,1,2,2-TETRACHLOROETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

1,1,2-TRICHlOROETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

1,2,4-TRICHlOROBENZENE 0.025 U 0.025 U 0.025 U 0.025 U 

1,2-DICHlOROETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

1,2-DICHlOROPROPANE 0.025 UJ C 0.025 UJ C 0.025 UJ C 0.025 UJ C 

1,4-DICHlOROBENZENE 0.025 U 0.025 U 0.025 U 0.025 U 

BROMODICHlOROMETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

CARBON TETRACHLORIDE 0.025 U 0.025 U 0.025 U 0.025 U 

CHLORODIBROMOMETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

CHLOROFORM 0.025 UJ BP 0.025 UJ BP 0.025 UJ BP 0.025 U 

CIS-1,3-DICHlOROPROPENE 0.025 U 0.025 U 0.025 U 0.025 U 

TETRACHlOROETHENE 0.28 U A 0.3 

TRANS-1,3-DICHlOROPROPENE 0.025 U 0.025 U 0.025 U 0.025 U 

TRICHlOROETHENE 0.5 0.58 0.025 U 0.061 

VINYL CHLORIDE 0.025 U 0.025 U 0.025 U 0.025 U 
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW10-407D1-0411 SRA-GW-MW10-408D1-0411 SRA-GW-MW1 0-411 D1-0411 SRA-GW-MW20-501-0411 

SDG: SRA-1 LAB ID SE1988-3 SE1943-9 SE1943-3 SE1943-2 

FRACTION: OVSIM SAMP_DATE 4/14/2011 4/14/2011 4/11/2011 4/11/2011 

MEDIA: WATER QC_TYPE NM NM NM NM 

UNITS UG/l UG/l UG/l UG/l 

PCT SOLIDS 

DUP OF 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 

1.1.2.2-TETRACHlOROETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

1.1.2-TRICHlOROETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

1.2,4-TRICHlOROBENZENE 0.025 U 0.025 U 0.025 UJ D 0.025 U 

1.2-DICHlOROETHANE 0.025 U 0.025 U 0.039 J P 0.025 U 

1.2-DICHlOROPROPANE 0.025 U 0.025 U 0.025 UJ C 0.025 U 

1,4-DICHlOROBENZENE 0.025 U 0.025 U 0.025 U 0.025 U 

BROMODICHlOROMETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

CARBON TETRACHLORIDE 0.025 U 0.025 U 0.025 U 0.025 U 

CHlORODIBROMOMETHANE 0.025 U 0.025 U 0.025 U 0.025 U 

CHLOROFORM 0.025 UJ BNPR 0.18 0.025 U 0.025 U 

CIS-1.3-DICHlOROPROPENE 0.025 U 0.025 U 0.025 U 0.025 U 

TETRACHlOROETHENE 0.045 UJ ACPR 0.11 UJ AD 0.025 U 

TRANS-1.3-DICHlOROPROPENE 0.025 U 0.025 U 0.025 U 0.025 U 

TRICHLOROETHENE 0.025 U 3.5 0.043 J P 0.025 U 

VINYL CHLORIDE 0.025 UJ N 0.025 U 0.025 U 0.025 U 
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PROJ_NO: 02073 NSAMPlE SRA-GW-RB01-041511 SRA-GW-TB01-041111 SRA-GW-TB02-041411 

SDG: SRA-1 LAB 10 SE1988-5 SE1943-1 SE1988-4 

FRACTION: OVSIM SAMP DATE 4/15/2011 4/11/2011 4/14/2011 

MEDIA: WATER OC_TYPE RB TB TB 

UNITS UG/l UG/l UGIL 

PCT SOLIDS 

DUP OF 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 

1,1,2,2-TETRACHLOROETHANE 0.025 U 0.025 U 0.025 U 

1,1,2-TRICHlOROETHANE 0.025 U 0.025 U 0.025 U 

1,2,4-TRICHLOROBENZENE 0.025 U 0.025 U 0.025 U 

1,2-DICHlOROETHANE 0.025 U 0.025 UJ N 0.025 U 

1,2-DICHlOROPROPANE 0.025 U 0.025 U 0.025 U 

1 A-DICHLOROBENZENE 0.025 U 0.025 U 0.025 U 

BROMODICHlOROMETHANE 0.025 U 0.025 UJ N 0.025 U 

CARBON TETRACHLORIDE 0.025 U 0.025 UJ N 0.025 U 

CHlORODIBROMOMETHANE 0.025 U 0.025 U 0.025 U 

CHLOROFORM 0.067 J R 0.0066 J PR 0.0066 J P 

CIS-1,3-DICHlOROPROPENE 0.025 U 0.025 UJ N 0.025 U 

TETRACHlOROETHENE 0.059 UJ ACR 0.025 U 0.051 UJ AC 

TRANS-1 ,3-DICHLOROPROPENE 0.025 U 0.025 UJ N 0.025 U 

TRICHlOROETHENE 0.025 U 0.025 UJ N 0.025 U 

VINYL CHLORIDE 0.025 U 0.025 U 0.025 U 
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PROJ_NO: 02073 NSAMPlE SRA-GW-OUP02-041411 SRA-GW-MW10-302-0411 SRA-GW-MW10-3020-0411 SRA-GW-MW10-40801-0411 

SOG: SRA-1 LAB 10 SE1943-11 SE1988-2 SE1943-10 SE1943-9 

FRACTION: OVG SAMP_OATE 4/14/2011 4/14/2011 4/14/2011 4/14/2011 

MEDIA: WATER OC TYPE FO NM NM NM 

UNITS UG/l UG/l UG/l UG/l 

PCT SOLIDS 

OUP OF SRA-GW-MW10-3020-0411 

PARAMETER RESULT VOL OlCO RESULT VOL OlCO RESULT VOL OlCO RESULT VOL OlCO 

ETHANE 2 U 2 U 2 U 2 U 

ETHENE 2 U 2U 2U 2 U 

,METHANE 2 UJ AP 2 UJ AP 2 UJ AP 2 UJ AP 
-~ --- --~-
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW11-128-0411 SRA-GW-MW20-504D-0411 SRA-GW-RB01-041511 

SDG: SRA-1 LAB ID SE1988-6 SE1988-7 SE1988-5 

FRACTION: OVG SAMP DATE 4/15/2011 4/15/2011 4/15/201 1 

MEDIA: WATER OC_TYPE NM NM RB 

UNITS UG/l UG/l UG/l 

PCT SOLIDS 

DUP_OF 

PARAMETER RESULT VOL OlCD RESULT VOL OlCD RESULT VOL OlCD 

ETHANE 2 U 2 U 2 U 

ETHENE 2U 2 U 2U 

METHANE 2 UJ AP 2 UJ AP 2 UJ AP 
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PROJ_NO: 02073 NSAMPLE SRA-GW-DUP02-041411 SRA-GW-MW10-302-0411 SRA-GW-MW10-302D-0411 SRA-GW-MW10-408D1-0411 

SDG: SRA-1 LAB ID SE1943-11 SE1988-2 SE1943-10 SE1943-9 

FRACTION: MISC SAMP DATE 4/14/2011 4/14/2011 4/14/2011 4/14/2011 

MEDIA: WATER OC TYPE FD NM NM NM 

UNITS MGIL MG/L MG/L MG/L 

PCT SOLIDS 

DUP OF SRA-GW-MW10-302D-0411 

PARAMETER RESULT VOL OLCD RESULT VOL OLCD RESULT VOL OLCD RESULT VOL OLCD 

ALKALINITY 73 26 74 92 

AMMONIA-N 0.05 U 0.15 U A 0.05 U 0.088 UJ AP 

CHLORIDE 29 3.6 29 44 

NITRATE 0.46 J D 0.45 J D 0.054 J D 

NITRITE 0.025 UJ D 0.025 UJ D 0.025 UJ D 

NITRITEINITRA TE-N 0.089 

ORTHOPHOSPHA TE-P 0.056 J D 0.017 J DP 0.039 J DP 0.087 J D 

SULFATE 12 0.5 U 12 19 

SULFIDE 1 U 1 U 1 U 1 U 

TOTAL ORGANIC CARBON 1.2 10 1.2 1.1 
-_ ... 
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PROJ_NO: 02073 NSAMPlE SRA-GW-MW11-128-0411 SRA-GW-MW20-504D-0411 SRA-GW-RB01-041511 

SDG: SRA-1 LAB ID SE1988-6 SE1988-7 SE1988-5 

FRACTION: MISC SAMP DATE 4/15/2011 4/15/2011 4/15/2011 

MEDIA: WATER QC_TYPE NM NM RB 

UNITS MGIL MG/l MG/l 

PCT_SOLIDS 

DUP OF 

PARAMETER RESULT VQl QlCD RESULT VQl QlCD RESULT VQl QlCD 

ALKALINITY 9 40 4 UJ AP 

AMMONIA-N 0.05 U 0.05 U 0.05 U 

CHLORIDE 3.8 82 1.1 UJ AP 

NITRATE 

NITRITE 

NITRITEINITRATE-N 0.04 J P 0.037 J P 0.025 U 

ORTHOPHOSPHA TE-P 0.022 J DP 0.18 J D 0.025 U 

SULFATE 1.5 7.8 0.5 U 

SULFIDE 1 U 1 U 1 U 

TOTAL ORGANIC CARBON 1 2.4 0.18 J P 

20f2 6/9/2011 
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TETRA TECH NUS, INC 	 INTERNAL CORRESPONDENCE 

C-NAVY-10-11-4589W 

Date: 

To: 

From: 

Subject: 

c: File G02073-4.10 (w/enc.-original) 
J. Traut (w/o enc.) 

Or)  Tier II Organic Data Validation, DG SRA-3 
Katandin Analytical 
CTO WE11, Solvent Release Area, NAS South Weymouth, Weymouth, MA 

October 06, 2011 

Phoebe Call (w/o enc.) 

Paula DiMattei (no copy) 

VOC (Full scan and SIM): 
22/G roundwaters/ SRA-GW-DUP01-082911 

SRA-GW-DUP02-083011 
SRA-GW-MW1032D-0811 
SRA-GW-MW10304-0811 
SRA-GW-MW10340-0811 
SRA-GW-MW10405D2-0911 
SRA-GW-MW10406D1-0811 
SRA-GW-MW10407D1-0811 
SRA-GW-MW10408D1-0811 
SRA-GW-MW10411D2-0811 
SRA-GW-MW20501-0911 

SRA-GW-CH108MW01-0911 
SRA-GW-MW10302-0811 
SRA-GW-MW10303-0811 
SRA-GW-MW10304D-0811 
SRA-GW-MW10405D1-0911 
SRA-GW-MW 10406-0911 
SRA-GW-MW10406D2-0811 
SRA-GW-MW10407D2-0811 
SRA-GW-MW10411D1-0811 
SRA-GW-MW11-128-0811 
SRA-GW-MW20504D-0811 

(Field duplicates: SRA-GW-MW10304-0811/SRA-GW-DUP01-082911 and 
SRA-GW-MW11-128-0811/SRA-GW-DUP02-083011) 

1/Rinsate Blank/ SRA-GW-RB01-090111 

2/Trip Blanks/ 	SRA-GW-TB01-082911 	 SRA-GW-TB02-083011 

Dissolved gases: 
6/Groundwaters/ SRA-GW-DUP02-083011 

	
SRA-GW-MW10302-0811 

SRA-GW-MW10302D-0811 
	

SRA-GW-MW10408D1-0811 
SRA-GW-MW11-128-0811 

	
SRA-GW-MW20504D-0811 

(Field duplicates: SRA-GW-MW11-128-0811/SRA-GW-DUP02-083011) 

1/Rinsate Blank/ SRA-GW-RB01-090111 

Tetra Tech NUS, Inc. (TtNUS) performed a Tier II data validation on the volatile organic compounds 
(VOC) and dissolved gases methane, ethane, ethene (MEE) analytical data for the groundwater samples 
in this SDG. The samples were collected at the Solvent Release Area on August 29, 2011 through 
September 1, 2011. Sample collection and analysis was performed according to the requirements of the 
Remedial Investigation Work Plan Addendum for Solvent Release Area OR-11), Naval Air Station South 
Weymouth, Weymouth, MA, dated October 2009. 
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The VOC analysis was performed according to USEPA SW-846 Method 8260B in the full scan mode and 
in selected ion monitoring (SIM) mode, and the MEE analysis was performed according to USEPA 
Method RSK-SOP 175. The VOC and MEE data validation was performed in accordance with the Region  
I EPA-NE Data Validation Functional Guidelines for Evaluating Environmental Analyses, December 1996. 
The criteria outlined in the Region I DV guidelines were applied for validation. 

The sample results, validation qualifiers (VQL), and qualifier codes (QLCD) are presented in the enclosed 
data summary tables. A list of the qualifier codes, which provide the reasons for the validation qualifiers, 
is enclosed. 

The data were evaluated based on the following parameters: 

• Laboratory Data Completeness 
• Preservation and Technical Holding Times 

* 	• 	GC/MS Instrument Performance Check (Tuning) 
• Initial and Continuing Calibrations 

* 	• 	Blanks 
• Surrogate Compounds 
• Internal Standards 
• Matrix Spike/Matrix Spike Duplicate 
• Laboratory Control Sample 

* 	• 	Field Duplicates 
• Limits of Detection 

All criteria were met for this parameter. 
NA 	Not applicable for this SDG. 

Laboratory Data Completeness 

Several sample IDs exceeded the 19-character limit of the laboratory's software system. Therefore, the 
sample IDs were truncated on all forms for these samples. Samples SE5425-1 and SE5425-3 were 
identified in the raw data incorrectly as SRA-GW-MW10406DI-0811 and SRA-GW-MW10407DI-0811, 
respectively. The correct IDs for these samples are SRA-GW-MW10406D1-0811 and SRA-GW-
MW10407D1-0811. The IDs for the affected samples are complete and correct on the data summary 
tables. No further action was taken. 

Sample SRA-GW-MW10302-811 was analyzed undiluted and at a 10x dilution for the VOC-SIM analysis. 
Tetrachloroethene exceeded the calibration range in both of these analyses. The laboratory was 
contacted on September 28, 2011 and asked to report this result from the VOC-full scan analysis in order 
to report this concentration within the calibration range. Requested data received on October 6, 2011. 

The chain-of-custody form was missing the sample collection time for SRA-GW-MW10302D-0811. Field 
sampler J. Traut identified the time as 10:55. 



Memo to Phoebe Call 
October 06, 2011 
Page 3 

Preservation and Technical Holding Times 

Volatiles - SIM 

The 14-day analytical holding time criterion was exceeded by one day for samples SRA-GW-MW20504D-
0811, SRA-GW-TB02-083011, and SRA-GW-MW10303-0811DL. The positive and nondetect results in 
these samples were qualified as estimated (J, UJ) due to possible target compound degradation. 

The project accuracy goals may be impacted for these samples as a result of the exceeded holding time 
criterion. The positive and non-detected VOC results in these samples are usable as estimated values 
which may be biased low. 

Initial and Continuing Calibrations 

Volatiles-Full scan 

The following table summarizes the VOC-Full scan compounds that failed to meet the initial calibration 
criterion of %RSD <30% or the continuing calibration criterion of %D <25%: 

Compounds %RSD 
n 

Affected Samples 
(+) 

Action 

Chloroethane 53.8 UJ 
SRA-GW-MW20501-0911, 
SRA-GW-RB01-090111, 

SRA-GW-MW 10406-0911 

The %RSD or %D exceeded the QC limit for chloroethane; therefore, the project accuracy goals may be 
impacted. The non-detected chloroethane results in affected samples are usable as estimated values. 

The following table summarizes the VOC-Full scan compounds that failed to meet the initial calibration 
verification (ICV) recovery criteria of 75-125%: 

Compounds ICV %R A ction Affected Samples 
(+) NDs 

Chloromethane 72 UJ 

SRA-GW-TB01-082911, 
SRA-GW-MW10406D1-0811, 
SRA-GW-MW10407D1-0811, 
SRA-GW-MW10407D2-0811, 
SRA-GW-MW10304D-0811, 

SRA-GW-DUP01-082911 
SRA-GW-MW10406D2-0811, 

SRA-GW-MW10304-0811, 
SRA-GW-MW10408D1-0811, 
SRA-GW-MW10302D-0811 

The ICV recovery criteria were not met for chloromethane; therefore, the project accuracy goals may be 
impacted. The non-detected chloromethane results in affected samples are usable as estimated values 
which may be biased low. 
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Volatiles -SIM 

The following table summarizes the VOC-SIM compounds that failed to meet the initial calibration relative 
response factor (RRF) criterion of >0.05: 

Compounds RRF 
n 

Affected Samples 
(+) 

Action 

1,1,2-Trichloroethane 
0.043, 
0.042 

UJ 

SRA-GW-MW20504D-0811, 
SRA-GW-DUP02-083011, 

SRA-GW-MW11-128-0811, 
SRA-GW-MW10302-0811, 

SRA-GW-MW10408D1-0811, 
SRA-GW-MW20501-0911, 
SRA-GW-RB01-090111, 

SRA-GW-MW10406-0911, 
SRA-GW-MW10303-0811 

The RRF did not meet the minimum RRF criterion for 1,1,2-trichloroethane; therefore, the project 
accuracy goals may be impacted. The non-detected 1,1,2-trichloroethane results in affected samples are 
usable as estimated values. 

The following table summarizes the VOC-SIM compounds that failed to meet the ICV recovery criteria of 75-
125%: 

Compounds ICV %R 
n 

Affected Samples 
(+) 

Action 

Tetrachloroethane 
130, 
144, J 

SRA-GW-DUP01-082911, 
SRA-GW-MW10406D2-0811, 

SRA-GW-MW10304D-0811DL, 
SRA-GW-MW10303-0811DL, 

SRA-GW-MW10340-0811, 
SRA-GW-MW10411D1-0811, 

SRA-GW-MW10411D2-0811DL, 
SRA-GW-MW10406-0911 

The ICV recovery criteria were not met for tetrachloroethane; therefore, the project accuracy goals may 
be impacted. The positive tetrachloroethane results in affected samples are usable as estimated values 
which may be biased high. 

Surrogate Recoveries  

Volatiles — SIM 

The following table summarizes the volatile-SIM surrogate compounds that failed to meet the recovery 
QC limits of 70-130%: 
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Sample ID Surrogate %Rec 
Action 

(+) (NDs) 
SRA-GW-MW10407D2-0811 Dibromofluoromethane 134 J 

SRA-GW-MW10304D-0811 
Toluene-d8  69.2 J UJ 

1,2-Dichloroethane-d4  135 J 
Dibromofluoromethane 137 J 

SRA-GW-MW10408D1-0811 1,2-Dichloroethane-d4  131 J 
SRA-GW-MW10408D1-0811DL Dibromofluoromethane 132 J 

SRA-GW-MW10302-0811 
Toluene-d8  132 J 

1,2-Dichloroethane-d4  145 J 
Dibromofluoromethane 131 J 

SRA-GW-MW10406-0911 
1,2-Dichloroethane-d4  139 J 

Dibromofluoromethane 134 J 
SRA-GW-MW10411D1-0811 1,2-Dichloroethane-d4  131 J 

SRA-GW-MW10411D2-0811 
1,2-Dichloroethane-d4  136 J 
Dibromofluoromethane 136 J 

SRA-GW-MW10411D2-0811DL 1,2-Dichloroethane-d4  139 J 
Dibromofluoromethane 133 J 

The surrogate recovery criteria were not met for the samples listed above; therefore, the project accuracy 
goals may be impacted. The positive and non-detected VOC results in sample SRA-GW-MW10304D-
0811 are usable as estimated values for which a bias is indeterminate due to the conflicting bias exhibited 
by the low and high surrogate recoveries. The positive VOC results in the remaining samples listed 
above are usable as estimated values which may be biased high. 

Internal Standards  

Volatiles — SIM 

The following table summarizes the volatile-SIM internal standards that failed to meet the QC criteria of 
50-200% of the respective area in the associated continuing calibration standard: 

Sample ID Internal standard* 0/0  Action 
(+) (NDs) 

SRA-GW-DUP01-082911 
1,4-Dichlorobenzene-di  

47 UJ 
SRA-GW-MW10304D-0811 49 UJ 

*Associated compounds: 1,1,2,2-tetrachloroethane, 1,4-dichlorobenzene, and 
1,2,4-trichlorobenzene 

The internal standard QC criteria were not met for 1,4-dichlorobenzene-d4  for the samples listed above; 
therefore, the project accuracy goals may be impacted. The non-detected results for 1,1,2,2- 
tetrachloroethane, 1,4-dichlorobenzene, and 1,2,4-trichlorobenzene in the affected samples are usable as 
estimated values. 
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Matrix Spike/Matrix Spike Duplicate  

Volatiles — SIM 

The following table summarizes the volatile-SIM compounds that failed to meet the matrix spike/matrix 
spike duplicate (MS/MSD) recovery QC limits: 

Compound 
I 

MS/MSD 
%Rec. 

%Rec. 
QC Limits 

Action 
Affected Samples 

(+) 	NDs 
Chloroform 
	

151/141 
Trichloroethene 	-/150 

70-130 
70-130 

SRA-GW-MW10408D1-0811 

-criterion met 

The MS/MSD recovery criteria were above the criteria for chloroform and trichloroethene; therefore, the 
project accuracy goals may be impacted. The positive chloroform and trichloroethene results in sample 
SRA-GW-MW10408D1-0811 are usable as estimated values which may be biased high. 

Dissolved gases 

The following table summarizes the compound that failed to meet the MS/MSD recovery QC limits: 

Compound 
MS/MSD 
%Rec. 

%Rec. 
QC Limits 

Action 
Affected Samples 

(+) NDs 
Methane 69/- 70-130 UJ SRA-GW-MW10408D1-0811 

-criterion met 

Although the MS/MSD recovery criteria were not met for methane; the project accuracy goals are not 
impacted since there are no PALs established for this compound. The nondetect methane result in 
sample SRA-GW-MW10408D1-0811 is usable as an estimated value which may be biased low. 

Laboratory Control Sample 

Volatiles — SIM 

The following table summarizes the volatile-SIM compound that failed to meet the laboratory control 
sample (LCS) recovery QC limits: 

Compound %Rec. 
%Rec. 

QC Limits 
Action 

Affected Samples 
(+) NDs 

Tetrachloroethene 144 70-130 J 

SRA-GW-MW10411D1-0811, 
SRA-GW-MW10340-0811, 

SRA-GW-MW10303-0811DL, 
SRA-GW-MW10411D2-0811DL 

Chloroform 132 70-130 J 
SRA-GW-RB01-090111, 

SRA-GW-MW10406-0911 
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The LCS recovery criteria were above the limits for tetrachloroethene and chloroform; therefore, the 
project accuracy goals may be impacted. The positive tetrachloroethane and chloroform results in the 
affected samples are usable as estimated values which may be biased high. 

Limits of Detection 

Non-detected results were reported at the limit of detection (LOD). Positive results below the limit of 
quantitation (LOQ) and above the method detection limit (MDL) were qualified as estimated (J) due to 
uncertainty below the LOQ. Project action limits are evaluated for non-detected results only (reported at 
the LOD). 

There are no project action limits (PALs) established for the rinsate or trip blank samples. 

Volatiles — Full Scan 

All PALs were met by the LODs for the volatiles-full scan compounds. 

Volatiles — SIM 

The initial analysis for samples SRA-GW-MW10303-0811 and SRA-GW-MW10304D-0811 were 
performed at a 2x dilution due to the high concentration of some target compounds present in these 
samples. Consequently, the PAL was not met by the LOD for vinyl chloride in these samples. Data 
usability may be impacted for this compound. 

No SIM analysis was performed for samples SRA-GW-CH108MW01-0911, SRA-GW-MW10302D-0811, 
SRA-GW-MW10405D1-0911, and SRA-GW-MW10405D2-0811 because of the high concentration of 
tetrachloroethene present in these samples. The SIM target compounds for these samples were reported 
from the full scan analyses; consequently, the PALS were not met by the LODs for the following 
compounds: 1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane, 1,2-dichloroethane, 1,2-dichloropropane, 
bromodichloromethane, carbon tetrachloride, chloroform, cis-1,3-dichloropropene, 
dibromochloromethane, trans-1,3-dichloropropene, trichloroethene, and/or vinyl chloride. Data usability 
may be impacted for these compounds. 

Dissolved Gases 

There are no PALs established for methane, ethane, or ethane. 

Analytical Data Usability Assessment  

The data usability assessment was performed to determine if the analytical data reported by the 
laboratory for this SDG met the project data quality objectives for acceptable accuracy, precision, 
sensitivity, and completeness; and to determine and define the impact of the exceeded quality control 
indicators on the technical usability of the data. Please refer to the specific sections in the above 
validation report for further details. 
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This is a partial evaluation based on laboratory quality control (QC) and limited field information available 
at the time of the assessment. A comprehensive project data usability assessment will be performed later 
when all data are available. 

Volatiles — Full Scan 

The project goals with respect to accuracy were met for the volatiles — Full scan data set with the 
following exceptions. Chloroethane and chloromethane were qualified as estimated in select samples due 
to instrument calibration variability. Although specific method criteria were not met in these instances, the 
affected non-detected results are usable as estimated values which may have a minor impact on data 
usability. 

The project goals with respect to precision, sensitivity, and laboratory data completeness were met for the 
volatiles — full scan data set. Data usability was not impacted with regards to precision, sensitivity, and 
laboratory data completeness. 

Volatiles — SIM 

The project goals with respect to accuracy were met for the volatiles - SIM data set with the following 
exceptions. All VOCs reported by SIM in samples SRA-GW-MW20504D-0811 and SRA-GW-TB02- 
083011 and tetrachloroethane and trichloroethene reported in the dilution analysis of SRA-GW-
MW10303-0811 were qualified as estimated due to the exceeded analytical holding time criterion. 
Tetrachloroethane, and trichloroethene were qualified as estimated in select samples due to instrument 
calibration variability or low instrument respnse. The positive and nondetect VOC results in select 
samples were qualified as estimated due to low or high surrogate recoveries. 1,1,2,2-tetrachloroethane, 
1,4-dichlorobenzene, and 1,2,4-trichlorobenzene in select samples were qualified as estimated due to 
poor internal standard performance. Chloroform and trichloroethene were qualified as estimated due to 
high MS/MSD recoveries. Tetrachloroethene and chloroform were qualified as estimated in select 
samples due to high LCS recoveries. Although specific method criteria were not met in these instances, 
the affected positive and non-detected results are usable as estimated values which may have a minor 
impact on data usability. 

The project goals with respect to precision were met for the volatiles - SIM data set. Data usability was 
not impacted with regards to precision. 

The project goals with respect to sensitivity were met for the volatiles - SIM data set with the following 
exceptions. The PALS were not met by the LODs for the following compounds: 1,1,2,2-tetrachloroethane, 
1,1,2-trichloroethane, 1,2-dichloroethane, 1,2-dichloropropane, bromodichloromethane, carbon 
tetrachloride, chloroform, cis-1,3-dichloropropene, dibromochloromethane, trans-1,3-dichloropropene, 
trichloroethene, and/or vinyl chloride in select samples. Data usability may be impacted for these 
compounds. 

The project goals with respect to laboratory data completeness were met for the volatiles - SIM data set. 

Dissolved gases 

The project goals with respect to accuracy were met for the dissolved gases data set with the following 
exceptions. Methane was qualified as estimated in sample SRA-GW-MW10408D1-0811 due to the low 
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MS recovery. Although specific method criteria were not met in this instance, the affected non-detected 
result is usable as an estimated value which does not impact data usability as there are no established 
PALs for methane. 

The project goals with respect to precision, sensitivity, and laboratory data completeness were met for the 
dissolved gases data set. Data usability was not impacted with regards to precision, sensitivity, and 
laboratory data completeness. 

Tables: 	 Data Validation Qualifiers and Codes 
Data Summary Tables 

Enclosures: 	Data Validation Worksheets 



Data Validation Qualifiers and Codes 

Data Validation Qualifiers: 

= No qualifier attached to value (positive hit) 
J 	= Value is estimated 
U = Value is not detected 
UJ = Value is not detected and estimated 
R = Value (positive hit) is not usable 
UR = Value was reported as ND but is not usable 

Qualifier Codes: 

A 	Lab Blank Contamination 

B 	Field Blank Contamination 

C 	= Calibration Noncompliance (e.g. % RSDs, %Ds, ICVs, CCVs, RRFs, etc.) 

CO1 = GC/MS Tuning Noncompliance 

D = MS/MSD Recovery Noncompliance 

E = LCS/LCSD Recovery Noncompliance 

F 	= Lab Duplicate Imprecision 

G 	= Field Duplicate Imprecision 

H = Holding Time Exceedance 

I 	= ICP Serial Dilution Noncompliance 

J = GFAA PDS - GFAA MSA's r < 0.995 

K 	= ICP Interference - includes ICS % R Noncompliance 

L 	Instrument Calibration Range Exceedance 

M = Sample Preservation Noncompliance 

N = Internal Standard Noncompliance 

NO1 = Internal Standard Recovery Noncompliance Dioxins 

NO2 = Recovery Standard Noncompliance Dioxins 

NO3 = Clean-up Standard Noncompliance Dioxins 

O 	= Poor Instrument Performance (e.g. base-line drifting) 

P 	= Uncertainty below quantitation limit (< QL but MDL) 

Q 	= Other problems (can encompass a number of issues; e.g. chromatography,interferences, etc.) 

R = Surrogates Recovery Noncompliance 

S 	= Pesticide/PCB Resolution 

T = % Breakdown Noncompliance for DDT and Endrin 

U 	= % Difference between columns/detectors >25% for positive results determined via GC/HPLC 

V 	= Non-linear calibrations; correlation coefficient r < 0.995 

W = EMPC result 

X 	= Signal to noise response drop 
Y = Percent solids <30% 
Z 	= Uncertainty at 2 sigma deviation is greater than sample activity 
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UNITS   
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DUP_OF   

I  PARAMETER   
1,1,1-TRICHLOROETHANE  
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE  
1,1-DICHLOROETHANE  
1,1-DICHLOROETHENE  
1,2,4-TRICHLOROBENZENE 
1,2-DICHLOROBENZENE 
1,2-DICHLOROETHANE  

I  1,2-DICHLOROPROPANE  
1,3-DICHLOROBENZENE  
1,4-DICHLOROBENZENE   
BROMODICHLOROMETHANE  
CARBON TETRACHLORIDE 
CHLOROBENZENE  
CHLORODIBROMOMETHANE  
CHLOROETHANE  
!CHLOROFORM  
ICHLOROMETHANE  
CIS-1,2-DICHLOROETHENE  
CIS-1,3-DICHLOROPROPENE  
DICHLORODIFLUOROMETHANE  
METHYLENE CHLORIDE  
TETRACHLOROETHENE  
TRANS-1,2-DICHLOROETHENE  
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VINYL CHLORIDE 
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FRACTION:  OV 
MEDIA:  WATER 
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1,1,1-TRICHLOROETHANE  
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE 
1,1-DICHLOROETHANE 
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TRANS-1,3-DICHLOROPROPENE  
TRICHLOROETHENE  
TRICHLOROFLUOROMETHANE  
VINYL  CHLORIDE 	 1 
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1,1,1-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE  
1,1-DICHLOROETHANE 
1,1-DICHLOROETHENE  
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1,2-DICHLOROBENZENE  
1,2-DICHLOROETHANE  
1,2-DICHLOROPROPANE  
1,3-DICHLOROBENZENE  
1,4-DICHLOROBENZENE  
BROMODICHLOROMETHANE  
CARBON TETRACHLORIDE  
I  CHLOROBENZENE  
CHLORODIBROMOMETHANE  
CHLOROETHANE  
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1CHLOROMETHANE  
I  CIS-1,2-DICHLOROETHENE  
ICIS-1,3-DICHLOROPROPENE  
1DICHLORODIFLUOROMETHANE  
METHYLENE CHLORIDE  
TETRACHLOROETHENE  
TRANS-1,2-DICHLOROETHENE  
TRANS-1,  3-DICHLOROPROPENE  
TRICHLOROETHENE  
TRICHLOROFLUOROMETHANE  
VINYL CHLORIDE 

SDG:  SRA-3  
FRACTION:  OV 
MEDIA:  WATER 
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SAMP_DATE  
QC_TYPE 
UNITS  
PCT_SOLIDS   
DUP_OF  

PARAMETER  
1,1,1-TRICHLOROETHANE  
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE 
1,1-DICHLOROETHANE 
1,1-DICHLOROETHENE 
1,2,4-TRICHLOROBENZENE  
1,2-DICHLOROBENZENE  
1,2-DICHLOROETHANE  
1,2-DICHLOROPROPANE  
1,3-DICHLOROBENZENE  
1,4-DICHLOROBENZENE  
BROMODICHLOROMETHANE  
CARBON TETRACHLORIDE  
CHLOROBENZENE  
CHLORODIBROMOMETHANE  
CH LOROETHANE  
'CHLOROFORM  
CHLOROMETHANE  
CIS-1,2-DICHLOROETHENE  
CIS-1,3-DICHLOROPROPENE 
DICHLORODIFLUOROMETHANE  
METHYLENE CHLORIDE  
TETRACHLOROETHENE  
TRANS-1,2-DICHLOROETHENE 
TRANS-1,3-DICHLOROPROPENE  
TRICHLOROETHENE  
TRICHLOROFLUOROMETHANE   
VINYL CHLORIDE 

PROJ_NO:  02073 
SDG:  SRA-3 
FRACTION:  OV 
MEDIA:  WATER 
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1,1,1-TRICHLOROETHANE  
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE  
1,1-DICHLOROETHANE   
1,1-DICHLOROETHENE  
1,2,4-TRICHLOROBENZENE  
1,2-DICHLOROBENZENE  
1,2-DICHLOROETHANE  

1 1,2-DICHLOROPROPANE  
1,3-DICHLOROBENZENE  
1,4-DICHLOROBENZENE  
BROMODICHLOROMETHANE  
CARBON TETRACHLORIDE  

1CHLOROBENZENE  
CHLORODIBROMOMETHANE  
CHLOROETHANE   
CHLOROFORM  
CHLOROMETHANE  
CIS-1,2-DICHLOROETHENE  
CIS-1,3-DICHLOROPROPENE  
DICHLORODIFLUOROMETHANE  
METHYLENE CHLORIDE   
TETRACHLOROETHENE  
TRANS-1,2-DICHLOROETHENE  
TRANS-1,3-DICHLOROPROPENE  
TRICHLOROETHENE  
TRICHLOROFLUOROMETHANE  
VINYL CHLORIDE  

PARAMETER  

PROJ_NO:  02073 
SDG:  SRA-3 
FRACTION:  OV 
MEDIA:  WATER 
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DUP_OF  

1,1,1-TRICHLOROETHANE  
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE  
1,1-DICHLOROETHANE 
1,1-DICHLOROETHENE  
1,2,4-TRICHLOROBENZENE  
1,2-DICHLOROBENZENE  
1,2-DICHLOROETHANE  
1,2-DICHLOROPROPANE  
1,3-DICHLOROBENZENE  
1,4-DICHLOROBENZENE  
BROMODICHLOROMETHANE  
CARBON TETRACHLORIDE  
CHLOROBENZENE  
CHLORODIBROMOMETHANE  
CHLOROETHANE  
CHLOROFORM  
CHLOROMETHANE  
CIS-1,2-DICHLOROETHENE  
CIS-1,3-DICHLOROPROPENE  
DICHLORODIFLUOROMETHANE   
METHYLENE  CHLORIDE  
TETRACHLOROETHENE  
TRANS-1,2-DICHLOROETHENE  
TRANS-1,3-DICHLOROPROPENE  
TRICHLOROETHENE  
TRICHLOROFLUOROMETHANE  
VINYL CHLORIDE 	 1 

I PROJ_NO:  02073 
SDG:  SRA-3 
FRACTION:  OV 
MEDIA:  WATER 

' PARAMETER  
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1,1,1-TRICHLOROETHANE  
1,1,2,2-TETRACHLOROETHANE  
1,1,2-TRICHLOROETHANE  
1,1-DICHLOROETHANE  
1,1-DICHLOROETHENE   

11,2,4-TRICHLOROBENZENE   
1,2-DICHLOROBENZENE  
1,2-DICHLOROETHANE  
1,2-DICHLOROPROPANE  
1,  3-DICHLOROBENZENE  

1 1,4-DICHLOROBENZENE  
1BROMODICHLOROMETHANE  
CARBON TETRACHLORIDE  
CHLOROBENZENE  
CHLORODIBROMOMETHANE  
CHLOROETHANE  
CHLOROFORM  

1CHLOROMETHANE  
1CIS-1,2-DICHLOROETHENE  
CIS-1,  3-DICHLOROPROPENE  
DICHLORODIFLUOROMETHANE  
METHYLENE CHLORIDE  
TETRACHLOROETHENE  
TRANS-1,2-DICHLOROETHENE  
TRANS-1,3-DICHLOROPROPENE   
TRICHLOROETHENE  
TRICHLOROFLUOROMETHANE   
VINYL  CHLORIDE 

PARAMETER  

PROJ_NO:  02073 
SDG:  SRA-3 
FRACTION:  OV 
MEDIA:  WATER 
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I  PARAMETER  

1 1,1,1-TRICHLOROETHANE  

1 1,1,2,2-TETRACHLOROETHANE  
1 1,  1,2-TRICHLOROETHANE  
1 1,1-DICHLOROETHANE  
1 1,1-DICHLOROETHENE  

1 1,2,4-TRICHLOROBENZENE  

1,2-DICHLOROBENZENE  

1,2-DICHLOROETHANE  

1,2-DICHLOROPROPANE  

1,3-DICHLOROBENZENE  

1,4-DICHLOROBENZENE  

BROMODICHLOROMETHANE  

CARBON TETRACHLORIDE  

ICHLOROBENZENE  

I  CHLORODIBROMOMETHANE  

CHLOROETHANE  
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I  CHLOROMETHANE  

CIS-1,2-DICHLOROETHENE  

CIS-1,3-DICHLOROPROPENE  

DICHLORODIFLUOROMETHANE  

METHYLENE CHLORIDE  

TETRACHLOROETHENE  

TRANS-1,2-DICHLOROETHENE  

TRANS-1,  3-DICHLOROPROPENE  

TRICHLOROETHENE  

TRICHLOROFLUOROMETHANE  

VINYL CHLORIDE 

PROJ_NO:  02073 
SDG:  SRA-3  
' FRACTION:  OV 
MEDIA:  WATER 
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TETRA TECH NUS, INC 	 INTERNAL CORRESPONDENCE 

C-NAVY-10-11-4593W 

Date: 	October 10, 2011 

To: 	Phoebe Call (w/o enc.) 

From: 	Ann L. Franke (no copy) AP 

c: File G02073-4.10 (w/enc.-original) 
D. Seiken (w/o enc.) 

	

Subject: 	Tier II Organic/Inorganic Data Validation, SDG SRA-3 
Katandin Analytical 
CTO WE11, Solvent Release Area, NAS South Weymouth, Weymouth, MA 

TOC/Alkalinity/Nitrate/Nitrite/Phosphate/Chloride/Sulf ate/Ammonia/Sulfide: 
6/Groundwaters/ 	SRA-GW-DUP02-083011 	SRA-GW-MW10302-0811 

SRA-GW-MW10302D-0811 	SRA-GW-MW10408D1-0811 
SRA-GW-MW11-128-0811 	SRA-GW-MW20504D-0811 

(Field Duplicate Pair: 
SRA-GW-MW11-128-0811/ SRA-GW-DUP02-083011) 

1/Rinsate Blank/ 	SRA-GW-RB01-090111 

Tetra Tech NUS, Inc. (TtNUS) performed a Tier II data validation on the total organic carbon (TOC), 
alkalinity, nitrate, nitrite, orthophosphate, chloride, sulfate, ammonia, and sulfide analytical data for the 
groundwater samples in this SDG. The samples were collected at the Solvent Release Area on August 30 
and September 1, 2011. Sample collection and analysis was performed according to the requirements of 
the Remedial Investigation Work Plan Addendum for Solvent Release Area (IR-11), Naval Air Station 
South Weymouth, Weymouth, MA, dated October 2009. 

The TOC analysis was performed according to EPA Method 415.1. The alkalinity analysis was performed 
according to EPA Method 310.1. The orthophosphate, sulfide, and chloride analyses were all performed 
according to Standard Method 4500. The sulfate analysis was performed according to ASTM 516-90. The 
ammonia analysis was performed according to EPA Method 350.1. The nitrate and nitrite analyses were 
performed according to EPA Methods 353.2. The data validation was performed for the parameters listed 
below in accordance with the Region I EPA-NE Data Validation Functional Guidelines for Evaluating 
Environmental Analyses, Part IV, Inorganic Data Validation Functional Guidelines, November 2008. The 
criteria outlined in the Region I DV guidelines were applied for validation. 

The sample results, validation qualifiers (VQL), and qualifier codes (QLCD) are presented in the enclosed 
data summary tables. A list of the qualifier codes, which provide the reasons for the validation qualifiers, is 
enclosed. 

The data were evaluated based on the following parameters: 

	

• 	Laboratory Data Completeness 
. 	• 	Preservation and Technical Holding Times 
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• Initial and Continuing Calibrations 
• Blanks 
• Matrix Spike/Matrix Spike Duplicate 
• Laboratory Duplicates 
• Laboratory Control Sample 
• Field Duplicates 
• Limits of Detection 

All criteria were met for this parameter. 

Laboratory Data Completeness 

Select samples IDs exceeded the 19-character limit of the laboratory's software system. Therefore, the 
first characters "SR" or "S" or the final character "1" were omitted on all forms for these samples. The IDs 
for the affected samples are complete in the data summary tables. No further action was taken. 

The spike amount for the matrix spike (MS) analysis was missing in the summary form, and the percent 
recoveries for the MS and MS duplicate did not appear to be correct. The laboratory resubmitted the 
corrected form with the spike amount by email on September 28, 2011. The laboratory explained in the 
email that the recoveries are correct but reflect a dilution due to the spike addition; the calculations were 
provided in the email. 

The September 28, 2011 email also provided the laboratory's continuing calibration verification recovery 
limits, which were not provided in the summary forms. The laboratory also clarified that, for TOC, samples 
labeled "Blank" consist of deionized water. The first blank in the analytical run is considered a method 
blank, and the subsequent blanks are continuing calibration blanks (CCBs). 

The chain-of-custody form was missing the sample collection time for SRA-GW-MW10302D-0811. Field 
sampler J. Traut identified the time as 10:55. 

Blanks 

The following table summarizes the maximum level of blank contamination detected in the laboratory 
blanks associated with the groundwater and rinsate blank samples. 

Compound 
Maximum 

Conc. 
(pg/L) 

Action 
Level 
(1.1g/L) 

Affected Samples 

Alkalinity 1.9 9.5 
SRA-GW-RB01-090111 

Chloride 0.456 2.28 

Sulfate 0.495 2.48 
SRA-GW-DUP02-083011, SRA-GW-MW11-128-0811, 
SRA-GW-RB01-090111 

TOC 

. 

0.44 2.2 
SRA-GW-MW10302D-0811, SRA-GW-MW10408D1-0811, 
SRA-GW-MW20504D-0811 

0.856 4.28 
SRA-GW-DUP02-083011, SRA-GW-MW11-128-0811, 
SRA-GW-RB01-090111 
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The positive alkalinity, chloride, sulfate, and TOC results below the blank action level are changed to non-
detected values (U) due to laboratory blank contamination. Results below the blank action level and 
below the limit of detection (LOD) are changed to non-detected values (U) at the LOD. 

Although alkalinity, chloride, sulfate, and TOC were found in the laboratory blanks, the project sensitivity 
goals are not impacted by the blank actions since there are no project action limits (PALs) established for 
these analytes for the groundwater and rinsate blank samples. The alkalinity, chloride, sulfate, and TOC 
results in the affected samples are usable as non-detected values at elevated reporting limits. 

Matrix Spike/Matrix Spike Duplicate 

The following table summarizes the results of the matrix spike (MS) analysis of sample SRA-GW-
MW10408D1-0811 that were outside of the QC limits: 

Analyte % Rec. 
%Rec. 

QC Limits 
Action 

(+) NDs 
Sulfate 74 75-125 J UJ 

Although the percent recovery criteria were not met for sulfate, the project accuracy goals are not 
impacted since there is no PAL established for sulfate. The positive and non-detected sulfate results in all 
samples are usable as estimated values which may be biased low. 

Limits of Detection 

Non-detected results were reported at the limit of detection (LOD). Positive results below the limit of 
quantitation (LOQ) and above the method detection limit (MDL) were qualified as estimated (J) due to 
uncertainty below the LOQ. 

There are no PALs established for alkalinity, nitrate, nitrite, orthophosphate, chloride, sulfate, ammonia, 
sulfide, or TOC for the groundwater and rinsate blank samples. 

As noted in the Blanks section above, results for alkalinity, chloride, sulfate, and TOC were changed to 
non-detected values in select samples due to blank contamination. Data usability is not impacted. 

Analytical Data Usability Assessment 

The data usability assessment was performed to determine if the analytical data reported by the laboratory 
for this SDG met the project data quality objectives for acceptable accuracy, precision, sensitivity, and 
completeness; and to determine and define the impact of the exceeded quality control indicators on the 
technical usability of the data. Please refer to the specific sections in the above validation report for further 
details. 

This is a partial evaluation based on laboratory quality control (QC) and limited field information available 
at the time of the assessment. A comprehensive project data usability assessment will be performed later 
when all data are available. 
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The project goals with respect to accuracy were met for the TOC, alkalinity, nitrate, nitrite, 
orthophosphate, chloride, sulfate, ammonia, and sulfide data sets. Sulfate was qualified as estimated in all 
samples due to the low MS recovery. Although specific method criteria were not met in this instance, data 
usability is not impacted and the affected positive and non-detected results are usable as estimated 
values. 

The project goals with respect to precision and laboratory data completeness were met for the TOC, 
alkalinity, nitrate, nitrite, orthophosphate, chloride, sulfate, ammonia, and sulfide data sets. Data usability 
was not impacted with regards to precision and laboratory data completeness. 

The project goals with respect to sensitivity could not be evaluated for the TOC, alkalinity, nitrate, nitrite, 
orthophosphate, chloride, sulfate, ammonia, and sulfide data sets since no PALs are established for these 
parameters. 

Tables: 	 Data Validation Qualifiers and Codes 
Data Summary Tables 

Enclosures: 	Data Validation Worksheets 



Data Validation Qualifiers and Codes 

Data Validation Qualifiers: 

= No qualifier attached to value (positive hit) 
J 	= Value is estimated 
U = Value is not detected 
UJ = Value is not detected and estimated 
R 	= Value (positive hit) is not usable 
UR = Value was reported as ND but is not usable 

Qualifier Codes: 

A 	= Lab Blank Contamination 

B 	= Field Blank Contamination 

C 	= Calibration Noncompliance (e.g. % RSDs, %Ds, ICVs, CCVs, RRFs, etc.) 

CO1 = GC/MS Tuning Noncompliance 

D = MS/MSD Recovery Noncompliance 

E = LCS/LCSD Recovery Noncompliance 

F 	= Lab Duplicate Imprecision 

G 	= Field Duplicate Imprecision 

H = Holding Time Exceedance 

I 	= ICP Serial Dilution Noncompliance 

J = GFAA PDS - GFAA MSA's r < 0.995 
K 	= ICP Interference - includes ICS % R Noncompliance 

L 	= Instrument Calibration Range Exceedance 

M = Sample Preservation Noncompliance 

N 	= Internal Standard Noncompliance 

NO1 = Internal Standard Recovery Noncompliance Dioxins 

NO2 = Recovery Standard Noncompliance Dioxins 

NO3 = Clean-up Standard Noncompliance Dioxins 

0 	= Poor Instrument Performance (e.g. base-line drifting) 
P 	= Uncertainty below quantitation limit (< OL but MDL) 

Q 	= Other problems (can encompass a number of issues; e.g. chromatography,interferences, etc.) 
R 	= Surrogates Recovery Noncompliance 

S 	= Pesticide/PCB Resolution 

T = % Breakdown Noncompliance for DDT and Endrin 

U 	= % Difference between columns/detectors >25% for positive results determined via GC/HPLC 
V 	= Non-linear calibrations; correlation coefficient r < 0.995 

W = EMPC result 

X 	= Signal to noise response drop 
Y 	= Percent solids <30% 
Z 	= Uncertainty at 2 sigma deviation is greater than sample activity 
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EVALUATION OF EXCAVATION OF SATURATED SOIL IN THE SOURCE AREA 
SOLVENT RELEASE AREA FEASIBILITY STUDY 

NAS SOUTH WEYMOUTH, WEYMOUTH, MASSACHUSETTS 
 

Introduction 

 

A technical meeting was held on October 28, 2010 at EPA’s offices, Boston, MA to discuss comments 

received on the draft Feasibility Study (FS) for the Solvent Release Area (SRA) at NAS South Weymouth.  

One of the next steps documented in the minutes of the meeting issued on November 8, 2010 was: Navy 

will develop a detailed cost estimate for removal of soil in the source area [50 ft. x 100 ft. to a depth of 20 

ft.].  Background information on the SRA Site is provided below followed by the assumptions and 

approach used to develop a cost estimate for this option. 

 

Background 

 

The SRA (Solvent Release Area) Site is a PCE groundwater contamination site.  High concentrations of 

PCE were detected in the shallow groundwater and a PCE plume has been delineated to the bedrock and 

downgradient of the source area.  The source of the PCE is unknown.  The site was originally intended to 

be a background sample location, but the sample results showed otherwise.  The site is within wetlands 

and away from the developed portions of the base.  Speculation is that the PCE came from the nearby 

hobby shop or garage. 

 

As noted, the site is a wetland, and depth to water is about 1 to 2 feet bgs.  The depth to bedrock is about 

20 feet bgs average, but as seen on the cross-sections, the bedrock surface slopes down steeply to the 

north. 

 

Treatment of this source area was proposed in the FS, but EPA requested that excavation of the 

saturated soil be considered.  DNAPL may be present, and excavation may be the most effective way to 

remove it.  Although concerns with implementation of this type of excavation were discussed at the 

meeting, Navy agreed to EPA’s request to develop a cost estimate for the removal of the source area by 

excavation. 

 

The area to be excavated would be the area defined by the 10,000 µg/L PCE contour.  The footprint 

would be 100 feet by 50 feet, and the depth would be to bedrock.  The depth to bedrock varies from 

approximately 17 feet at the southern end, 20 feet in the middle, and 31 feet at the northern end.  See the 

attached figures and cross-sections. 
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The soil varies from sand and silt, to sand and gravel to sand, silt, and gravel.  Cobbles have been 

encountered during boring activities. 

 

Because of the high concentrations of PCE, a portion of the soil is to be assumed to be TCLP hazardous.  

Similarly, the groundwater is assumed to be hazardous for TCLP-PCE. 

 

Excavation of Saturated Soils – Assumptions and Approach 

 

The initial approach was to assume that the area could be dewatered so that dry material would be 

removed and conventional backfilling could occur.  Two excavation methods were considered, one with 

sheet piling to limit the amount of water than would enter the excavation and one without piling.  The 

dewatering volumes and flow rates were estimated using hydraulic methods that consider soil type, 

hydraulic conductivity, and hydraulic head.  Because there is no confining layer between the bedrock and 

the unconsolidated material, water will flow up into the excavation even if sheet piling is used.  In the 

scenario using sheet piling, the estimated total volume of water is 900,000 gallons, and the long-term 

pumping rate is 60 gpm.  In the scenario without sheet piling, the estimated total volume is 5,500,000 

gallons and the long-term pumping rate is 30 gpm.  This water would need to be treated and then 

discharged to a surface water stream.  Because of these large volumes and high flow rates of highly 

contaminated groundwater (1,000 to 10,000 µg/L PCE), the dewatering scenarios were not pursued 

further. 

 

The engineering and installation problems associated with the sheet piling were further considered.  First, 

because the depth of excavation extends down to bedrock and sheet piling cannot be driven into bedrock, 

the sheet piling cannot be supported by cantilevering.  The method to support the sheet piling in this type 

of situation consists of providing internal support in the form of wales and struts or wales and tie-backs.  

The presence of the struts would interfere with the excavation and may require installation of the struts 

below the water surface.  The installation of tie-backs would require installation below the water surface 

and a significant amount of dewatering.  Another issue is the presence of cobbles which, if significant, 

would prevent driving the sheet piling.  If a cobble is encountered, the cobble will stop advancement of 

the piling, and the piling must be withdrawn.  The cobble may be removed by excavation, or the piling wall 

can be rerouted.  However, this adds time and costs to the project.  Because of the costs and engineering 

issues associated with sheet piling, an alternative using sheet piling was not fully developed. 

 

A potentially feasible method would be excavation without sheet piling, using sloped walls (1.5H:1V) 

because of the instability of the soil.  A clamshell bucket excavator would be used to remove the soil 

much like sediment dredging.  The bucket full of saturated soil would be lifted up, and suspended over the 

excavation to allow excess water to drain.  After that water drains, the bucket would be emptied into a 
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haul truck that would take the soil to a plastic-lined (i.e., geomembrane) dewatering pad where free water 

would be allowed to drain off.  Water from the pad would be directed back to the excavation.  Because of 

the large excavation area, the excavator cannot place the soil directly onto a dewatering pad.  The 

excavation would progress from one end to the other, excavating to the full depth of the excavation before 

progressing further along the length of the excavation.  Approximately 10,100 cubic yards (CY) of soil will 

be excavated. 

 

After the free water has drained from the soil, a front end loader would load the soil onto haul trucks for 

off-site disposal.  Because the soil from the sloped sides will be exposed to the highly contaminated 

groundwater, that soil will also be disposed of off-site. 

 

The soil will be characterized for disposal prior to excavation.  Based on the existing data, a small portion 

of the soil in the center of the excavation (approximately 300 CY) is assumed to require disposal as a 

hazardous waste. 

 

As the water drains from the bucket and splashes into the excavation, VOCs will be stripped out.  Based 

on the PCE concentrations, there is a potential for high PCE concentrations in breathing air and Level C 

and possibly Level B PPE may be required.  (For the purposes of the estimate, workers in the immediate 

vicinity of the excavation are assumed to require Level C PPE.)  Air monitoring will also be required.  Also 

note that the release of VOCs may cause nuisance odors in the area, and control of the VOCs released 

to the air will be problematic. 

 

After the soil has been removed, contaminated groundwater will fill the excavation; concentrations are 

assumed to be in the general range of 10,000 to 20,000 µg/L PCE.  The concentration may be higher if 

DNAPL is dissolved or sorbed to particles suspended in the water.  Because this will represent a 

significant source, the water will be treated in place prior to filling the excavation.  Sodium permanganate 

(or a similar oxidizer) will be added to the water and mixed in place.  Mixing will be provided by circulating 

the water with two gas- or diesel-driven pumps, each operating at about 1,000 gpm.  Water will be 

withdrawn from one end and piped to the opposite end.  The oxidizer will be added as the water flows 

back into the excavation.  The estimated amount of sodium permanganate is 500 pounds.  The water will 

be treated until the PCE concentration reaches at least 1,000 µg/L.  Because the concentration of PCE in 

the surrounding groundwater is approximately 10,000 µg/L, a lower treatment level is not required 

because the water in the excavation footprint will eventually be recontaminated by the surrounding 

groundwater. 

 

Because of the high permeability of the soil, the water in the excavation cannot be pumped out, treated, 

and discharged because as noted before groundwater will quickly flow back into the excavation.   
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After the water is treated, the excavation will be filled with clean fill (gravel).  Gravel is preferred because 

it is a free-draining material that can be placed in water and traditional compaction would not be needed.  

Because water will be displaced by the gravel, some water must be pumped out, treated through a GAC 

system, and discharged.  Note that some of the water will seep back into the soil adjacent to the 

excavation.  Approximately 1,300,000 gallons of water are assumed to need to be treated and 

discharged. 

 

After the excavation is complete, the plastic lined dewatering pad will be removed and disposed, and the 

site will be restored as a wetland. 

 

The estimated cost for PCE source removal is $8,700,000. 



11/24/2010 2:21 PMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Source Excavation
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

1 PROJECT PLANNING & DOCUMENTS
1.1 Prepare Documents & Plans 300 hr $37.00 $0 $0 $11,100 $0 $11,100
1.2 Prepare Permits 200 hr $37.00 $0 $0 $7,400 $0 $7,400
2 MOBILIZATION AND DEMOBILIZATION

2.1 Site Support Facilities (trailers, phone, electric, etc.) 1 ls $1,000.00 $3,500.00 $0 $1,000 $0 $3,500 $4,500
2.2 Equipment Mobilization/Demobilization 13 ea $177.00 $610.00 $0 $0 $2,301 $7,930 $10,231
2.3 Crane Mobilization/Demobilization 1 ea $625.00 $2,550.00 $0 $0 $625 $2,550 $3,175
3 FIELD SUPPORT AND SITE ACCESS

3.1 Office Trailer 9 mo $360.00 $0 $0 $0 $3,240 $3,240
3.2 Field Office Equipment, Utilities, & Support 9 mo $470.00 $0 $4,230 $0 $0 $4,230
3.3 Storage Trailer (2 each) 18 mo $92.50 $0 $0 $0 $1,665 $1,665
3.4 Truck Scale 5 mo $3,630.00 $0 $0 $0 $18,150 $18,150
3.5 Temporary Roadway 85 sy $19.80 $5.88 $1.10 $0 $1,683 $500 $94 $2,276
3.6 Survey Support 10 day $1,075.00 $10,750 $0 $0 $0 $10,750
3.7 Site Superintendent 180 day $175.00 $384.64  $0 $31,500 $69,235 $0 $100,735
3.8 Site Health & Safety and QA/QC 180 day $175.00 $307.68 $0 $31,500 $55,382 $0 $86,882
3.9 Underground Utility Clearance 1 ls $10,000.00 $10,000 $0 $0 $0 $10,000

4 DECONTAMINATION
4.1 Decontamination Services 6 mo $1,220.00 $2,245.00 $1,550.00 $0 $7,320 $13,470 $9,300 $30,090
4.2 Temporary Equipment Decon Pad 1 ls $1,500.00 $2,000.00 $300.00 $0 $1,500 $2,000 $300 $3,800
4.3 Decon Water 6,000 gal $0.20 $0 $1,200 $0 $0 $1,200
4.4 Decon Water Storage Tank, 6,000 gallon 6 mo $771.00 $0 $0 $0 $4,626 $4,626
4.5 Clean Water Storage Tank, 4,000 gallon 6 mo $693.00 $0 $0 $0 $4,158 $4,158
4.6 Disposal of Decon Waste (liquid & solid) 6 mo $985.00 $5,910 $0 $0 $0 $5,910

5 SITE PREPARATION
5.1 Clear & Chip Trees 2 ac $2,400.00 $2,050.00 $0 $0 $4,800 $4,100 $8,900
5.2 Material Handling Pad, 10,000 sf 10,000 sf $5.84 $0.89 $1.34 $0 $58,400 $8,900 $13,400 $80,700

6 EXCAVATION AND DISPOSAL
6.1 Clamshell Crane, 2 cy 100 day $355.20 $1,590.00 $0 $0 $35,520 $159,000 $194,520
6.2 Excavator, 3.5 cy 100 day $355.20 $2,359.00 $0 $0 $35,520 $235,900 $271,420
6.3 Truck, 25 cy off-road (2 each) 200 day $343.60 $1,399.00 $0 $0 $68,720 $279,800 $348,520
6.4 Front End Loader 100 day $343.60 $627.80 $0 $0 $34,360 $62,780 $97,140
6.5 Swamp Mats, 5,000 sf 20 week   $1,255.00 $0 $0 $0 $25,100 $25,100
6.6 Site Labor (3 laborers) 300 day $264.80 $0 $0 $79,440 $0 $79,440
6.7 Transportation & Disposal, Hazardous, subtitle "C" 490 ton $426.00 $208,740 $0 $0 $0 $208,740
6.8 Transportation & Disposal, Non-Hazardous, subtitle "D" 15,878 ton $93.00 $1,476,654 $0 $0 $0 $1,476,654
6.9 Waste Disposal Characterization / Analytical 12 ea $575.00 $20.00 $6,900 $240 $0 $0 $7,140

7 BACKFILL
7.1 Bank Run Gravel 4,274 cy $22.00 $0 $94,028 $0 $0 $94,028
7.2 Stone Gravel 4,274 cy $29.50 $0 $126,083 $0 $0 $126,083
7.3 Wetland Soil 1,555 cy $39.60 $0 $61,578 $0 $0 $61,578
7.4 Clamshell Crane, 2 cy 40 day $355.20 $1,590.00 $0 $0 $14,208 $63,600 $77,808
7.5 Excavator, 3.5 cy 40 day $355.20 $2,359.00 $0 $0 $14,208 $94,360 $108,568
7.6 Truck, 25 cy off-road (2 each) 80 day $343.60 $1,399.00 $0 $0 $27,488 $111,920 $139,408
7.7 Front End Loader 40 day $343.60 $627.80 $0 $0 $13,744 $25,112 $38,856
7.8 Swamp Mats, 11,000 sf 8 week   $2,762.00 $0 $0 $0 $22,096 $22,096
7.9 Dozer, 300 hp 40 day $343.90 $1,592.00 $0 $0 $13,756 $63,680 $77,436

7.10 Site Labor (3 laborers) 120 day $264.80 $0 $0 $31,776 $0 $31,776

Solvent Release Area
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11/24/2010 2:21 PMNAVAL AIR STATION SOUTH WEYMOUTH
Weymouth, MA

Source Excavation
Capital Cost

Unit Cost Extended Cost
Item Quantity Unit Subcontract Material Labor Equipment Subcontract Material Labor Equipment Subtotal

Solvent Release Area

8 TREATMENT OF IN-PLACE WATER
8.1 Potassium Permanganate 500 lb $2.50 $0 $1,250 $0 $0 $1,250
8.2 Pump, 1,000 gpm (2 each) 10 day $399.20 $0 $0 $0 $3,992 $3,992
8.3 Pump Hose, 500 lf 1 ls $80.00 $0 $0 $0 $80 $80
8.4 Chemical Mixing System 1 ls $2,500.00 $0 $0 $0 $2,500 $2,500
8.5 Site Labor (2 laborers) 10 day $264.80 $0 $0 $2,648 $0 $2,648
8.6 Lab Analyses, VOCs 5 ea $100.00 $500 $0 $0 $0 $500

9 TREATMENT OF DISPLACED WATER (DURING BACKFILL)
9.1 Temporary GAC System 1 ls $32,000.00 $32,000 $0 $0 $0 $32,000
9.2 Pump, 150 gpm 40 day $47.20 $0 $0 $0 $1,888 $1,888
9.3 Pump Hose, 500 lf 1 ls $80.00 $0 $0 $0 $80 $80
9.4 Lab Analyses, VOCs 20 ea $100.00 $2,000 $0 $0 $0 $2,000

10 SITE RESTORATION
10.1 Prepare Documents & Plans 1 ls $35,000.00 $0 $0 $35,000 $0 $35,000
10.2 Wetlands Construction 2 ac $110,000.00 $220,000 $0 $0 $0 $220,000

11 POST CONSTRUCTION COST
11.1 Contractor Completion Report 150 hr $37.00 $0 $0 $5,550 $0 $5,550
11.2 Remedial Action Closeout Report 200 hr $37.00 $0 $0 $7,400 $0 $7,400

 
Subtotal $1,973,454 $421,512 $595,051 $1,224,901 $4,214,918

Overhead on Labor Cost @ 30% $178,515 $178,515
G & A on Labor, Material, Equipment, & Subs Cost @ 10% $197,345 $42,151 $59,505 $122,490 $421,492

Tax on Materials and Equipment Cost @ 6.25% $26,345 $76,556 $102,901

Total Direct Cost $2,170,799 $490,008 $833,072 $1,423,947 $4,917,826

Indirects on Total Direct Cost @ 30% (excluding transportation and disposal cost)  $967,957
Profit on Total Direct Cost @ 10% $491,783

Subtotal $6,377,565

Health & Safety Monitoring @ 3%  $191,327

Total Field Cost $6,568,892

Engineering on Total Field Cost @ 3%  $197,067
Contingency on Total Field Cost @ 30%  $1,970,668

TOTAL CAPITAL COST $8,736,626
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