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RECORD OF DECISION 

SITE NAME AND LOCATION 

Former Naval Surface Warfare Center - White Oak 
Site 4 Soil and Groundwater 
Silver Spring, Maryland 
EPA RCRA ID No. MD01 70023444 

1 .O DECLARATION 

1.1 STATEMENT OF BASIS AND PURPOSE 

This Record of Decision (ROD) presents the determination that in-s&enhanced reductive dechlorination wllh 
institutional controls and long-term monitoring to address groundwater contamination, and soil vapor extraction 
to address soil contamination, are necessary to protect human health and the environment at Navy Installation 
Restoration Site 4, Chemical Burial Area at the former Naval Surface Warfare Center - White Oak (NSWC - 
White Oak) in Silver Spring, Maryland. The selected remedy also includes the continued operation of the 
existing interim groundwater extraction and treatment system at Site 4 to maintain plume containment until 
specific exit criteria are met. This determination has been made in accordance with the Resource 
Conservation and Recovery Aci (RCRA). the Comprehensive EnvIronmental Response, Compensation, and 
Liability Act (CERCLA), as amended by the Superfund Amendments and Reauthorization Act (SARA), and the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP). In 1997, ownership of the property 
occupied by Site 4, was transferred from Ihe Department of the Navy (Navy) to :he General Services 
Administration (GSA). 

This decision is based on information contained in the Administrative Record file for the NSWC - White Oak. 
The Maryland Department of the Environment (MDE) concurs with the selected remedy. A lelter from MDE 
indicating concurrence is provided in Appendix A. 

The United States Environmental Protection Agency (EPA) and the Navy recognize that publication and 
successful implementation of this ROD shall constitute fulfillment of requirements related to soil and 
groundwater at Navy Installation Restoration Site 4 as required by the RCRA Section 7003 Administrative 
Order for NSWC - White Oak (First Amended Administrative Order to the Department of the Navy, the 
Former Naval Surface Warfare Center - White Oak, June 2, 1998). 

1.2 DESCRIPTION OF THE SELECTED REMEDY 

Site 4 consists of a series of tormer pits that were used for the disposal of various chemical wastes; 
specitically chlorinated solvenls and petroleum, in addition to miscellaneous debris, beginning in the mid- 
1950s until the early 1970s. 

The Site 4 groundwater is defined as the groundwatercontaminant plume (consisting primarily of chlorinated 
volatile organic compounds (VOCs)) originating at the former chemical burial area (Site 4) and extending 
south and southeast toward Paint Branch and the stream flowing along the east side of Floral Drive. For the 
purposes of this ROD, Site 4 groundwater includes the groundwater beneath Lhe area prevjoustyidentified as 
Site 46, because the Navy has determined that Sile 4 is the source of contaminated groundwater in the Site 46 
area. Site 4 groundwater does not include the plume of explosives-contaminated groundwater originating at 
Site 7, except where this plume overlaps the Site 4 VOC plume. 
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The alternative selected to mitigate identified potential risks from exposure to site groundwater combines rn- 
situenhanced reductive dechlorination with institutional control.s and long-term monitoring and the continued 
operation of the existing interim groundwater extraction and treatment system The selected remedy to treat 
site soil to eliminate continuing releases from the soil to the groundwater is soil vapor extraction. 

1.3 STATUTORY DETERMINATIONS 

The selection of this remedy for groundwater is based upon the results of ongoing groundwater sampling and 
analysis and of the risk assessment performed as part of the Remedial Investigation (RI) for Operable Unit 1 
(OU-1), of which Site 4 groundwater is a part. These analyses indicate that exposure to Site 4 groundwater as 
a drinking water source must be restricted for protection of human health. The results of the OU-I RI and 
Feasibility Study (FS) also indicate that the soil at Site 4 contains VOCs at concentrations indicative of a 
continuing source of contamination to the groundwater. Five-year reviews will be necessary for the Site 4 
groundwater since the remedy will result in hazardous substances, pollutants, or contaminants remaining on 
site for more than 5 years at concentrations above levels that allow tar unlimited use and unrestricted 
exposure. 

1.4 ROD DATA CERTlFlCATtON CHECKLIST 

The following information is included in the Decision Summary section of this ROD. Additional information can 
be found in the Administrative Record file for the Site. 

l Chemicals of concern (COGS) and their respective concentrations (pages 2-8 and 2-9) 

l Baseline risk presented by the COCs (pages 2-l 5 and 2-I 7), 

l Current and reasonably anticipated future land use assumptions (page 2-1 1). 

l Potential land use that will be available at the site because of the selected remedy (page 2-t 1). 

l Key factor(s) that led to selection of the remedy {i.e., how the selected remedy provides the best balance 
of tradeoffs with respect to the balancing and modifying criteria, highlighting criteria key to the decision) 
(page 2-27). 

Kevin Ft. Slates, CAPT, CEC, USN 
Commanding Officer 
NAVFAC Washington 

Date 

. . ...-2 
Abraham Ferdas, Direct; 
Hazardous Site Cleanup Division 
U.S. EPA - Region III 
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2.0 DECISION SUMMARY 

2.1 SITE NAME, LOCATION, AND DESCRIPTION 

The former NSWC-White Oak was originally established in 1946 as the Naval Ordnance Laboratory, with a 
misslon to carry out research on military mines and explosives. The former facility is located in Prince 
George’s and Montgomery Counties, approximately 5 miles north of Washington, D.C., oil New Hampshire 
Avenue in Silver Spring, Maryland (see Figure 2-l). Through the years, the mission was expanded to include 
research involving torpedoes and projectiles. In September 1974, the facility combined with the Naval 
Weapons Laboratory, Dahlgren. Virginia, to become the Naval Surface Weapons Center, which was renamed 
the Naval Surface Warfare Cenler, Dahlgren Division, in 1988. After that time, the facility functioned as the 
principal Navy research, developmenl, test, and evaluation center for surface warfare weapon systems, 
ordnance technology, strategic systems, and underwater weapons systems. 

In response to the Base Realignment and Closure (BRAC) Act. NSWC-White Oak was closed in 1997 
Approximately 662 acres of the approximately 712-acre property were subsequently transferred to the GSA In 
the fall of 1997, and the remaining area in the southeastern portion of the facility was translerred to the U.S. 
Army in February 1998. The GSA has plans to reuse and develop the subject property for nonresidentIal 
purposes: one of the major tenants will be the U.S. Food and Drug Administration (FDA). The property 
transferred to the U.S. Army will be used in conjunction with ongoing activities at the adjacent Adelphi 
Research Laboratory 

The EPA RCRA identification number for NSWC-White Oak is MD0170023444 

For purposes of CERCLA and the NCP, the Navy is the lead agency for the facility, pursuanl to Execulive 
Order 12580 and a Memorandum of Understanding signed by the Navy and the GSA in July 1997; MDE is the 
support agency. Additionally, EPA is exercising its aulhorities under Section 7003 of RCRA under which it 
issued an adminIstrative order to the Navy. In accordance with these authorities. the Navy and EPA Ere joinlly 
selecting the response actions at the former NSWC-White Oak. 

2.2 SITE HISTORY, ENFORCEMENT ACTIVITIES, AND INVESTlGATlONS 

2.2.1 Site History 

Site 4 .s located in the northeast portion of NSWC-White Oak, along the property line with Percontee Sand 
and Gravel. Chemicals and other wastes reportedly were buried beginning in the mid-1950s unlit lhe early 
1970s. It was initially believed that wastes were disposed of in four discrete burial trenches within the 1 .l acre 
site. However, information from tests pits collected in 1999 in preparation for the 1999 removal action 
determined that disposal of material was not confined to discrete trenches, but rather to two larger burial areas 
(Burial Area 1 and Burial Area 2). Wastes disposed at Site 4 reportedly included chlorinated solvents, fuel tank 
sludges, kerosene, acids, explosives compounds and chemical powder {including white phosphorus). 
Clnidentified laboratory chernicais In glass bottles also were disposed at the sile. 

The site is relatively flat and surrounded by a rising slope to the east, south and west. There are no surface 
water features near the site. Surface water runoff from on, and around the immediate vicinity of the site, flows 
toward the center of the site and infiltrates the so11 overlying the former disposal pits and migrates Into lhe 
subsurface soits. Site 4 supports old field vegetation but is bordered to the south, east, and west by oak- 
hrckory forest. 

Site 4 is located entirely wiThin property currently owned by the GSA. See Figure 2-2. 

The Ste 4 groundwater is defined as the groundwater contaminant plume (consisting primarily of chlorinated 
VOCs) originating at the formerchemcal burial area (Site 4) and extending south and southeastloward Paint 
Branch and the stream flowing along the east side of Floral Drive. 
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For the purposes of this ROD, Site 4 groundwater includes the groilndwater beneath the area previously 
identified as Site 46, because the Navy has determined that Site 4 is the sourceof contaminated groundwater 
in the Site 46 area. Site 4 groundwater does not include lhe plume 01 explosives-contaminated groundwater 
originating at Site 7, except where this plume overlaps the Site 4 VOC plume. The groundwater ptumedefined 
as Site 4 groundwater is shown in Figure 2-3. The Site 4 plume extends from the property currently owned by 
GSA onto the Army property, and the leading edge of the plume has migrated onto private residential property 
located between the federal government property and the aforementioned steams (Paint Branch and the 
stream along Floral Drive). 

2.2.2 Enforcement Activities 

On June 2, 1998, EPA issued an Administrative Order to the Navy, pursuant to Section 7003 of RCRA, 42 
U.S.C.§ 6973, that required the Navy to 

(1) undertake “‘Interim Measures’ (IM) at the facility to prevent or mitigate threats to human health and/or the 
environment; 

(2) perform a [RCRA Facility investigation (RF1) or RI] to determlne fully the nature and any release of 
hazardous wastes, solid wastes and/or hazardous constituents at and/or from the Facility; and 

(3) perform a [RCRA Corrective Measures Study (CMS) or FS] to identify and evaluate alternalives for 
corrective action necessary to prevent or mitigate migration or reteases of hazardous wastes, solid wastes 
and/or hazardous constituents at and/or from the Facility.” 

EPA’s RCRA 7003 Order provides the framework for completing the investigation and remediation of the 
former NSWC-White Oak faciiity under RCRA. The Order also recognizes that “EPA and the Navy inlend to 
integratethe Navy’s CERCLA response obligations and RCRAcorrective action obligations” at the facility. As 
part of this CERCLA integration, Ihe Navy and EPA understand that certain specific documents necessary to 
complete response actions at the sites will be prepared in accordance with the NCP and with applicable EPA 
guidance. 

This ROD addresses the soil at Site 4 and the groundwafer underlying Site 4, which is part of Operable Unit 1 
(OU-I). OU-1 is defined as the groundwater underlying the eastern half of the former White Oak facility. 

2.2.3 Site Investigations 

Numerous investigations have been completed at NSWC-White Oak over the last 18 years. The work from 
previous studies and investigations related to Site 4 is outlined below. 

Site 4 was identified as a Navy Installation Restoration Program (IRP) site in an Initial Assessment Study (IAS) 
conducted by the Navy’s Naval Energy and Environmental Support Activity (NEESA) in 1984. The purpose of 
the IAS was to identify sites at NSWC-White Oak that would undergo potenlial environmental investigation. 
The IAS included a records search, on-site survey, and site ranking and identified 14 sites as needing further 
investigation. 

Investigation activities have been conducted at Site 4 since 1987 to meet the requirements of both a CERCLA 
RI and a RCRA RFI. The term “RI” IS used throughout this document to refer to the activities of these 
investigations. The investigative activities focused on characterizing subsurface soil, groundwaler, surface 
water, and sediment at or adjacent to Site 4. 

A Confirmation Study Verification Phase for NSWC-White Oak was conducted in 1985 (Malcolm-Pirnie, April 
1987). This study was performed to confirm the findings of the IAS and to obtain additionai information in 
characterizing site hazards. 

The study involved the installation of groundwater monitoring wells, the drilling of soil borings in areas of 
suspected soil contamination, and the collection of soil, surface water, groundwater. and sediment samples to 
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characterize site contaminants. Site contamination was found in subsurface soil and groundwater. The study 
concluded that sufficient contamination existed to warrant additional study. 

In accordance with the Code of Maryland Regillations (COMAR Title 26), hazardous waste generators that 
store hazardous waste for longer than 90 days are required to obtain a permit as a treatment, slorage, and 
disposal facility (TSDF). Additionally, under the provisions of the Hazardous and Solid Waste Amendments 
(HSWA) to RCRA, Treatment. Storage or Disposal Facilities seeking final permits are required to initiate 
corrective actions for releases of hazardous wastes or constituents from Solid Waste Management Units 
(SWMUs). NSWC-White Oak operated under an interim status for on-site storage of hazardous waste. The 
Navy first submitted an application for a final (Part 6) permit to Maryland in 1985. and made subsequent 
resubmissions and modifications. The last permit application was submitted in 1992. 

Following the submission of the revised RCRA Part B permit application in 1988. a RCRA Facility Assessment 
(RFA) was conducted by an EPA contractor in 1990 (KearneyKentaur Division, November 1990). The RFA 
identified 97 SWMUs and 19 areas of concern (AOCs) at NSWC-White Oak All 14 of the IRP sites identified 
In the IAS were identified as SWMUs or AOCs in the RFA report. Forty SWMUs were recommended for 
further investigation in a RCRA Facility Investigation (RFI) to assess the presence and migration of 
contaminants of potential concern (COPCs). SWMU 4 is associated with Site 4. 

In September 1992, Malcolm-Pirnie completed an RFA review for the Navy that evaluated the applicability of 
the general recommendations of the RFA to each individual SWMU. Generally, for those SWMUs that were 
being Investigated under the IRP, it was concluded that the planned level ot effort was sufficient to address 
polential impacts from each SWMU. It was also concluded that some level of sampling would probably be 
required for the SWMUs and AOCs that were recommended for an RFI or verification sampling. 

An RI was conducted at NSWC - White Oak in two phases between January 1989 and March 1992 (Matcolm- 
Pirnie, October 1992). The RI was conducted to further characterize hazards associated with the identified 
sites and to aid in the development of remedial action plans for each. The RI involved the placement of 
additional groundwater monitoring wells at all sites; collection of surface and subsurface soil, sediment, 
surface water, and groundwater samples throughout the areas of investigation; collection of ecological data at 
all sites; and completion of slug tests and aquifer pumping tests at Site 4. 

The results of the RI confirmed the presence of contamination at Site 4. The analytical data were used in the 
calculation of potenlial risk, based on exposure to groundwater. The calculated risks were determined to be 
high enough to support the development of an FS lor the site. A draft FS completed by Malcolm-Pirnie in 1993 
(Malcolm-Firnie. March 1993) outlined the proposed remediat strategies for the site. The FS evaluated the 
previous site characterization data to determine the most effective means to reduce environmental hazards at 
NSWC-White Oak. 

A Design Verification Study was conducted in 1995 to prepare remedial designs for Sites 2,3, 4, 6.9, and 1 I. 
Activities associated with the Design Verificalion Study included record reviews, terrain conductivity surveys, 
test pit excavation, and SlJbSUrfaCe soil and sedimenl sampling. The results of the activities were lhen used to 
develop remedial design plans for the six IRP sites. Two reports were issued addressing the various findings 
of the study: a final report was issued for Sites 8,9, and 11 and a dralt report was issued for Sites 2,3,4, and 
9 (HNUS. June 1995). 

During 1995, in conjunction with the Design Verification Study, a wetlands delineation and forest stand 
inventory were conducted for Sites 2,3, 4, 7, 8, 9, and 11. The delineation was performed in accordance with 
the delineation criteria in the 1987 U.S. Army Corps of Engineers (USACOE) Wetlands Delinealion Manual. 
Wetland areas were identified within or adjacent to five of the seven IRP sites investigated, including Site 7, 
however none were identified at Site 4 (HNUS, August 1995). 

The Base Realignment and Closure Act of 1990 (BRAC ltj directed the Secretary of Defense to close or 
realign those installations recommended by the BRAC commission. The Community Environmentat Response 
Faciiitalion Act (CERFA) of 1992 directed federal agencies with jurisdiction over certain real property to 
termrnate federal government operations and to identify “uncontaminated” parcels of the real propany. In 
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1995, NSWC-White Oak was selected for closure on the BRAC IV list. A Phase I Environmental Baseline 
Survey (EBS) was conducted by EA Engineering Science and Technology (EA) to assess the existing 
environmental informalion related to storage, release, treatment, or disposal of hazardous substances or 
petroleum products and to document the environmental condition of the property. The EBS also addressed 
actions reqllired prior to property transfer to ensure compliance with requirements of CERCLA 120(h), 
applicable state and real estate iaws, compliance programs, and the Department of Defense (DOD) policy 
Environmental Requirements for Fecierai Agency-to-Agency Property Transfer at BRAG installations. The EBS 
was finalized and submitted in April 1996 (EA, April 1996). 

An investigation to characterize background soil, sediment, groundwater, and surface water quality was 
performed in the fall of 1997. A final background report was published in 1998 (TTNUS, December 1998). 

A facility-wide groundwater investigation was competed in the spring and summer of 1997. The investigation 
included the sampling of all existing groundwater monitoring wells and pietometers and the installation and 
sampling of new temporary and permanent groundwater monitoring wells in areas of the base proposed for 
reuse. The gr-oundwater quality was similar to that found during previous studies (B&R Environmental, 
September 1957). 

Also in 1997, a site investigation (SI) was conducted at Site 46 to investigate the nature and extent 01 
chtorinated VOCs detected in this area which is sjtuated immediately downgradient of Site 4. (see Figure 2-Z). 
This investigation involved the installation of nine permanent and one temporary monitonng wells, the 
sampling of these and other existing welts, and the sampling of surface water and sediment in the streams 
surrounding the Site 46 area. A final Site 46 SI report was release in 1998 (TTNUS, November 1998). 

An RFI was conducted for the immediate area around Site 3 (and five other sites) that further characterized 
the nature and extent of contamination in soii and groundwater at Site 4 (TTNUS, October 2000). The RFI 
concluded that elevated risks were present from exposure to Site 4 soil contaminated wilh chlorinated VOCs, 
most notably trichloroethene (TCE) Additional groundwater dala were obtained in 1999 during four rounds 
(January/February, April, July/August, and October) of sampling and analysis of groundwater from numerous 
wells Ihrough White Oak, includjng 26 of the wells that existed at and around Site 4 at the time. Data from this 
investigation are presented in the repori titled Addendum Rounds 1. 2. 3, & 4 Groundwater Data, RCRA 
Facility Investigation for Sites 2, 3, 4,7,8, & 9 (TTNUS, April 2000). Groundwater samples were analyzed fot- 
volatite organic compounds (VOCs), semi-volatile organic compounds (SVOCs), pesticides and 
polychlorinated biphenyls (PCBs), explosives, and inorganic compounds. Results provided data forwithin-well 
comparisons over time. 

Beginning in 1994 and continuing through the present day, the US Army has also been conducting 
groundwater sampling on the Army property located downgradient of both Sites 4 and 46 to evaluate the 
impacts from Site 4 as well as from a former petroleum product release from an Army facilily. The Army has 
installed eleven monitoring wells on their property. Samples from groundwater wells and from sediment and 
surface water in several downgradient streams, have been collected at least annually to date since 1996, and 
results are documented in annual or semiannual reports. 

EPA collected two rounds of soil, surface water and sediment samples in 1998 and 1999 from private and 
local park commission properties located downgradient of sites 4 and 46 to characterize any impacts from 
releases from the NSWC-White Oak and the Army property. 

The results of the groundwater investigations up through 1999 indicated a potential connection between Site 4 
and the contamination observed in the groundwater at Site 46, the Army property and private property 
downgradjenl of the Army. 

Two residential wells had been in use on the private properties situated between the Army property and the 
bounding streams (Paint Branch and the Floral Drive stream). These two wells have been sampled regularly 
since 1998. Risk assessments were performed by EPA in 1998. On the basis of the results of the samples 
and the risk assessment it was determined that there are no unacceptable risks to the use of water from the 
Iwo private wells. Both properlies are now on public water supply and the wells are abandoned. 
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Data also indicated some intermingling of contaminants from Site 7 (explosives compounds) with those from 
Site 4. The groundwater impacted by Site 4 {and Site 7) was investigated further between 1999 and 2001 as 
part of the OU-1 RI (CHZM HILL, August 2002). OU-I includes groundwaler beneath IR sites in the eastern 
portion of W bite Oak, including the Site 46 area, the Army property, and the bounding streams located both on 
and off the U.S. government property (See Figure 2-2). OU-1 was designated by the BRAC Cteanup Team 
@CT), consisting of the Navy, EPA and MDE, to allow for a more complete understanding of the nature and 
extent of groundwater contamination in this part of the tacility. The OU-I RI focused groundwater 
contamination characlerization on two primary areas: (1) defining the boundaries of the groundwater 
contaminalion within OU-1 including developing and confirming a groundwater conceptual model that 
suggested that the surrounding streams act as barriers to groundwater migration, and (2) determining if a 
connection exists between the groundwaler contamination at Site 4 and that observed further downgradient at 
Site 46. The investigalion included the installation of 52 temporary and 42 permanent monitoring wells, and the 
collection of surface water samples from Paint Branch, West Farm Branch, the Floral Drive stream, the 
Building 500 Outfall stream, and the Site W swale stream. The OU-1 RI concluded that the streams do act as 
hydrologic boundaries and that Lhe VOC-contaminated groundwater plume present within Site 46 and the 
Army property is emanating from Site 4. The OU-1 RI also included a baseline human heallh risk assessment 
for the groundwater and surface water. 

An FS was conducted for OU-1 in 2003 (CH2M HILL, June 2003). The FS included an evaluation of remedial 
alternalives for Site 4 soil and Site 4 groundwater. As pari of the FS process, four temporary and three 
permanent wells were installed in Ihe immediate vicinity of the Site 4 disposal area to provide data for better 
evaluating remedial alternatives, and to determine if contamination has migrated into the bedrock beneath the 
site. The area of the Site 4 groundwater plume, and the existing monitoring welt network, is shown in Figure 2- 
3. 

22.4 Soil Removal Action 

Based on the soil contamination found at Site 4 resulting from the disposal of wastes, the Navy decided to 
conduct a removal action at Site 4. Data collected during the Design Verification Study were used to plan the 
removal action. These included data from subsurface soil sampling, groundwater sampling, a soil gas survey, 
and a geophysical survey to define the extent of the removal action at the site. Following the completion of the 
Design Verification Report, an Action Memorandum was prepared that addressed the excavation of waste and 
soil at the site. The Action Memorandum was made available for public review and comment between 
February 17, 1999 and March 18,1999. 

A soil removal action was conducted at Site 4 in the summer of 1999. During the removal action, 
approximately 23,000 tons (l&O00 cubic yards) ot contaminated soil and solid waste were removed and 
transported to a municipal solid waste landfill for disposal. An additional 187 tons of soil contaminated with 
PCBs were excavated and disposed al a hazardous waste landfill in accordance with federal regulations. The 
goal of the removal action was to remove soil with contaminant concentrations in excess of industrial land-use 
risk-based standards. During the removal action, excavation proceeded until no trash was visible and no 
organic vapors were detected. Verification samples were collected throughout the duration of the removal 
action and at the completion. The cleanup goals, based on industrial use standards, were met. Following 
completion of excavation and verification sampling, Site 4 was back-filled with clean soil and returned to 
grades similar to that which existed prior to the removal action. Grass cover was established on the area. 

Verification samples were collected and a post-removal action report was prepared to document post-removal 
condilions (TTNUS, October 1999). Data from these samples were also used to conduct a human heallh risk 
evaluation of the soil remaining after the removal action (TTNUS, January 2003). 

The FS for OU-1 groundwater (CH2M HILL, June 2003) also included additional sampling of the deep 
subsurface soil remaining at Site 4 alter the 1999 removal action, in order to determine if the soil still 
represented a source of contamination to groundwater via leaching. The FS concluded that the soil between 
approximately 17 and 30 feet below ground surface (bgs) across an area of 8,000 square feet, contained 
concentrations of TCE, and 1 ,1,2,2-tetrachloroethane (PCA) that represent potential continuing sources of 
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groundwater contamination. This amounts to a total of approximately 3,890 cubic yards of contaminated soil 
The groundwater fable is encountered at depth al approximateiy 30 to 32 feet. 

2.2.5 Groundwater Interim Actions 

As a result of the findings from the various groundwater investigations, three interim measures were 
implemented to address contamination in the Site 46 area and on the Army propertydowngradient of Site 4. A 
groundwater extraction trench and treatment system (air stripper} was construcled near the government 
property tine in 1998 to intercept the VOC plume and prevent contaminated groundwater from migrating offsite 
and discharging to the Site W Swale stream (See Figure 2-3). The treated water is monitored and 4s 
discharged to the Site W Swale stream. In t999 a system of three groundwater extraction wells was installed 
further upgradient in this VOC plume in order lo reduce contaminant concentrations and contain contaminated 
groundwater closer lo the source. This system was enlarged to six wells in 2000. The groundwater extracted 
by the wells is treated in the same air stripper as is the water from the extraction trench. 

An air stripper was also added to the storm water outfall for the Army Building 500 area by the Navy in 1997. 
The storm water system in this area is constructed below the water table, and thus it inadvertently collects 
groundwater containing VOCs. Prior lo treatment in the air stripper, the water is passed through an oil water 
separator that was installed by the Army to remove petroleum product from an unrelated retease at Building 
500. The treated effluent from the storm water system is discharged to the Building 500 Outfall. 

2.3 COMMUNITY PARTlClPATtON 

III accordance with Sections 113 and 117 of CERCLA, 42 U.S.C. Sections 9613 and 9617, the Navy, in 
conjunction with EPA, issued a Proposed Plan on June 24, 2003 that presented the preferred remedy for 
Site 4 groundwater and soil. The Proposed Plan for Site 4, and the HI and FS for OU-1 (including Site 4), 
became available for review by the public at that time and are among the documents that comprise the 
Administrative Record file for NSWC-White Oak, which is maintained at Naval Facilities Engineering 
Command {NAVFAC) Washington, at the Washington Navy Yard, Washington D.C. In addition, the Proposed 
Plan for Site 4, and the RI and FS for OU-l (including Site 4) and other documents relevant to the remedy 
selection for Site 4 groundwater and soil were made available to the public in June 2003 in an information 
repository for NSWC-White Oak that is maintained at the Montgomery County Public Library, While Oak 
Branch in Silver Spring, Maryland. The notice of the availability of these documents, the public comment 
period, and a public meeting was published in the Washinglen Post on June 19,2003, and in the Silver Spring 
G;rzelte, Co&ge Park Gazette, and Burtonsville Gazette on June 182003. The public comment period was 
held from June 24, 2003 to July 24, 2003. and a public meeling was held on July 8, 2003. Additional 
commumty involvement is detailed in Seciion 3.0. 

2.4 SCOPE AND ROLE OF RESPONSE ACTION 

Although the NSWC-White Oak faciiily is not on CERCLA’s National Priorities List (NPL), in its response 
actions at the Site, the Navy has been guided by the NCP provisions pertaining to remedial actions. Section 
300.430(a) (l)(ii)(A) of the NCP, 40 C.F.R. Section 300.340(a)(l)(ii)(A) provides that CERCLA NPL siles 
‘should generally be remediated in operable units when early actions are necessary or appropriate to achieve 
significant risk reduction quickly, when phase analysis or response is necessary or appropriate given the size 
or complexity of the site, or to expedite the completion of the total cleanup.” This ROD for Site 4 groundwater 
and soil is the eighth prepared for sites at NSWC-White Oak. 

In-silu enhanced reductive dechlorination combined with institutional confrols, long-term monitoring and the 
continued operation of the existing interim groundwater extraction and treatment system, is selected for 
groundwater at Site4 to protect human health and the environment. Soil vapor extraction is the selected 
remedy tar soil at Site 4, to remove any potential continuing source of groundwater contamination. 

2-6 

--- 



2.5 SITE CHARACTERISTICS 

2.5.1 Physical Setting 

The former NSWC-White Oak is located approximately 5 miles northeast of Washington, D.C., near the 
boundary between the Piedmont and Coastal Plain physiographic provinces The facility lies in gently rolling 
terrain. The topographic expression of the area is typlcal of a deeply Incised, dendritic stream channel pattern. 
Paint Branch and its tributaries dominate local drainage patterns. 

The highest elevation of NSWC-White Oak is approximately 398 feet above mean sea level (msl). The lowest 
elevalion is roughly 145 teet above msl. The terrain of Ihe ‘western portion of the facilily slopes generally 
eastward toward Paint Branch wilh about 3.5 percent grade. Similar grades are encountered m the eastern 
portion of the facility, but slopes are more generally southward or are locally influenced by proximity to Paint 
Branch and ifs tributary drainages. Near stream channels, the ground slopes increase to as much as 
65 percent. Site 4 is relatively flat and surrounded by a rising slope to the east, south and west. There are no 
surface water features near the former burial pits. Surface water runoff from on, and around the immediate 
vicinity of the site, flows toward the center of the site and infiltrates the soil overlying the area of the former 
burial pits and migrates into the subsurface soils. 

The subsurface geology of Site 4 is illustrated in Figure 2-4. The tht-ee primary stratigraphic units underlying 
the former NSWC ” White Oak in the Site 4 area are the Coastal Plain sediments, saprofite, and bedrock. The 
Coastal Plain deposits are silty sand, sand and gravel underlain by clayey sand with gravel on silt. Results of 
the surface geophysical survey and soil borings indicate Coastal Plain deposits vary between SO and 100 It 
thick throughout the majority of Site 4 and OU-1 but abruptly reduce in thickness near the streams, and are 
completely weathered away in the major stream valleys. Furthermore, the deposits are thickest in the northern 
portion of the site and thin in a southerly direction. Site data also show the Coastal Plain/saprolite contact to be 
an undulating surface. 

The saprolite forms on the upper surface of a crystalline bedrock schist. It grades from a micaceous silt or silty 
sand with varying amounts of clay and schisl fragments to a severely weathered schist with relief texture; it 
varies in thickness from 5 to 55 feet (and possibly greater). The competent bedrock is primarily a garnet 
schist; however, in Ihe borings for the deep wells interbedded quartzites were observed. 

2.5.2 Conceptual Site Model 

Figure 2-5 provides the conceptual site model (CSM) for exposure of human receptors to soil and 
groundwater. The CSM illustrates contaminant sources, release mechanisms, exposure pathways, migration 
routes, and potential receptors and provides a basis for the risk assessments summarized later in this ROD 
and, as a result, the basis for necessary response actions. 

Human receptors evaluated for exposure to groundwater indude: present and/or future construction workers, 
and potential future child and adult residents. 

Receptors evaluated for exposure to Site 4 soil include: present and/orfuture industrial workers, maintenance 
workers, construction workers, adult recreational user, adolescent trespasser, potential future day-care-center 
child and potential future child and adult residents. 

Although use of the groundwater as a residenlial drinking water source is not reasonably anticipated, this 
potential use was still evaluatecl to determine whether land use controls (LUCs) would be needed. Current and 
potential future land and resource uses are discussed further in Section 2.6. Potential risks to human health 
are identified in Section 2.7.1. 

Ecological receptors were evaluated for exposure to Site 4 soil as part of the base-wide ecological nsk 
assessment. Ecological receptors on the property would not be directly exposed to groundwater at Site 4. 
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While TCE, 1 ,I ,2.2-PCA, ROX and HMX were detected in the surface water in one or more of Ihe lollowing 
surface water bodies: the Floral Drive stream, the Site W Swale stream, and the Building 500 Storm water 
Outfall, they were not found to be present anywhere at the Site above the risk-based screening levets for 
human health or ecological risk, and therefore, risks lo receptors were nol evaluated for this media. 

Neither the sediment nor surface waler are considered media of concern for Site 4 and have not beer-i 
addressed further in Ihe risk assessment or FS for Site 4. 

2.5.3 Nature and Extent of Contamination 

The RI lorOW- (CH2M HILL, August 2002) presents a complete set of data and graphics defining the nature 
and extent of soil and groundwater contamination throughout Ihe OU. Data from sampling activities at Site 4, 
between 1999 and the present, were used to assess the extent of soil and groundwater contaminatron that 
exceed preliminary remediation goals (PRGs). The nature and extent of contamination at Site 4 can be 
summarized as follows: 

The source of TCE and 1,1,2,2-PCA contamination was waste and contaminated soil in Ihe Site 4 
chemical disposal area. The vast majority of this waste was excavated in 1999, but a layer of 
contaminated soil still remains from a minimum depth of 13 feet below the current ground surface 
extending to the waler table at about 32 feet bgs. TCE and 1,1,2.2-PCA concentrations in this soil do not 
present an unacceptable risk to receptors from contact with the soii, but do represernt a continuing source 
of groundwater contamination. 

The conLaminated soil and waste has resulted in a plume of conlarn~naled groundwater that extends from 
Site 4, approximately 3,300 feet to where the groundwater discharges into several surface water streams 

Other contaminants (benzene, toluene, explosives, perchlorate) have been detected in discrete areas of 
the TCE/l ,I ,2,2-PCA plume. These contaminants appear to have originated from other known sources 
(Sile 7. and a former gasoline UST at the centrifuge in Site 46). 

While Site 4 related contaminants have been detected in the receiving surface water streams, the 
concentrations are below risk-based screening levels for all applicable exposure routes. 

No site related contaminants have been detected in sedimenls in the receiving surface water streams. 

Soil and groundwater contamination are discussed in more detail in the following sections. 

2.5.3.1 Soil 

Contaminated source materials (soil and buried waste) were excavated at Site 4 as part of a non-time critical 
removal action conducted in June through August 1999. The excavation exlended to a depth of 27 ft below the 
former ground surface in many localions. The area was then backfilled with up to approximately 20 It of clean 
fill, lowering the ground surface by as much as 7 It in many areas. The objecljves of Ihe removal action were 
lo excavate soil and solid waste to eliminate human health risk to future land users based on an industrial 
land-use scenario. The removal action goals used for the excavation were based on risk from direct contact 
with so11 and were not necessarily protective of groundwater. Therefore, there is concern that soil 
contamination (specifically with TCE and 1 !1,2,2-PCA) still is present at concentrations that represent a 
potential source of groundwaler contamination through leaching. 

Confirmation samples collected from the bottoms and side walls of the excavationi indicated that PAHs, TPH, 
and VOCs, namely TCE, remained in the soil at depths of approximately 14 feet below the current ground 
surface. Of these contaminants only TCE was also present III lhe groundwater at concentrations that exceed 
the PRGs. PAH contamnated soits remain in-place primarily in the northern half ot the excavation (Burial Area 
1 - See Figure 2-61, although several spots in the central and southern part of the excavation (Bunal Area 2) 
also contained delectable concentrations. The concentrations of TPH in soil samples ranged from 170 mgikg 
on Ihe boltom of the Burial Area 1 excavation to 5,900 mglkg on the bottom of the Burial Area 2 excavation. 
TCE ‘was only detected in soil samples from the bottom of the excavation in Burial Area 2. 
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Additional soil sampling was performed within Burial Area 2 in September 2001, May 2002, and January2003, 
to better define the extent of WCs in soil, that may represent a continuing source of groundwater 
contamination above PRGs. These data are presented in Tables 2-1, 2-2, and 2-3 respectively. Boring 
locations are shown in Figure 2-6 In general, detectable soil contamination was encountered beginning at 
depths of approximately 14 ft and extending to the water table The maximum concentration of TCE detected 
was 59,000 klg/kg in boring 0488403 at a depth of 32 to 34 ft. The maximum concentration of 1 ,I ,2,2-PCA 
detected was 830 pg/kg in boring 0488302 at a depth of 18 to 20 ft. Figure 2-6 presents the average 
concentrations ot TCE and 7 ,‘I ,2,2-PCA at each boring location The averages were calculated throughout the 
depth of the boring. Figure 2-6 also delineates the extent of soil contamination above the proposed PRGs. The 
procedures used to determine average concentrations and delineate the extent of contamination are 
discussed in the FS for O&l. 

Figures 2-7 and 2-8 are cross-sections depicling the vertical distribution of TCE and 1,1,2,2-PCA 
contamination in the subsurface soil. The cross-section transects are shown in Figure 2-6. The vertical extent 
of TCE and/or 1 ,1,2,2-PCA contamination extends from 14 ft bgs to the groundwater table approximately 30 to 
34 ft bgs. However, the bulk of contamination seems to be located within a 12 to 15 ft thick layer of medium to 
course sand and gravel between 14 to 28 ft bgs 

It should also be noted that relatively high levels of TPH, both diesel (DRO) and gasoline (GRO) range 
organics were detected in the subsurface soil. The maximum DRO concentration was 500 pg/kg and the 
maximum GRO concentration was 200,000 Llglkg. 

2.5.3.2 Groundwafer 

Groundwater contamination originating from Site 4, and possibly some smaller sources within the Site 46 area 
have created a dissolved-phase plume that extends irom Site 4 in the north to Paint Branch and the Floral 
Drive stream, the hydrogeologic discharge boundary, in the south. The southern limit 01 the contamination is 
where low fevels of TCE and other chlorinated solvents and explosives were detected in seeps and monitoring 
wells near Paint Branch and the Floral Drive stream. Concentrations of VOCs, several explosives compounds, 
and iron are present in this plume at levels that require remediation in order to meet the preliminary 
remediation goats. This area is shown in Figure 2-3. 

The dissolved-phase groundwater contamination south of Sites 4 and 7 occupies an area that varies between 
about 500 ft and 1,500 ft wide (averaging about 800 ft wide) from east to west and extends about 3,300 it 
downgradient (south) from Site 4. Figure 2-3 shows the approximate extent of the groundwater plume in 
Coastal Plain groundwater based on a compilation ot site data from 2000 to present. The plume of 
contamination is generally defined by groundwater containing TCE at concentrations greater than 5 pg/L, the 
maximum contaminant level (MCL) for TCE. The plumecontains several other VOCs and several explosives 
compounds, but these compounds typically are only found in areas where TCE is also present above its MCL. 
The COCs in this area, and maximum concentrations found since the 1999 removal action at Site 4 consists 
of (In order of prevalence): 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

TCE-4,300 /&g/L 
I< 1,2,2-PCA-317 llg/L 
Vinyl chloride-73 pg/L 
Cis-I .2-DCE-402 Kg/l 
f ,2-DCA-285 pg/L 
Z-amino-4,6-DNT-0.8 pg/L 
4-amino-2,6-DNT-1 .O pg/L 
Iron-38!500 /(g/L 
Benzene- I ,710 yg/L (detected in one well) 
Toluene--2,490 pg/C (detected in one well) 

Perchlorate has also been detected in wells within lhis area, with a maximum detected concentration of 76 
IlgiL. Concentrations of total VOCs in excess of 500 big/L are found only in wells north (upgradient) of the 
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centrifuge extraction wells (see Figure 2-3). 

Groundwater in the immediate footprinl of the former burial area at Site 4 (i.e. Ihe source area) has been 
sampled on numerous occasions both before and after the 1999 soil removal aclion. Pre-removal action 
resulls indicale that Site 4 is a source of groundwater contamination of chlorinated VOCs, primarily TCE and 
1 ,1.2.2-PCA. 

Prior to the removal action, maximum groundwater concentrations detected in a shallow weli localed in the 
center of Burial Area 2 (04GW 102) contained TCE at the 11,000 llg/L, 1 ,I ,2,2-PCA at 300 vg/L, cis-1,2-DCE 
at 8,000 I.rg/L, 1,2-DCA at 20 pg/L, and vinyl chloride at 70 pg/L. This well was screened across the water 
table. A paired well (04GW 103), which was screened at Ihe botlom 01 the Coastal Plain deposits. contained 
TCE at only 10 lg/L. 

Groundwater sampling has taken place within the former Burial Area 2 footprint on three occasions since the 
removal action to evaluate Ihe effects of Ihe action and lo determine if the groundwater and/or saturated soil at 
Site 4 represent a conlinuing source of contamination to the groundwater. Wells 04GW301 and 04GW203 
were constructed to replace wells 04GW 102 and 04GW 103 respectively (which were damaged during the 
removal action). The concentration of TCE itI the groundwater in lower portions of the Coastal Plain aquifer 
continue to be relatively low, ranging from 0.56 pg/L lo 104 pg/L, while concentrations in the upper portion of 
the aquifer have increased from 21 pg/L in May 2002, to 1,200 ug/L in February 2003 and to 4,300 pg/L in May 
2003. 

Approximately 200 feet south (downgradient) of the source area, at wells 04GW50 and 04GW105. this vertical 
distribution flip-flops, (i,e. the higher TCE concentrations are detected in Ihe lower portions of the Coastal Plain 
aquifer), presumably because clean water infiltration from rainfall pushes the contaminated groundwater down. 
In January 2003 a bedrock well (04GW302) was installed next to wells O&W50 and 04GW105 lo define the 
vertical extent of contamination. The results from lhis well indicated that there is no VOC contamination in the 
bedrock. Detected concentrations from September 2001, May 2002, February 2003, and May 2003 are 
presented in Tables 2-4, 2-5, 2-6 and 2-7 respectively. 

From the source area, groundwater flows lo the south-southeast with a hydraulic gradient estimated at 0.012 
It/f1 between Site 4 and the vicinity of 8ullding 500 and 0.073 ft/ll between the vicinityof Building 500 and Paint 
Branch. The geometric mean of hydraulic conductivity for the Coastal Plain deposits is 2.8 tVday (CH2M HILL, 
August 2002). Groundwater flow velocity ranges between 50 and 300 ft per year, with the higher velocities 
present where lhe gradients are steeper. 

Contamination is believed to be limited lo the Coastal Plain hydrogeologic unit within the majority of the 
Sites’ 4, 7 and 46 plume. This conclusion is based on the lower hydraulic conductivity of Ihe saprolite 
compared ~CI lhe Coastal Plain deposits (allowing it to at least impede flow and migration downward into the 
bedrock), the absence of contamination In bedrock wells in the vicinity of Site 4 (well 04GW302) and Building 
500 (wells C-14, C-15, and weli nest 46GW213S, M and D), and the absence of contamination in wells 
screened in the saprolite downgradient of Site 7 (well 07GW201). Therefore, for the purposes of evaluating 
remedial measures, only contamination in the Coaslal Plain hydrogeologic unit was consldered. However, In 
the vicinity of the southern limit of the Coastal Plain deposits (near the bounding streams) and under natural 
flow conditcons, the contaminated groundwater flows through the saprolite and bedrock {and then flows 

through fractures into Paint Branch); discharges from seeps onto the ground surface and then into small local 
streams; or discharges into the Floral Drive stream. 

As dlscussed in Section 2.2.5, there are three existing interim facilities for containing and remediating 
groundwater contamination within this plume. These collection facilities intercept contatninated groundwater 
that otherwise would have discharged to seeps, swales. the lower reaches of the Floral Drive stream or Paint 
Branch. The locations of these systems and their approximate groundwater capture zones are shown in 
Figure 2-3. 

No significant trends iI? groundwater contaminant concentrations have been observed in the plume with the 
following exceptions, which are discussed turther in Section 2.5.3.3: 
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l Wide fluctuations have been observed in the TCE concentrations in the vicinity of Ihe former Site 4 
disposal area. 

l Significant decreases of TCE concentrations have been observed in the areas downgradient of the interim 
extraction systems. 

A preliminary evaluation of natural attenuation processes in this plume was conducted as part of the RI for 
OU-1 (CH2M HILL, August 2002). The study looked for the two iines of evidence in EPA guidance that might 
suggest that natural attenuation is taking place 

The first line of evidence should show that contaminant plume has stabilized or is shrinking in size. PCE 
conlaminant concentrations appear to be stable in the downgradient portion of lhe plume as is evidenced by 
the consistent concentralions of TCE observed in the centrifuge extraction wells, but there is no observable 
shrinkage of the plume. The second line of evidence relies on observable changes in groundwater chemistry 
that occur during biodegradation, Daughter products of TCE and 1 ,1,2,2-PCA, namely US-1 .2-DCE, Iran.+l,2- 
DCE. vinyl chloride. and ethene, have all been detecled in groundwater in locations in the plume, which 
supports therr provenance from TCE and 1,1,2,2-PCA. In addition, nitrate and sulfate reduction and chloride 
and methane production suggest that anaerobic degradation of chlorinated hydrocarbons is occurring in the 
groundwater system impacted by the plume. 

This evaluation concluded that biodegradation of chlorinated hydrocarbons in groundwater through reductive 
dechlorination and cometabolism is likely to have occurred and, in some cases, is continuing to occur to some 
degree. However, the fact thal TCE and 1,1,2,2PCA are still the predominant contaminants at the 
downgradient edge of the plume indicate that the current rale of degradation is inadequale to sufficjently 
remediate the plume. Additionally, it appears that the biological activity is limited by an inadequate supply of 
carbon. The current primary mechanisms for attenuation are more likely dilution, adsorption, and dispersion, 
rather than biodegradation 

2.5.3.3 Recent Findings 

The most recent data available during the preparation of the FS for OU-I and Site 4, which were collected in 
May 2002, indicated that the highest groundwater concentralions emanating from Site 4 are no longer located 
immediately beneath the former burial area. This observation, together with the fact that groundwater 
contamination at Site 4 is limited to the upper portion of the Coastal Plain groundwater, lead to a conclusion 
that the vast majority of the source of contamination IS no longer present at the former burial area and that 
there is very little if any residual contamination below the water table at Site 4 (i.e.: any continuing source is 
limited to the so11 above the water table), and that the contamination in the groundwater at Site 4 is strictly in 
the dissolved phase. 

More recent data from February and May 2003, have shown significant increases in the TCE and 1,1,2.2-PCA 
concentrations in the shallow groundwater directly beneath Site 4. While this increase IS possibly due to a 
significant rise rn the water table since May 2002 (e.g.: the water table has risen more than 14 ieet into the 
layer 01 contaminated subsurface soil), it indicates that there now is likely to be significant residual 
contamination below the water table that warrants a revision to the preferred alternative identified in the 
Proposed Plan. 

Groundwater data collected since the interim groundwater exlraction systems were installed in approximately 
2000 show significant decreases in TCE concentrations in the wells located downgradient of these systems. 
TCE concentrations in wells downgradient of the centrjfuge extraction wells have declined between 75 and 
100 percent. TCE concentrations in the wells downgradient of the Site W swale extraction lrench have 
declined about 80 percent. 
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2.6 CURRENT AND POTENTIAL FUTURE LAND AND RESOURCE USES 

Site 4 former burial area consists of an open bowl-shaped field approximately one acre in s&z. The area 
surrounding the field to the east, wesl and south is wooded property owned by GSA. The property bounding 
the site to Ihe north is an industrial propertyformerfy operated as a sand and gravel quarry. The land overlying 
the groundwater plume originating at Site 4, and extendtng south to Paint Branch, consists of federal land 
owned by GSA and the U.S. Army, and several private properties along Paint Branch and Ihe Floral Drive 
stream (See Figure 2-3). 

The GSA, which owns Ihe property overlying the groundwater containing the highest concentrations of 
contaminants, has no immediate plans to use this area. The Army property is currently being used for 
industrial purposes. 

The private properties overlying the far southern extent of the plume cover approximately 16 acres. There are 
no drinking water supply wells [ocated on lhese properties and ail of the properties are provided with water 
irom a public source. Groundwaler al Site 4, and throughout the former NSWC White Oak, is not used as a 
potable water source at this time and is unlikely to be used for such purposes in the future. Water for the 
current and future occupants of the former NSWC-White Oak and the surrounding properties is (and is 
expected to continue to be) supplied by a local municipal water authority. Local ordmances prevent the 
installation of new private potable supply wells without a permit. 

Nonetheiess, tar the purposes ol the site assessment, the site was evaluated assuming the possibility of 
residential use for the entire area including the use of the groundwaler as a primary drinking water SOUICB. 

2.7 SUMMARY OF SITE RISKS 

The baseline risk assessments estimate the risks the site would pose if no action were taken beyond the 
source removal already completed. It can provide the basis for taking action and identifies the contaminants 
and exposure pathways that need to be addressed by a remedial action. II can also be used to support a 
determination that no additional remedial action is necessary to protect human health and the environments 
80th ecological and human health baseline risk assessmenls were conducted to evaluale risks from Site 4 
contaminants. The ecological risk assessment was conducted on a tacility-wide basis, and results as they 
relate to Site 4 are discussed in Section 27.4. Baseline human health risk assessments (BHHRA) were 
conducted separately for Site 4 soil (in the Addendum-Human Health Risk Evaluation for Post-Removal Soil, 
Site 4 - Che!nica/ Burral Area, Terra tech NUS, January2003) and the Site 4 groundwater (in the Remedial 
investigation for Operable Unit I, CtI2M HILL, August2002). As discussed in Section 2.52, surface waler and 
sediment have been shown not to have been impacted by releases from Site 4 at concentrations above risk- 
based screening criteria. The basis tor this conclusion is provided in the RI for O&l. 

This section of the ROD summarizes Ihc results of these baseline risk assessments. The human health risk 
assessments contain evaluations of all chemicals (or contaminants) of potential concern (COP&) [alternately 
referred to as potential chemicals of concern (PCOCs) in some site reports] and exposure pathways, including 
some that were later determined to not pose unacceptable risks to human hearth. COPCs are those chemicals 
that are identified as a potential threat to human health after an initial screening and are evaluated further in 
the baseline risk assessment. COPCs are identified by comparing soil, groundwaler, surface water. and 
sediment contaminant concentralions to risk-based screening levels based on direct contact with the 
contaminated media. Soil concentrations are also compared to leaching to groundwater screening levels 
Chemicals of concern (COCs) are a subset of the COPCs. COGS are identified as chemicals in an 
environmental medium (e.g., soil or groundwater) needing to be addressed by a response action because they 
exceed risk-based remediation goals or drinking water standards (i.e.: MCLs), or if concentrations in the soil 
exceed site-specific leaching-to-groundwater criteria developed by site-speciftc modeling. 

No COCs were identified for Site 4 soil under post-removal action conditions based on direct exposure to soil. 
However, two compounds were identified as COCs in soil by the site-specific leaching model because they 
represent possible continuing sources of groundwater contamination. As a result, action is warranted for the 
soil to protect human health. Several COCs were identified in Site 4 groundwater; therefore, aclion is 
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warranted for the groundwater to protect human health. No unacceptable risks to the environment were 
identified for any media. 

The following subsections summarize thevarious risk assessments conducted for Site 4 media, Secause risks 
presented by contaminated soil and groundwater were evaluated in separate reports, they are presented 
separately here. 

2.7.1 Baseline Human Health Risk Assessment Process 

2.7.1. I COPCS 

The selection of COPCs is a qualitative screening process that identifies those site-related chemicals in the 
risk assessment that may add to overall potential risks. 

The COPC selection process was conservative to ensure selection of the constituents comprising the great 
majority of the potential risk associated with the site. The maximum detected concentration of each constituent 
in each medium was compared to a screening value to select the COPCs For the media If the maximum 
concentration of a constituent exceeds the screening value, the constituent was selected as a COPC and 
retained for the risk evaluation. The COPC screening levels were based on EPA Region III risk-based 
concentrations (WCs) (EPA, 2002) for residential land use considering both cancer and non-cancer risks. 
The EPA Region III RBCs were developed using protective default exposure scenarios suggested by EPA 
(EPA, 1991) and the most current available reference doses (RID) and cancer slope factors (CSF) (EPA, 
2002). Chemicals eliminated from turther evaluation at this step are assumed to present minimal risks to 
potential human receptors. 

2.7+1.2 Exposure Assessment 

The exposure assessment defines and evaluates the type and magnitude of human exposure to the 
chemicals present at, or migrating from a site. l-he exposure assessment is designed to depict the physical 
setting of the site, identify potentially exposed populations, and estimate chemical intakes under the identified 
exposure scenarios. Actual or potential exposures are based on the most likely pathways of contaminant 
release and transport, as welt as human activtty patterns A complete exposure pathway has three 
components: a source of chemicals that can be released into the environment, a route of contaminant 
transport through an environmental medium, and an exposure or contact point for a human receptor. 

A human heallh exposure assessment defines and evaluates, quantitatively or qualitatWy, the type or 
magnitude of human exposure to COPCs identified in environmental media at a site under investigalion. The 
potential human receptors evaluated for exposure to soil and groundwater at Site 4 are identified in Section 
2.5.2. Reasonable Maximum Exposure (RME) and Central Tendency Exposure (CTF) risk were evaluated for 
each receptor. The RME scenario represents the highest level 01 human exposure that could reasonably be 
expected to occur, and the central tendency exposure (CPE) scenario portrays the average human exposure. 

Palhway-specific information for these receptors, such as the values of exposure parameters used to quantify 
exposure, are presented in the RI for OU-I (groundwater) and the Addendum-Human Health Risk Evaluation 
for Post-Removal Soil fur Site 4 (soil). 

The exposure point concentration (EPC), which is caiculaled for COPCs only, is a reasonable maximum 
estimate of the chemical concentration that is likely to be contacted over time and is used to calculate 
estimated exposure intakes. The 95 percent upper confidence limit (UCL), which is based on the distribution of 
a data set. is considered to be the best estimate of the exposure concentration for data sets with 10 or more 
samples. The methodology for calculating the 95 percent UCLs is presented in the RI for OU-1. The 95 
percent UCL for each PCOC was used as the EPC for both soil and groundwater because the data set for 
each media consisted of more than ten samples. 
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2.7.1.3 Toxicity Assessment 

This section provides the methodologies for the characterization of the potential human health risks 
associated with the potential exposure lo media al Site 4. The toxicity assessment identifies the potential 
adverse health effects in exposed populations. Toxicity values approved by EPA are used to characterize the 
potential risk. 

The toxicity value used to evaluate carcinogenic effects is the CSF. The CSF is an upper-bound estimate of 
Ihe probability that a person will develop cancer over a lifetime based on a given dose. It is based on dose- 
response data from human and/or animal studies. At this time, slope factors are not available for the dermal 
route of exposure. Thus, the dermal slope factors used in the assessment have been extrapolated from oral 
values An adjustment factor js sometimes applied, and is dependent upon how well the chemical ts absorbed 
via the oral route. 

The toxicity value used to evaluate noncarcinogenic effects is the RfD. The RfD is an estimate of the daily 
exposure level for the human population that is likely to be without appreciable risk during an established 
period of time; ranging trom several weeks to a lifetime, depending on the exposure scenario being evaluated. 
It is based on a review of available animal and/or human toxicity data, with adjustments for various 
uncertainties associated with the data. As with CSFs, FtfDs are not available for the derrnal route of exposure. 
As was the case with the carcinogenic compounds, dermal RfDs can be extrapolated from the oral reference 
doses by applying an appropriate adjustment factor. Adjustments are particularly important for chemicals with 
less than 50 percent absorption via the ingestion route. 

2.7.1.4 Carcinogenic Risk Characterization 

Quantitative estimates of rusk are calculated using exposure and toxicity values according to risk assessment 
methods outlined in current EPA guidance (EPA, 1989). Incremental litetime cancer risks (ILCRs) are 
expressed in the form of dimensionless probabilities, which are derived using published CSFs. 
Noncarcinogenic risk estimates are presenled in Ihe form of hazard quotients (HQs) that are derived using 
published RfDs 

It-CR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as 
follows: 

ILCR = (CDI) / (CSF) 

where: 

It-CR = a unitless probability (e.g. 2.0 X 105) of an individual’s developing cancer 
CDI = chronic daily intake averaged over 70 years (my/kg-day) 
CSF = cancer slope factor, expressed as (mg/kg-day)” 

An excess ILCR of 1 .O X IO’ indicates that an individual experiencing the reasonable maximum exposure 
estimate has a 1 in l,OOO.OOO chance of developing cancer as a result of site-related exposure. This is 
referred to as an “excess ILCR” because it would be in addition to the risks of cancer individuals face from 
other causes such as smoking or overexposure to the sun. The chance of an individual’s developing cancer 
from atl other causes has been estimated to be as high as one in three. 

In order to interpret the quantitative risks and to aid risk managers in determining the need for remediation at a 
site! quantitative risk estimates are compared to typical benchmarks. EPA has defined the range 1 .O X 10~” to 
1 .O X IO” as the ILCR “target range” for most sites addressed under CERCLA. A cumulalive ILCR greater 
than 1 .O X 10’” generally will indicate that some degree of remediatjon is required and ILCRs below 1 .O X 1O-6 
normally will not require remedial efforts. Whenever ILCRs fall between 1 .O X 10”and 1 .O X 1 O’“, decisions for 
remediation will be made on a case-specitic basis. Individual chemicals contributing significantly to risks above 
the target range are considered to be COGS. 
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2.7.7.5 Nuncarcinogenic Risk Characterization 

Noncarcinogenic risks are assessed usjng the concept of hazard quotients (I-l&) and hazard indices (HIS). 
The HC! for a COPC is the ratio of the estimated intake to the RfD. as follows: 

IHQ = (Estimated Exposure Intake) / (RfD) 

Summing the individual HQs for all the COPCs generates an Hi. It should be noted that an HI is not a 
mathematical prediction of the severity of toxic effects and therefore is not a true “risk,” it is simply a numerical 
indicator of Ihe possibility of the occurrence of noncarcinogenic (threshold) effects. 

An Hi exceeding unity{one) indicates that there maybe potential noncarcinogenic health risks associated with 
exposure. If an HI exceeds unily (one), target organ effects from individual COPCs contributing to the risk are 
considered next. Only those chemicals that affect the same target organ(s) or exhibit similar critical effect(s) 
are regarded as being truly additive. Thus, COPCs contributing lo an HI greater than I .O on the basis of a 
single target organ/effect are considered to be COCs. 

2.7.7.6 Uncertainly Analysis 

The risk measures used in site risk assessments are not fully probabilistic estimates of risk but are conditional 
estimates given that a set of assumplions about exposure and toxicity are used. Thus it is important to specify 
fully the assumptions and uncertainties inherent in the risk assessment to place the risk assessments in proper 
perspective. This process is referred to as an uncertainty analysis. The uncertainties associated with the risk 
evaluations for soil and groundwater are discussed in the following sections. 

2.7.2 Baseline Human Health Risk Assessment Results - Soil 

The 8HHRA for soil was conducted specifically for the so11 that was left at Site 4 after the 1999 removal action. 
The list of soil COPCs was developed using this data. A summary of the COPC selection process for 
exposure to Site 4 soil under a residential land use scenario is presented in Table 2-8. COPCs ior soil were 
defined as those chemicals with maximum concentrations greater than the EPA Region 3 risk-based 
concentration for soil ingestion in a residential setting. The chemicals retained as COPCs are: 

l Four polycyclic aromatic hydrocarbons (PAHs): benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)iluoranthene, and benzo(a,h)anthracene 

l One PCB: Aroclor 1260 

l Dioxins/furans 

The EPCs for COP& in Site 4 soil are presented in Table 2-9. Soil EPCs are based on the 95 percent UCL 
because the data set consists of greater than ten samples. The oralldermal CSFs for the soil COPCs are 
presented in Tabte 2-10. HIS were not calculated for soil because none of the soil COPCs are known to present 
adverse noncarcinogenic effects (None of the COPCs have RfDs). 

Estimated ILCRs from exposure to soil al Site 4 under the RME and GTE conditions are summarized below. 

incremental Lifetime Cancer Risks for Site 4 Soil (Cumulative Risk Summary) 
._.-~ .___--- -.._-- -_-__---_- 

FUll Maintenance Adult Day Care Age- 
Time /Utility Construction Recreational Adolescent Center adjusted 

Worker Worker Worker User Trespasser Child Residen! 
._. -_-.-.__l. ,..I~ .._^._ - __ 

Total ILCR 1.5E-05 1 BE-06 1 7E-06 1.2&-06 2.2E-06 1.8E-05 5.8E-05 
- RME 

Total ILCR 1.9506 
- GTE 

-__._-___~ 

1.5E-07 a 4~-07 7.1 E-08 4 3E-07 3.1 E-06 4.2E-06 

-I__ .._.. I .-_. ._. ,~-_-~-__ -..- -.._ .__._. __.~__I . . 
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The cumulative ILCRs for all potentiat receptors under RME conditions are within the EPA acceptable target 
range of I .O X 10.” lo 1 .O X IO.“. Dioxins/furans account for 83 percent of the total cancer risk, while PAHs 
account for 14 percent. PCBs account for 3 percent. The cumulative ILCRs for all potential receptors under 
the CTE conditions are less than the lnwer bound 01 the EPA acceptable target range of 1 0 X IO” to 1 .O X 10. 
t; 

Tables 2-l 1 through 2-18 summarize the contribution of cancer risks from each COPC under the RME 
scenario. Tables 2-19 through 2-26 summarize the contribution of risks from each COPC under the CTE 
scenario. 

Some uncertainty associated with Ihe identification of metals as COPCs still exists. A statistical analysis 
(Wiicoxon Rank-Sum Test) of site metal concentrations compared to site-specific background concentrations 
was conducted to determine if site concentrations are signiFicantly greater lhan the background 
concentrations If they are significantly greater than background, and the maximum detected concentrations 
are greater than Ihe screening level, i e., one-tenth the RBC for noncarcinogens and the RBC for carcinogens, 
they are identified as COPCs. if the site concenlration was not significantly greater than the background 
concentration, the metal was not identified as a COPC, even if its maximum concentration was greater than 
the screening level. The statistical analysis accounts #or the variability in concentrations. 

The COPCs for soil based on the leaching-to-groundwater scenario, are those compounds lhal are found rn 
soil and are atso found in groundwater at the site al concentrations that exceed PRGs. Two COP& were 
identilied in the OU-I FS: TCE and 1,1,2,2-PCA. While several chemicals. including benzene, 
benzo(a)pyrene, die&in, dioxinsjfurans, arsenic, and chromium, were detected in one or more soil sampies 
from the Site 4 area at concentrations in exc:ess of a conservative default leaching criteria, they were not 
included in the list of COPCs because theywere nol detected above PRGs in anygroundwater samples from 
this area. 

TCE and ‘1,1.2,2-PCA were subsequently identified as COCs because lhey are present in soil at 
concentrations that could cause exceedences of PRGs in the groundwater based on the site-specific leaching 
model used in the OU-1 FS. 

Of the groundwater COCs identified in Section 2.8.3 for the Site 4 groundwater, only TCE and 1 ,I ,2,2-PCA 
have been detected in any significant concentrations in Site 4 soil. The others are either: 

1. Breakdown products of TCE and 1,1,2,2-PCA that were only detecled in the groundwater and not 
detected in the soil (uis-1,2-DCE, 1,2-DCA, vinyl chloride), or 

2. Were only detected above PRGs in the groundwater in the downgradient porlions of the Site 4, 7 and 46 
plume and are associated with other soil-based source areas that have been remediated by other actions 
(benzene, toluene, and the amino DNTs). 

27.3 Baseline Human Health Risk Assessment Results - Groundwater 

The BHHRA for groundwater presented in the OU-1 81 report was conducted to evaluate risks related to the 
entire OU-1, a groundwater OU of which Site 4 is just a part. This approach was taken because chemicals 
related to several of the individual sites mix together in the groundwater making it difficult and impractical to 
generate risks associated with individual source areas (sites). The OU-1 8HHRA generated a list of COPCs 
for the entire OU-1 and quantified worst-case risks to receptors. The OU-I FS then identified the subset of 
groundwater COPCs related lo distinct areas of OU-I for the purpose of setting preliminary remediation goals 
(PRGs) and identifying COCs for each area. For the purpose of the ROD, site-specific risks have been 
conservatively estimated for Site 4 groundwater as discussed below. 
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2.7.3.1 Risks from OU-l Groundwater 

The list of groundwater COPCs for the entrre OU-1 was developed using the samples identified in Table Z-27. 
Forty-one COPCs were identitied in the groundwater in the Coastal Plain and saprolite aquifers. These consist 
of 20 VOCs. 4 explosives compounds, perchlorate, and 16 inorganics. Eighteen of these were alsc~ identified 
as COPCs in the bedrock groundwater (6 VOCs, 3 explosives compounds, perchiorate, and 8 inorganics). A 
list of the COPCs for alt of OU-1 is presented in Table Z-28. A summary of the COPC selection process for 
exposure to OU-1 groundwater in the Coastal Plainisaproiite under a residential land use scenario is 
presented in Table 2-29. COPCs for OU-1 groundwater were defined as those chemicals with maximum 
concentrations greater than the EPA Region 3 risk-based concentration for tap water in a residential setting. 
Background concentrations were not used to screen out COPCs at this point in the risk assessment process. 

The EPCs for COPCs in OU-1 groundwater under a residential use scenario are presented in Table Z-30. 
Groundwater WCs are based on the 95 percent UCL because the data set consists of more than ten samples. 
The oral/dermal RfDs and CSFs for the OU-I groundwater COPCs are presented in Tables 2-31 and 2-32, 
respectively. 

Estimated HIS from exposure to OU-1 groundwater in the Coastal Plain/saprolite under the RME and CTE 
conditions are summarized below. The cumulative Hts (the sum of HQs for each COPC) for the construction 
worker under RME and CTE conditions do not exceed the EPA target of unity (one). The HIS for adult and 
child residents do exceed 1 for both the RME and CTE conditions. 

Hazard Index for all OU-1 Groundwater in the Coastal PtainlSaprolile 
Cumulative Risk Summary 

ll_.---_ 
Total HI - RME 

Total HI _ CTE 

Construction Adult Child Age-adjusted 
Worker Resident Resident Resident 

1 37 66 NA 

0.04 6.8 13 NA 
----_“-.l ..-_, 

Estimated ILCRs from exposure to OU-1 groundwater in the Coastal Plain/saprolite under Ihe RME and CTE 
conditions are summarized below. The cumulative ILCRs for the construction worker under RME and GTE 
conditions are within or less than the lower bound of the EPA acceptable target range of 1 .O X 10~J to 1 .O X IO. 
‘. The ILCRs for adult resident is greater than the upper bound of the EPA acceptable target range under the 
RME conditions and within the range under Ihe CTE conditions. The ILCRs for the age-adjusted residents 
under bolh the RME and CTE conditions are greater than the upper bound of the EPA acceptable target 
range. 

Incremental Lifetime Cancer Aisks for all OU-1 Groundwater in the Coastal PlainlSaprolite 
Cumulative Risk Summary 

---I_-- --__---- 

Construction Child Age-adjusled 
Worker Adult Resident Resident Resident 

Total ILCR - RME 2.3E-06 

Total ILCR - CTE Nol Calculaled 

6.6E-04 NA 5 6E-03 

5.5E05 NA 7 DE-03 
--“.- ..- I-...~.- ---“-- 

Table 2-33 summarizes the contribution of risks (both cancer and non-cancer) from each COPC under the 
RME conditions. Table 2-34 summarizes Ihe contribution of risks from each COPC under the CTE conditions. 
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2.7.3.2 Site-Specific Risks from Site 4 Groundwater 

Site specific risks were estimated for the Site 4 groundwater using the results 01 the OU-l-wide risk 
assessment Because the Site 4 area is a sub-area of OU-I and several of the COPCs identified for OU-I are 
not found at Site 4 groundwater, it is assumed the risks from Site 4 will be less than those from the entire OU- 
1. Also, it is assumed that lhe only exposure scenarios that might result in unacceptable risks from 
groundwater at Site 4 are those where unacceptable risks are present for OU+I as a whole, i.e. residential 
child, adult, and age-adjusted. The COPCs for the Site 4 groundwater were selected by identilying those OU-1 
COPCs that are pre.sent at concentrations corresponding to a cancer risk of LOE-06 or above, or an HI of 0 I 
or above, and were cletected in monitoring wells within the Site 4 source area and plume. These levels were 
selected to ensure that the overall risk from COCs across OU-I does not exceed a carcinogenic risk of 5x10-5 
or noncancer hazard of 1. 

Finally, inorganic compounds found in the groundwater at Site 4 in concentrations that do not exceed base- 
wide background levels were excluded as COPCs for Site 4 based on the background comparison evaluation 
conducted in the OU-1 RI. The maximum detected chemical concentrations in groundwater were compared lo 
the 95 percent upper tolerance limits (UTLs) calculated for the background data. Additionatly, a population to 
population (background groundwater to site groundwater) comparison was conducted using Ihe nonparametric 
Mann-Whitney U tesl since the site data and background data are not normally distributed. The maximum 
detected concentration of thallium is slightly below the background UTL. Based on the Mann-Whitney U test; 
cobalt, manganese, and nickel are also present in the site groundwater at similar concentrations to the 
background groundwater. As a result of this comparison, thallium, cobalt, manganese and nickel were 
eliminated as COPCs. 

The following chemicals were retained as COPCs in Site 4 groundwater: 

l Eight VOCs: 1 ,1,2,2-PCA, TCE, cis-I ,2-dichloroethene (DCE), 1 ,I-DCE. 1,2-dichloroethane (DCA), vinyl 
chloride, benzene, and toluene 

l Three explosives compounds: 2,4,&trinitrotoluene, Z-amino-4,G-DNT and 4-amino-2,6-DNT 

l Three inorganics: arsenic, cadmium and iron 

l Perchlorate 

HIS and 1LCR.s were then calculated by assuming that the maximum incremental risk calculated for each of 
these COPCs during the OU-1 risk calculalion applied lo Site 4. Incremental risks related to other VOCs that 
were detected in a small number of sampies below screening criteria were also included in the Site 4 
groundwa,ter risk summary. The incremental risks used to calculate the Site 4 risks are highlighted in 
Tables 2-33 for Ihe RME conditions and in Table 2-34 for the CTE conditions. 

Estimated HIS from exposure to Site 4 groundwater in the Coastal Plainisaprolite under the RME and CTE 
conditions are summarized below. The cumulative HIS for adult and child residenls exceed I for both the RME 
and CTE conditions. 

Estimated Hazard Index for Site 4 Groundwater in the Coastal PlainISaprolile 
Cumulative Risk Summary 

.,___-_-.. -- I _ _._. - _ 
Adult Resident Child Resident Age-adjusted Resident 

I_---.---- -_.-.~.- _... _l,.” .._ -..- _ ---- 
Total HI - RME 30 48 NA 

Total HI - CTE 57 9.7 NA 
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Estimated ILCRs from exposure to Site 4 groundwater in the Coastal Plain/saprolite under the RME and CTE 
conditions are summarized below. The ILCR for the adult resident is greater than the EPA target risk range 
under- the RME scenario, but wilhln the range under the CTE scenario. The lLCR for and age-adjusted 
resident is greater than the EPA acceptable target range under both the RME and GTE conditions. 

Estimated ICLR tot Site 4 Groundwater in the Coastal Plain/Saprolite 
Cumulative Risk Summary 
--__..-- 

Adult Resident Child Resident Age-adjusted Resident 
“~ . . ..-- 

Total ILCR - RME 6.6E-04 NA 5.5E-03 

Tolal ILI;R - CTE 5.5E-05 NA 1 .OE-03 

2.7.4 Ecological Risk Assessment 

The Navy conducted a facility-wide baseline ecological risk assessment (BERA) at NSWC-W bite Oak. The 
procedures followed in conducting the BERA are outlined in the April 2001 final report (TTNUS, April 2001). 
The BERA consisted of screening all soil, surface water, and sediment data collected at the facility against 
applicable ecological risk-based screening criteria. This data included soil data from Site 4 as well as sedimenl 
and suriace waler data from the surrounding streams that would receive groundwater impacled by Site 4. The 
BERA concluded that there was no unacceptable risk from Site 4 soil based on post-removal action 
conditions. The BERA also concluded that the sediment and surface water in the streams do not present 
unacceptable risks. As groundwater exposure is not associated with ecological receptors, Site4 groundwater 
poses no unacceptable ecological risks. 

2.7.5 Conclusions of Risk Assessments 

Under current conditions, there is no significant hluman health risk associated with contaminants in 
groundwater because groundwater at Site 4 is not being used as a potable source. 

Non carcinogenic HIS associated with exposure to Site 4 groundwater, both in the coaslal plainisaprolite, and 
in the bedrock, under a hypothetical future residential scenario (adult or child) exceed the EPA’s acceptable 
target of unity. The ILCRS associated with exposure to groundwater under a hypothetical future residential 
scenario exceed the EPA’s acceptable range. 

These unacceptable carcinogenic and non-carcjnogenic risks warrant that an evatuahon of remedial 
alternatives be conducted to determine the appropriate remedial action to reduce groundwater contaminant 
concenlralions or mitigate exposure. 

The BHHRA determined that the Site 4 soil remaining after the 2002 removal action does not present an 
unacceptable risk for exposure to soil [i.e., the H1 was below unity (one) for atI receptors and the ILCR was 
below the upper risk range of 1 .O x 1 O”]. The site soil also does not pose an unacceptable ecological risk. 

However concentrations of TCE and 1,1,2,2-PCA in the soil do represent a continuing source of groundwatet 
contamination. Site-specific modeling indicates that current soil concentrations of these two chemicals may 
result in groundwater contamination at levels that would exceed MCLs and result in an unacceptable risk to 
potential future residents that might use the groundwater for a primary drinktng water source. 
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2.1) REMEDIAL ACTION OBJECTIVES 

Remedial action objectives (RAOs) identify receptors, pathways, and actlon levels. The RAO for Site 4 so11 
is: 

l Prevent leaching of contaminants from soil to groundwater at concentrations that would result in 
unacceptable risks to human receptors. 

The RAOs for the contaminated groundwater at Site 4 are: 

. Prevent unacceptable risks to human receptors from exposure to contaminants in the groundwater 

. Where practicable, to restore contaminated groundwater to a quality amenable to beneficial use (i.e., 
meet Ihe PRGs identified). 

2.8.1 Appticable or Relevant and Appropriate Requirements 

Applicable or relevant and appropriate requirements (ARARs) and other to-be-considered (TBC) criteria were 
identified that pertain to the chemicals, actions, and location at Site 4 For each of the alternatives considered. 
These ARARs and WCs are listed and evaluated for applicability In Tables 8-1, B-2, and B-3 in Appendix 6. 

2.8.2 Soil COCs and PRGs 

A mass-limited leaching model, as described rn Appendix C of the OU-1 FS (CH2M HILL. June 2003), was 
used to calculate averaqe, rather than maximum, allowable risk-based PAGs for TCE and I, 1,2,2-PCA for site 
soil The calculated soil PRGs are concentrations that would not result in an exceedence of groundwatel 
PRGs for these compounds (see groundwater PRGs below) through the process of partitioning (leaching) into 
rainfall as it infiltrates through the contaminated soil. The allowable concentrahons for TCE and 1,1.2.2-PCA, 
averaged over the approximately 30-foot thick unsaturated zone at a given boring location, are 35 pg/kg and 
21 pg/kg respectively. Concentrations of TCE and 1 ,1,2,2-PCA in discrete depth intervals in a given boring 
may significantly exceed these average PRGs as long as the concentration averaged over a 30-foot thick 
unsaturated zone does nol exceed these PRGs. 

For example if the vadose zone soil IS 30-feet thick and the concenlration of TCE in one two-foot interval is 
500 lLg/kg, while the TCE concentrations in all other two-foot intervals in that boring are less than the detection 
limit, then the average concentration is: 

(500 pgfkg x 2 feet)/30 feet = 33 !Lglkg, 

This is below the PRG of 35 pg/kg, so the soil in this location would be acceptable. 

If at the time of siteclosure, it can be shown that other modeling methods are more appropriate. then theywill 
be considered by Navy, ME, and EPA. 

Because the objective of the soil remediation is to protect groundwater, the ultimate success of the so11 

cleanup IS more accurately tied to the resulting groundwater concentrations rather than a modeled soil 
concentt-ation. It it can be shown through groundwater monitoring data that the soil no longer represents a 
source of groundwater contamination at unacceptable leveis (i.e., above groundwater WIGS), the soil 
remediation will be considered to becomplete. The methods used to provide representative groundwater data 
to show that the soil is no longer a continuing source are further discussed in the description of the selected 
remedy for soil in Section 2.12.2.7. 

2.8.3 Groundwater COCs and PRGs 

Two sets of PRGs were developed for the groundwater contamination associated with Site 4. One set of 
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PRGs applies to the upgradient portion of the plume (referred to as the Site 4 PRG attainment area) and the 
other set of PAGs applies to the downgradient portion of the plume (referred to as the Site 46 PRG attainment 
area}. The plume was divided into two sectlons because the number and type of COPCs differs from one area 
to the other. The PRGs were developed based on combined risks from the COPCs in each attainment area 
only, and do not consider additional risks from chemicals found in the groundwater in other areas of OU-1. 
The rationale for this approach IS presented in the OU-I FS and is summarized in the following paragraph. 

OU-1 consists of a large (210 acres) area with muftiple source areas. Because the contaminants associated 
with each source area, and the resultant plume, vary from source to source, the risk drivers for groundwater 
are dillsrent in different areas of the OU. (Also because of this, the various groundwater areas of the OU 
requiring remedial action are being addressed by separate actions and RODS.) PRGs for groundwater in OU-1 
were set with the goal of reducing the cumulative risk from all contaminants to an acceptable level in a specific 
area that one might be exposed to if a supply well was Installed and used in that location. As a result, a 
contaminant such as 1 ,1,2,2-PCA would requrre a lower PRG in an area where it is present along wilh other 
contaminants that affect the same organ of a receptor’s body than it would in an area where it is the sole 
contaminant. In order to ensure that risks are addressed appropriately, PRG attainment areas (contiguous 
areas with similar groupings of contaminants) were developed and a corresponding list of COPCs was 
Identified for each. The PRG attainment areas for OU-1 are shown in Figure 2-9. As shown on this figure, the 
plume present in the Site 4 area has been divided into two separate attalnment areas; one for the area 
immediately around Site 4, which contains relatively high concentrations of a few chemicals (primarily 
chlorinated VOCs). and one area downgradient of the Site 4 source area, referred to as the Site 46 attainment 
area, which contains relatively low concentrations of a wider variety of chemicals. 

Groundwater risk-based PRGs for this ROD were calculated separately for the COPCs identified in each of 
the two PRG attainment areas, using Ihe future residential scenario. Risk-based groundwater PRGs were 
calculated for the child, adult, and lifetime resident since these receptors had risks (in the OU-1 BHHRA) 
which exceeded the criteria discussed above. The exposure scenarios considered were exposure to 
groundwater through ingestion, dermal contact, and inhalation of VOCs while showering (adult only). The 
contaminant concentrat!ons related to carcinogenic risk levels of lo’“, IO’“, and 10.” were calculated for each 
COPC in each of the two attainment area. The proposed PRG for each COPC in each of the two attainment 
area was then calculated so that the overall cancer risk would not exceed 5 x IO-“, and the hazard to a target 
organ would not exceed 1. These calculations are presented in Tables 2-35 through 2-30 for Ihe Siie 4 PRG 
Allainment Area, and Tables 2-39 through 2-42 for the Site 46 PRG Attainment Area. 

The PRGs for each COPC in lhese two groundwater attainment area are shown in Table 2-43. The PRG is the 
Safe Drinking Water Act MCL (for those compounds that have MCLs) and the calculated attainrnent-area- 
specific risk-based PRG for chemicals that do not have MCLs. 

The PRGs were then compared to the maximum detected contaminant concentration in the groundwater in 
each altainmerit area in order to identify COCs. COCs are a subset of the COPCs; they are those chemicals 
that are identified as needing to be addressed by the response action In general, if Ihe maximum 
concentration oi a chemical found in the groundwater in a specific attainment area exceeds the PRG then that 
chemical is considered a COC; COCs for each atlainment area are Identified in Table 2-43 and are listed 
below with their PRGs. 
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Groundwater PRGs Groundwater PRGs 
kr Site 4 lor Site 46 

Attainment Area Attainment Area 
cot WL) tfJ!3W 

ICE 5 5 

1,1.2.2.-PCA 3 5.9 

Cis- 1,2-DCE 70 70 

1,2-DCA 5 5 

Vinyl Chloride 2 2 

1,1-DCE -A 

Benzene -A 5B 

Toluene 1,000 % 

2-amino-4,6-DNT 0.18 

4-amino-2,6-ON1 0.18 

2,4,6-TNJ 

RDX 

Iron (dissolved) 4,600 9,300 

MCL - PRG is Ihe maximum contaminant level drinking water slandard. 

RB - PRG is a site specific risk-based standard calculated using guidance developed by EPA Region 
ill. 

A - compound was detected throughout the altainment area at concenlralions below MCL, bul 
incremental risk from compound was included in the overall risk calculations to determine risk-based 
PRGs for olher compounds. 

B - compound was detected in only 1 well in the attainment area, but because it exceeded the MCL iL 
was included as a PRG~ The incrementat risk from the compound was not included in the ovflrall risk 
calculations to determine risk-based PRGs for olher compounds. 

Although perchlorate has been detected in several of the attainment areas, it is not considered a COC and no 
PRG has been established. At this time there is no established ARAR for perchlorate, and the human health 
risk-based screening level identified by EPA Region 3 is strictly associated with drinking waler. Because of 
these considerations and gjven the fact that the OCI-1 groundwater is not currently used as a source oi 
drinking water, and ils use IS and will continue to be prohibited through existing local regulations and proposed 
institutional controts, perchlorate is not considered a COC. However, the monitoring 01 perchlorate 
concentrations in groundwater and in the intluent and eliiuent of any ex-situ treatment system will be 
performed during the course of the remedial action and every five years the remedy will be reviewed to ensure 
it remains protective of human health and the environment. The maximum concentration of perchlorate found 
within the Site 4 groundwater area is 76 pg/L. 

2.8.4 Estimated Volumes of Contaminated Soil 

The lateral and vertical extent of the target remediation zone for Site 4 soil was delineated during extensive 
sampling conducted as part of the OU-1 FS investigation. The approach used to calculate PRGs for TCE and 
1,1,2,2-PCA, and then average soil concentrations and develop a three dimensional target remediation zone is 
presented in the FS. 

Basis 

MCL 

FIB 

MCL 

MCL 

MCL 

MCI- 

MCL 

MCL 

R8 

88 

RB 

RB 

RB 
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The proposed target remediation zone for soil covers an area 125 feet wide (perpendicular to groundwater 
flow) by 64 feet long (parallel to groundwater flow) or approximately 8,000 f?. The vertical extent of TCE 
and/or 1 ,I ,2,2-PCA contamination is located within an average Ii’-foot thick layer of medium to course sand 
and gravel extending from roughly 14 to 28 feet bgs, however at a few locations TCE does extend deeper than 
30 feet to approximately 34 feet bgs. The average concentration of TCE and 1,1,2,2-PCA within the tai,get 
remediatton zone for soil is 5,900 pg /kg and 55 pg/kg respectively. 

2.8.5 Estimated Volumes of Contaminated Groundwater 

The dissolved-phase plume originating at Site 4 encompasses an area of approximately 57 acres. Much of 
this plume is being adequately addressed (contained and /or remediated) by the existing interim groundwater 
extraction and treatment systems. A major focus of the remedial alternatives for the dissolved phase 
contamination in the Site 4 groundwater is the areas of grealest chlorinated VOC concentrations north 01 the 
cenlriluge extraction wells. This area, referred to as the Site 4 groundwatsr target remediation zone, is 
characterized by TCE concenlralions greater than 500 pg/L (Figure 2-l 0). The target remediation zone also 
includes the areas to the east and west (side-gradient) of this central plume, all of whose concentrations 
exceed the MCL. This zone is typically about 500 feet wide and about 950 feet long. This yields an area of 
about 470,000 square ft or 10.8 acres. The thickness of contamination is estimated to be the entire saturaled 
zone within the Coastal Plain deposits, approximately 25 feel. Assuming an effective porosity of 0.25, an 
estimaled 3 million cubic feet or about 22 million gallons of groundwater are within the groundwater target 
remedlation zone. 

The actual distribution of contamination is variable with depth. For the purposes of evaluating remedial 
alternatives, the assumption was made that TCE wilhin the groundwater target remediation zone has a 
concentration that averages 500 pg/L. Under this assumption, the 22 million gallons or 84 million liters of 
contaminated groundwater conlain approximately 42 kg or about 90 pounds of TCE in the dissolved phase. 
The amount of TCE adsorbed on the aquifer soil within the groundwater target remediation zone is estimated 
tobe50kgorl08pounds. 

A simrlar se1 of calculations was made for 1,1,2,2-PCA. There is less than 1 pound of 1,1,2,2-P&I in the 
dissolved phase and a similar mass in the sorbed phase within the groundwater target remedbation zone. 

Calculations of contammant mass were also made for the portions of the plume south (downgradient) of the 
groundwater target remediation zone. This portion of the plume, which encompasses 46 acres. contains lower 
concentrations of TCE ranging from 500 to 5 Fig/L, and averaging about 200 [Lg/L. The thickness of 
contamination is estimated to be the entire saturated zone, approximately 15 feet averaged over the entire 
area. There are an estimated 7.6 million ClJbiC feet or about 56 million gallons of groundwater within this area 
containing approximately 42 kg or about 94 pounds of TCE in the dissolved phase. There are an estimated 54 
kg or 120 pounds of TCE in the sorbed phase. 

2.9 DESCRIPTION OF ALTERNATIVES FOR SOIL 

Four remedial alternatives were developed to address the contamination in the deep subsurface soil in the 
Site 4 area that may be a continuing source of groundwater contaminaiion. 

l Alternative I-No Action 
l Alternative 2-Soil Vapor Extraction 
l Alternative 3-/n&u Chemical Oxidation 
l Alternative 4--Excavation and Offsite Disposal 

The following sections outline the components of each of these remedial alternatives. 

2.9.1 Alternative l-No Action 

The no-action alternative is required by Ihe NCP and serves as the baseline alternative lor comparison 
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purposes. All other remedial action alternatives are judged against the no-action alternative. Under this 
atternative, no controls or remedial technologies would be implemented. No additional monitoring would be 
performed. No effort would be made to meet ARARs or PRGs and therefore the risk of TCE and 1 ,I ,2.2-PCA 
leaching from soil to groundwaler remain. 

CERCLA (Section 121(c)), as amended by SARA (1986). would require that, even under the no-action 
alternative, the site be reviewed every 5 years since contamination in the soil would remain onsite. 

2.9.2 Alternative 2-Soil Vapor Extraction 

Soil vapor exlraction (S/E) is an in-situ technology that involves extracting soil gas from the vadose zone to 
volatilize contaminants. Ambient air would be pulled through the vadose zone and flush the vadose zone. This 
would remove vapor-phase contaminants in the pore space and volatilize residual- and adsorbed-phase 
contaminants 

l’he primary components of this aiternative are: 

l Installation of soil vapor extraction wells and blower syslem 
. Basetine and verification soil and vapor sampling to monitor treatment efficiency 
. Preparation of a remediation completion report 

l Each of these components are cliscussecl in detail below. 

2.9.2.1 Installation and Operation of Soil Vapor Extraction Wells and Blower System 

Approximately 5 SVE welts would be installed within the Site 4 soil target remediation zone. A radius of 
influence of approximately 30 It is expected for each SVE well based on site geology. The SVE wells would be 
drilled using hollow stem auger (HSA) drilling lechniques and would be constructed of 4-inch PVC, with a 20-k 
screen throughout the zone of the contamination from approximately 75 to 35 ft bgs. The lower interval would 
coincide with the top of the water table. An SVE blower would be connected to the well network. A blower of 
300 standard cubic ft per minute (scfm) and 90 inches of water vacuum capacily would be provided toextract 
approximately 60 scfm of air fmm each of the SVE wetis. The SVE blower would be able to extract soil gas al 
a rate sufficient to achieve five to 10 pore volume exchanges per day. 

The estimated design parameters and system layout for SVE are: 

. Size of Target Remediation Zone - 125 ft by 64 ft or 0.2 acres 
l Radius of Influence 30 it 
l Number of SVE Wells and Spacing - 5 wells spaced at 60 It 
l Air Extraction Rate- 60 scfm per well 
l 810wer Demand - 300 scfm at 90 inches of water vacuuni 

Once the contaminants are stripped from the vadose zone, they would be discharged to the atmosphere 
where they would disperse. Emissions estimates show that the off-gas concentration of TCE would be more 
than an order of magnitude lower than the National institute for Occupational Safety and Hearth (NIOSH) 
permissible exposure level (PEL). Therefore, it was assumed that no off-gas treatment would be required. 

2.9.2.2 Baseline and Post-treatment Monitoring 

Effectiveness of the treatment would be monitored by collecting and analyzing soil samples from selected 
locations prior to and following the treatment. Sampling and analysis of the off-gas and the collection of soil 
screening samples would be conducted to track disappearance of chlorinated VOCs (specifically TCE) and 
other chemicals in soil for which PRGs have been established, to provide an indication if an endpoint has been 
reached and confirmatory samples should be collected. 
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At the apparent completion of the treatment, a comprehensive soil sampling program would be conducted to 
determine if the established average PRGs have been met. Approximately 20 soil samples would be collected 
for laboratory analysis of chlorinated VOCs. The data would be evaluated to determine if additional aeration is 
necessary. For purposes of this analysis, remediation was assumed to be complete after 2 years. 

2.9.2.3 institutional Conlrols 

This remedial action would not require institulional controls to limit land use during rernediation. The soil 
concentrations are all below direct-conlact risk-based levels. The potential risk from the site soils is related to 
leaching to groundwater and subsequent use of the groundwater as a drinking water source. Institutional 
controls lo restrict groundwater use are included in the alternatives evaluated for the Site 4 groundwater in 
Section 2.13. 

2-9.2.4 Reporting 

A closeout report would be generated to documenl the results of the SVE treatment. Technical memoranda 
would also be generated to document the results of the out-year verification sampling rounds. It is assumed 
that a 5-year report would not be recluired if the SVE is successful within an estimated 2 years. If remediation 
requires more than 5 years, a 5-year report would be prepared. 

2.9.3 Alternative 3-h-situ Chemical Oxidation 

In this alternative, an oxidative reagent would be injected and distributed throughout the Site 4 soil target 
remediatjon zone to promote oxidization of the contaminants to innocuous compounds such as carbon dioxide 
and water. The primary components of this alternative are: 

. Performance of a field-scale pilot test to determine the optimum oxidant and dose 

. Installation of injection wells and injection of the oxidizing reagent 
l Baseline and post-injectron soil sampling to monitor treatment efficiency 
l Preparation of a remediation completion report 

In siluchemical oxidation (ISCO) is considered an emerging technology for the treatment of chlorinated VOCs. 
Typical oxidanls include Fenton’s Reagent (iron and hydrogen peroxide), hydrogen peroxide, potassium and 
sodium permanganate. sodium persulfate, and ozone. Because this is an emerging technology, the full 
spectrum of reaction intermediates and products is not fully understood for all contaminants. ISCO has been 
used to successfully treat TCE in subsurface soil. The major components of this alternative are drscussed 
below. 

2.9.3. I Performance of a Pilot Test 

Evaluation of the selected oxidant would be conducted during a field-scale pilot test in the solJrce area. 
Contaminant degradation in the soil would be tracked with tirne to determine the effectiveness of the 
lechnology and feasibility and design paramelers for full scale implementation. 

It is assumed that Fenton’s Reagent would be appropriate. Fenton’s Reagent is an oxidant that is sllitable for 
n srtrrapplication at this site because it is a strong oxidizer and, unlike potassium permanganate, can oxidize 
chlorinated ethanes as well as chlorinated ethenes. Its rapid reaction kinetics are favorable for expedrted site 
remediat!on. 

2.9.3.2 Installation of injection Wells and Oxidizing Reagent injection 

Approximately70 chemical injection points would be sufficient to treat the target zone of soil conlaminalion. It 
was assumed that each injection point would have a radius of influence of IO ft in the vadose zone. Additional 
points were added to cover the fringe areas of the target zone. Two layers of injection points would be installed 
within the target zone. The chemical injeclion points would be constructed similar lo temporary monitoring 
wells and drilled using the hollow stem auger (HSA) rather than pushed using direct-push technology (DPT) 
due to the cobbles/boulders present in the site soil. The Injection points would consist of I !G-inch diameter 
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black steel pipe with a 5-ft section of stainless steel screen. The upper layer of injection points would be 
screened from approximately 17 to 22 ft bgs on average. The lower layer of injection points would be screened 
from approximately 26 to 31 ft bgs. It is estimated that approximately 105,000 lb.% of hydrogen peroxide (SO- 
percent) would be required to destroy the approximately 28 Ibs. of chlorinated VOCs in the soil and even larger 
amounts of petroleum hydrocarbon. This is based on a minimum requirement of 1,500 Ibs of hydrogen 
peroxide per injection point, rather than stoichiometric requirements. Fenton’s Reagent, a solution of iron 
catalyst and hydrogen peroxide, will be sequentially injected inlo the network of injection wells in the soil target 
zone. Through pressurized injection, the oxidant would be distributed throughout the contaminated zone to 
destroy the residual- and adsorbed-phase VOCs. It is estimated that approximalely 15 working days will be 
required to pertorm chemical injeclion into all the points. The estimated design parameters and system layout 
are: 

l Size of Target Remediation Area: 125 It by 64 I1 or 0.2 acres 

. Radius 01 Influence: 10 ft 

. Number of injeclion Points and Spacing: 70 points, 35 points screened in upper half of the 
treatment zone and 35 points screened in lower 
half. 

. Fenton’s Reagent Dose Rate and Concentration: 300 gals of reagent/point at 25 percent H,Oz 

l Hydrogen Peroxide Requirement. 105,000 totar pounds 

An initial injection would be followed by a polishing injection. A polishing injection would typically be required 
where conditions of subsurface heterogeneity cause non-uniform distribution of oxidant. This is likely the case 
at Site 4. Since ISCO is a relatively rapid treatment process, it is assumed that the site can be treated to PRGs 
wilhin one year using two injections to obtain the necessary treatment. The injeclion points would be left in the 
ground after the first treatment so as to be used for the second treatment {and any subsequent treatment until 
PRGs are met). 

2.9.3.3 Baseline and Post-injection Moniioring 

Effectiveness of the treatment would be monitored by collecting and analyzing soil samples from setected 
localions prior to and following the treatment. Sampling and analysis would be C@ndtJCled to track 
disappearance of chlorinated VOCs and other chemicals in soil for which PRGs have been estabilshed, to 
determine if additional applications are necessary. 

Follow-on sampling would be conducted j2 weeks after the initial injection. Field sampting eftorts to support 
the injection elfort would include testing soil moisture in approximately 19 lysimeters for the oxidant 
concentration using a field test kit. Approximately 20 soil samples will be collected for laboratory analysis of 
chlorinated VOCs, total organic carbon (TOC), COD, and pH. The data would be evaluated to determine if 
additional oxidant injection is necessary. The same soil sampling procedures would be implemented following 
the second injection to ensure remediation to the established average PRG. Remediation is assumed to be 
complete after one year. 

2.9.3.4 lnstit~tional Controls 

This remedial action would not require institutional controls to limit land use during remediation. The soil 
concentrations are all below direct-contact risk-based levels. The potential risk from the site soils is related to 
leaching to groundwater and subsequent use of the groundwater as a drinking water source. Institutional 
controls to restrict groundwater use are included in the alternatives evaluated for the Site 4 groundwater in 
Section 2.13. 

2.9.3.5 Reporting 

A closeout report would be generated to document the results of the ISCO treatment. Technical memoranda 
would also be generated to document the results of the out-year verification sampling rounds. It is assumed 
that a s-year report would not be required if the ISCO is successful within an estimated 1 year. If remediation 
requires more lhan 5 years, a 5-year report would be prepared. 
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2.9.4 Alternative 4-Excavation and Offsite Disposal 

ln this alternative, contaminated so11 from within the soil target remediation zone would be excavated to a 
depth where clean soil is encounlered and/or the lop of the groundwater table. The primary components are: 

l Excavation and stockpiling of clean soil 

I Excavation and disposal of contaminated soil 
0 Verification sampling 

l Backfilling with clean soil from onsite and offsite sources 

l Prepar-ation oi remediation completion report 

2.9.4.1 Excavation 

Approximately 13,700 cy of soil would be excavated lrom Site 4 to meet the desired clean up goal for this site. 
This includes 9,100 cy of clean soil that would be excavated and stockpiled to access Ihe contaminated soil 
and provide adequate slope stability, and 4,600 cy of soil contaminated with greater than 100 pgikg of TCE 
and/or 1 ,1,2,2-P&% This volume includes a 20 percent mixing factor. 

All non-contaminated soil (i e. soil with TCE and/or 1 ,1,2.2-PCA at a concentration ~100 Fg/kg) would be 
considered clean fill and stockpiled on site to be used as backfill. The clean sxcavaled soil would be placed on 
plastic sheeting and covered at the end of each work day to prevent it from becoming saturated due to 
substantial rain and/or snow events. The contaminated soil would be placed directly into trucks or stockpiled in 
a lined staging area and covered nightly and during substantial rain events throughout Ihe work day to prohibit 
the excavated soil from becoming saturated. The contaminated soil would be removed from the site and 
disposed into a non hazardous waste landfill by an approved hauler. 

2.9.4.2 Verificath Sampling 

Prior to backfilling aclivities approximately 30 soil samples would be collected from the bottom and sides of Ihe 
excavated area to confirm that the extent of excavation has met the PRGs. Confirmalion samples would be 
analyzed for VOCs only. 

2.9.4.3 Backfill Excavation 

Clean soil stored on site would be used to backfill the open pit. The soil would be laid in 2-ft lifts and 
compacted to prevent settling. It is estimated lhat approximately 4,200 cy of clean fill would be brought onsite 
to restore the excavaled area to its current elevation. 

2.9.4.4 Reporting 

A closeout report would be generated lo document the results of the excavation activities. It is assumed that a 
5year report would not be required if the excavation of contaminated soil is successful. 

2.9.5 Common Elements and Distinguishing Features of Each Soil Alternative 

The one significant element which is common to the three “action” alternatives is that hazardous substances 
would be removed from the site (through treatment or excavation) in a relatively short time (withtn 2 years). 
Therefore, none of these alternatives would require 5year site reviews if successful. 

The distinguishing fealure of Alternatives 3 is lhat contamination would be destroyed, whereas under 
Aiternative 2 it would be transferred to the air and under Alternative 4 it would be transferred to a landfill (and, 
to a certain extent, the air during excavation and transportation), 

2.9.6 Expected Outcomes of Each Soil Alternative 

Under Alternative l( contamination would continue to be released to the groundwater for 30 plus years 
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Alternatives 2, 3, and 4 would remove the source within between 6 months and 2 years. Because of the 
required infrastructure associated with Alternative 2 (SVE), the site would not be available for other uses for a 
projected 2 years. Alternatives 3 and 4 would also place short-term limitations on site use, but for only 
6 months to a year. 

2.10 SUMMARY OF COMPARATlVE ANALYSIS OF SOIL ALTERNATIVES 

The NCP outlines the approach for comparing remedial alternatives. Evaluation of the alternatives uses 
“threshold,” “primary balancing,” and “modifying” criteria. To be considered for remedy selection, an alternative 
must meet the Iwo following threshold criteria: 

1. Overall protection of human health and the environment 
2. Compliance with ARARs and T8C criteria 

The primary balancing criteria are then considered to determine which alternative provides the best 
combination ot attributes. The primary balancing criteria are: 

1. Long-term effectiveness and permanence 
2. Reduction in toxicity, mobility, or volume through treatment 
3. Implementability 
4. Short-term effectiveness 
5. cost 

A comparative evaluation for these 7 criteria was conducted in the OU-1 FS for the four remedial alternatives 
developed to address Site 4 soil. A summary of the evaluation is provided in Table 2-44 The cost information 
is repeated below for ease of comparison. The four alternalives were then ranked relative to each other and 
given a relative score. This ranking is provided in Table 2-45. 

Allernatjve 1 

Alternative 2 

Alternalive 3 

Alternative 4 

_ 

_ 
Capita! Cost O&M Cost 

SO $0-56.000 

$111,000 $75,000 (1 year) 

$308.000 $374,000 (1 year) 

$1,010,000 $0 

Net Present Worth 
-.- 

$20,000 

$313.000 

$736.000 

$1,070.000 

8ased on the criteria evaluation and ranking, Alternative 2 was identified as the preferred remedy and was 
presented to the State of Maryland and the public as such rn the Proposed Plan. Comments on the Proposed 
Plan are used as the basis for evaluating the selected remedy further against two modifying criteria: 

1. Acceptance by the State 
2. Acceptance by the community 

State Acceptance 

The Stale of Maryland has gone on record in the Proposed Plan as supporting the selection of Alternative 2 as 
the selected remedy for soil. 

Community Acceptance 

Based on comments expressed at the public meeting and received during the public comment period, the 
community generally agrees with the selected remedy for Site 4 soil, Alternative 2. Specific responses to 
public comments are in the Responsiveness Summary section of this ROD. 
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2.11 PRINCIPAL THREAT WASTES 

The NCP establishes an expectation that treatment will be used to address the principal lhreals posed by a 
site wherever practicable [40 CFR 300.43O(a)(l)(iii)(A}]. Principal threat wastes include non-aqueous phase 
liquids in the environment, drums of liquids containing Ihe COCs for Ihe site, and drummed non-liquid waste or 
so11 containing significant concentrations of highly toxic materials. Based on available information and on 
results of remedial investigations. Site 4 contains no principal threat wastes as defined by the NCP. 

2.12 SELECTED REMEDY FOR SOIL 

This section expands upon lhe details of the selected remedy for Site 4 soil. 

2.12.1 Summary of the Rationale for the Selected Remedy 

The selected remedy for Site 4 soil is Allernative 2, soil vapor extraction. Table 2-44 provides a summary of 
the resulls of the detailed analysis and it provides a numeric ranking of each criterion. A numeric value from 0 
to 5 was assigned to each qualitative assessment of the criteria Where significant uncertainty existed in the 
value of the ranking, a numeric range was provided to include the bracket of uncertainty. The values were 
added to arrive at a final total score for each alternative. Each criterion was assigned equal weight in the final 
score, The highest-ranking alternatives were Alternative 2 (Soil Vapor Extraction) and Alternative 3 (In-situ 
Chemical Oxidation). 

Alternative 2 was ranked slightly higher than Alternative 3 due to its relatively /ow to moderate cost and high 
ease of impiementability rating. Both are estimated to have equal likelihood of success to treat soil to PRGs 
and both have significanl uncertainties due to the ability do distribute air or chemical oxidant adeclualely 
throughout the subsurface. Alternative 3 scored slightly higher than Alternative 2 for reduction of toxicity, 
mobility, and volume of contamination and rernediaCon limeframe. Rernediation via ISCO (Alternative 3) 
destroys contaminants to harmless by-products while SVE (Aiternative 2) was scored lower because it will 
transfer the contaminants from one media (subsurface soil) to another (atmosphere). However, Ihe mass of 
contamination is very tow and not expected to adversely impact the environment. The present worth cost for 
ISCO is estimated to be more than twice the cost for SVE primarily due to the additional chemical injection 
wells that are necessary to distribute the oxidant throughout the target treatment zone and the addrtional 
chemicals needed to satisfy natural organic demand, over an above the contaminant concenlrations. 
Alternative 4 {excavation) ranks higher than ISCO and SVE for a number of criteria, the relatively poor scores 
for reduction in mobility toxicity and volume and especially the high cost make excavation a lower ranking 
alternative overall. 

2.12.2 Description of the Selected Remedy 

The selected remedy is Alternative 2 - Soil Vapor Extraction (SVE). SVE is an in-situ technology that involves 
extracting soil gas from the vadose zone to volatilize contaminanls in the soit. Ambient air will be pulled 
through the vadose zone and used lo flush the vadose zone. 

This will remove vapor-phase contaminants in the pore space and volatilize resiclual- and adsorbed-phase 
contaminants. The primaly components of this alternative are: 

. Installation of soil borings to detine treatment area and refine the design 

. installation of soil vapor extraction wells and blower system 
l Baseline and veritication soil and vapor sampling to monitor treatment efficiency 
l Preparation of a remediation completion report 

l Each of these components are discussed in detail below. 

2.12.2.7 lnslalla~ion of Additional Soil &brings 

One to two additional soil borings will be drilled lo bound the TRZ on the southeast side. So11 samples wrll be 
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collected continuously (at Z-foot intervals) from the surface to the waler table and screened In the field using a 
photoionization detector. Approximately live samptes will be selected from each boring for laboratory analysis 
for chlorinated VOCs. This data will also serve to define the baseline soil conditions upon which verification 
sampling data will be compared. The exact number and tocation of delineation borings and samples will be 
determined during Ihe design phase and approved by EPA and MDE. 

2.12.2.2 installation and Operation of Soil Vapor Exfraction Wells and Blower System 

Approximately 5 SVE wells will be installed within the Site 4 soil TRZ. A radius of influence of approximately 30 
ft is expected for each SVE welt based on site geology. The SVE wells wit1 be drilled using HSA drilling 
technrques and would be constructed of 4.inch PVC, with a 20-f! screen throughout the zone of the 
contamination from approximately 15 to 35 ft bgs. The lower interval will coincide with the top of the waler 
table. An SVE blower will be connected to the well network, A blower of 300 scfm and 90 inches of water 
vacuum capacity will be provided lo extract approximately 60 scfm of air-from each of the SVE wells. The SVE 
blower will be able to exlract soi1 gas at a rate sufficient to achieve five to 10 pore volume exchanges per day. 

The estimated design parameters and system layout for SVE are summarized below. The exact number and 
location of vapor extraction wells and other system parameters would be determined during the design phase. 

l Size of Target Remediation Zone - t25 it by 64 It or 0.2 acres 
4 Radius of Influence - 30 ft 
l Number of SVE Wells and Spacing - 5 wells spaced at 60 ft 
. Air Extraction Rate- 60 scfm per well 
l Blower Demand - 300 scfm at 90 inches of water vacuum 

Once the contaminants are stripped from the vadose zone. they will be discharged to the atmosphere where 
they would disperse. Emissions estimates show that the off-gas concentratjon of TCE would be more lhan an 
order of magnitude lower than the NIOSH PEL. Therefore, II was assumed that no off-gas treatment will be 
required. This will be confirmed during the design phase and monitored during operation. 

2.12.2.3 Baseline and Post-ireatmeni Monitoring 

Effectiveness of the treatment will be monitored by collecting and anatyzing soil samples from selected 
locations prior to and following the treatment. Sampling and analysis of the off-gas and the collection of so11 
screening samples will be conducted to track removal of chlorinated VOGs (specifically TCE) and other 
chemicals in soil for which PRGs have been established, to provide an indication if an endpoint has been 
reached and confirmatory samples should be collected. A system monitonng plan will be developed during the 
design phase and approved by EPA and MDE. 

At the apparent completion of the treatment, a comprehensive soil sampling program will be conducted to 
determine if the established average PRGs have been met. Approximately20 soil samples will be collected for 
laboratory analysis of chlorinated VOCs. 

The data will be evaluated to determine if additional aeration is necessary. Remediation was assumed to be 
complele after 2 years. A verification sampling and analysis plan will be developed during Ihe design phase 
and approved by EPA and MDE. 

2.72-2.4 Institutional Controls 

This remedial action would not require institutional controls to limit land use during remediation. The soil 
concentrations are all below direct-contact risk-based tevels. The potential risk from the site soils is related to 
leaching to groundwater and subsequent use of the groundwater as a drinking water source. lnslitutional 
controls to reslrict groundwater use are included in the selected remedy for the Site 4 groundwater in 
Section 2.16. 
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2.72.2.5 Reporting 

A closeout report will be generated to document the results of Ihe SVE treatment. Technical memoranda will 
also be generated to document the results of the out-year verification sampling rounds. 11 is assumed that a 5- 
year report will not be required if the SVE is successful within an estimated 2 years. If remediation requires 
more than 5 years, a 5-year report will be prepared. 

2. i2.2.6 Exit Strategy for Soil Vapor Extraction 

The selected remedy for soil at Site 4 includes an exit strategy that identifies performance criteria for helping 
to determine when it is appropriate to turn oif the SVE system and, it necessary, transition to another remedial 
technology. This exit stralegy is outlined in this section. 

The overall remedial action objective for soil at Site 4 is to eliminate the leaching of TCE and 1,1,2,2-PCA from 
the soil to the groundwater. This woutd ideally be measured by a lack of these chemicals in the groundwater 
above the MCL in wells screened in the acluifer below the soil Target Remedialion Zone (TAZ), such as well 
04GW301. An atternative method is to determine if the concentrations in Ihe TRZ soil have been reduced to 
model-generated soil PRGs that will be protective ot groundwater. As discussed in Section 2 8.2, these PRGs 
have been set as average soil concentrations of 35 pg/kg and 21 pg/kg respectivelyforTCE and 1 ,1,2.2-PCA, 
averaged across the 30-fool thickness of the unsaturated zone. 

Extensive soil sampling conducted as part of the RI and FS for OU-1 have resulted in an estimated TCE mass 
of 27 kg and a 1,1,2.2-PCA mass of 0.24 kg within Ihe 8,000 square-foot by 30-loot-deep layer of soil above 
the February 2003 water table. If the cleanup goals (PRGs) are met throughoutthe soil TRZ it would equate to 
a remaining contaminant mass in the soil of 0.4 kg of TCE and 0.06 kg of 1 ,I ,2,2-PCA This would be a 
removal rate of 98.5 percent for TCE and 75 percent for 1 ,1.2.2-PCA. Basing system shut-down on the 
removal 01 98.5 percent (26.6 kg ) of the TCE is not realistic, however, due to Ihe following factors: 

. The water table at the site varies significantly (by as much as 14 feet) and the February 2001 tevel was a 
historic low. Therefore some of the contaminated soil will not be accessible to the SVE and will be treated 
through the groundwater remedy (biologically). 

l Leaching of contamination via rainlatl infiltration, and degradation has, and will, continue to remove mass 
from the soil that wilt not be measured in the SVE off-gas. 

. It is neither technically feasrble nor cost effective to remove mass sorbed to the soil in some areas using 
SVE. 

Basing system shut-down on achieving groundwater PRGs in Ihe aquifer below the area is also not realistic 
because there may be other sources of groundwaler contamination below the water table, whjch would be 
addressed by the in-situ groundwater remedy (see Section 2.16.2). 

Because of these factors. SVE system shutdown (i.e.: exit strategy) will be based on performance objectives 
related to the technical limitations of the remedy, rather than solely achieving RAOs and groundwater or soil 
PRGs, The exbt strategy considers system optimization and contingencies for rebound in determining when 
system shutdown is warranted. The need for further active or passive treatment to meei RAOs and PRGs will 
then be evalualed based on the remaining soil or groundwater conditions. 

SVE System Performance Objectives- 

It has been well documented that VOC removal by SVE systetns decreases exponentiallywith time. So even 
though removal rates of 0.06 to 0.26 kg/day were observed during a pilot test (which would result in a cleanup 
time of less than 2 year) these rates would not hold throughout the operation of the system. The performance 
objectives for the Site 4 SVE system are: 

l Reduction in overall contaminant concentrations compared to baseline levels 
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l Asymptotic mass removal achieved after temporary shutdown periods (to evaluate rebound) and 
appropfiate system optimization. 

l Operation only as long as cost effective. The system will no longer be cost effective when operating costs 
per unit mass removed indicate that continued operation is not justified based on comparison to 
associated risk or alternative cleanup technologies. 

WE System Optimization- 

Steps to improve optimization of the system will be taken at various Intervals of operation based on an 
evaluation of mass removal rates and operating costs. Optimization will also be evaluated prior to the decision 
to shut the system down once performance objectives have been met. Optimization steps may include: 

l Shultjng down individual SVE wells 
. Increasing extraction rates 
l Cycling the operation of the SVE wells 
l Evaluating water levels and groundwater data to determine il leaching is occurring. 

WE System f&bound Contingency- 
Once the preliminary performance objectives have been met (i.e.: asymptotic mass removal even after system 
optimizatfon). A rebound evaluation will be conducted. The rebound evaluation wiil consist of putting Ihe 
system on standby for a period of approximately 5 months and allowing the soil gas/soil to equilibrate. The 
system wil! then be reslarted and off-gas concentrations will be measured. A rebound will be calculated using 
the following formula: 

Rebound = [log(Cr/Cf)]/[log(Co/Cf) 

Where: 

Co = the initial concenlration of TCE (at system startup) 

Ct = the final asymptotic concentration of TCE 

Cr = the concentration of a TCE after restart 5 months from system shut-down. 

A rebound ot 0.2 or less reflects a permanent reduction and confirmation that performance objectives have 
been met. Rebound will be calculated on a well-by-well basis. 

SVE System Shut-down Cunditions- 

The SVE system shall be shut down if any one of the following conditions are met: 

1) The performance objectives are met and rebound is acceptable 

2) Confirmation soil sampling indicates that the average soil concentrations 117 a given borehole are below the 
PIGS. 

3) Groundwater concentrations of TCE and 1 ,I ,2,2-PCA beneath the soil TRZ are reduced to groundwater 
PRGs with acceptable rebound (see groundwater exit strategy.). 

The specific sampling protocol used to collect the data to be evaluated when making these decisions will 
be outlined in the SVE system monitoring plan to be prepared as part of the remedial design process. The 
monitoring plan will be subject to review and approval by EPA and MDE. 
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2.7227 Soil Remecly Closeout Process 

The shut-down of the SVE system may not necessarily coincide with the achievement of site RAOs. (i.e., the 
SVE system may reach its performance objectives and still leave a continuing source of groundwater 
contamination in the soil.) In this case It may be necessary to implement additional active or passive {e.g., 
MNA) technologies until RAOs are met The achievement of RAOs and the final closeout of the soil portion of 
the site will be based on meeting one of the following two conditions: 

I. After the completion of the SVE system operation a representative number of solI samples will be 
cotlected to characterize the average concentration of TCE and 1 ,I ,2,2-PCA remaining in the soil. These 
data will be evaluated to determine if they are protective of groundwater using the methodology 
referenced in section 2.0.2. If the average concentrations are protective of groundwater the soil remedy 
will be considered complete. 

2. if the average soil concentrations are not protective of groundwater but the groundwater PRGs are met in 
the area beneath the soil TRZ, an evaluation of the available groundwater data will be conducted. If a 
preponderance of evidence indicates that it is unlikely that the groundwater can be recontaminated in the 
future by the remaining soit contamination, then the soil remedy will be considered complete. Data to be 
considered when making this decision will include: long-term chemical sampling data, historic and current 
water levels, rainfall data, continuing impacts of the in-situ biological groundwater remedy. 

The specific protocol used to collect and analyze the soil and groundwater data when making these decisions 
w11l be outlined in the long-term soil and groundwater monitoring plan to be prepared as part of the remedial 
design process. The monitoring plan will be subject to review and approval by EPA and MUE. 

2.13 DESCRIPTION OF ALTERNATIVES FOR GROUNDWATER 

Seven remedial alternatives were developed for the groundwater plume origrnating at Site 4. 

Alternative I: No Action 

Alternative 2: Institutional Controls (ICs) and Long-term Monitoring (LTM) wrth Continued Operation of the 
Existing Groundwater Extraction Systems 

Alternative 3: Monitored Natural Attenuation with ICs and LTM and Conlinued Operation of Portions of the 
Existing Groundwater Extraction System 

Alternative 4. /n-Situ Enhanced Reductive Dechlorination with KS and LTM and Continued Operatjon of 
the Existing Groundwater Extraction Systems 

Alternative 5: Air Sparging with ICs and LTM and Continued Operation of the Existing Groundwater 
Extraction Systems 

Afternative 6: Additional Groundwater Extraction and fx Situ Treatment with ICs and LTM and Continued 
Operation of the Existing Groundwater Extraction Systems 

Alternative 7: Mid-Plume Extraction System 

Alternative 7, which comprises groundwater extraction and piping to a new or existing @x-situ treatment 
system, is nol a stand-alone alternative, but rather can be included along with any other alternative (except 
Alternative 1) selected for the Site 4 groundwater plume. 

The following sections outline the components of each of the remedial alternatives to address the Site 4 
groundwater. 
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2.13.1 Alternative 1: No Action 

The no-action alternative is required by the NCP and serves as the baseline alternative for comparison 
purposes. All other remedial action alternatives are judged against the no-action alternative. Under this 
alternative, no controls or remedial technologies would be implemented. No additional work or monitoring 
would be performed. There would be no reduction in toxicity, mobility, or volume of the contaminants other 
than what woutd result from natural dispersion, dilulion, biodegradation, and other attenuating factors. Existing 
extraction and treatment systems would be shut down and mothbalfed and existing monitoring programs and 
would be discontinued. The site would be available for unrestricted use. 

CERCLA (Section 121 (c)), as amended by SARA (1986). requires that, even under the no-action alternative, 
the site be reviewed every 5 years since contamination in the groundwater would remain onsite. Reporting 
costs are minimal because il is assumed that this will be a small part of a larger 5-year report that addresses 
the entire OU-1 as well as other sites at White Oak. 

2.13.2 Alternative 2: Institutional Controls (KS) and Long-term Monitoring (LTM) with Continued 
Operation of the Existing Groundwater Extraction Systems 

The primary components of this alternative are: 

l Institutional controls on groundwaier access and use 
l Continued operation of lhe existing groundwater extraction and trealment systems 

l Long-term monitonng of the groundwater 

l Preparing annual and 5-year reports 

2.73.2.1 tnstitutionai Controls 

Institutional controls would be Implemented to meet the following LUC Objectives: 

l Ensure no withdrawal of groundwater for any purpose (including as dnnking water) trom within the 
restricted area shown on Figure 2-6 until the PRGs are met and risks from groundwater use are shown to 
be reduced to acceptable levels. 

l Ensure adequate protection to minimize potentially adverse health and environmental effects of work or 
development in the restricted area. 

. Ensure adequate protection to minimize physical disruption of any remedial equipment, such as 
monitoring wells, or remedial operations in the restricted area. 

l Ensure adequate notdicalion of pertinent use restrictions to current and future owners 

Institutional controls would be maintained until the concentrations of hazardous substances in the groundwater 
are at such levels as to allow for unrestricted use and exposure. 

The Navy is responsible for implemenling, inspecting, reporting, and enforcing the LUC Objectives in 
accordance with a LUC Remedial Design. The LUC Remedial Design would be developed during the design 
phase, submitted to EPA and MDE within 180 days of signature of this ROD, and would be subject to review 
and approval by the EPA and MDE. 

Atthough the Navy retains ultimate responsibility for meeting the LUC Objectives, the Navy may arrange, by 
contract or otherwise, for another party to carry out the LUC Remedial Design implementing actions. In 
addition, since the particular sites subject lo this ROD are presently under the jurisdiction of GSA, the Navy 
would work with GSA to ensure that the LUC Objectives are met in accordance with the LUG Remedial 
Design. 
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Should any LUC Remedial Design implementing action fail, or any LUC objective not be met, the Navy would 
ensure that appropriate actions are taken to reestablish the action and ensure compliance with the LUC 
Objectives. The Navy may initiate legal action against a third party to compel action and/or to recover the costs 
for remedying any LUC violation. 

2.13.2.2 Confinued Operalion of the Existing Groundwater Extraction and Treatment Syslems 

The exrsting extraction systems (the centrifuge extractlot? wells and the Site W Swale extraction trench) would 
continue to be operated to extract and treat groundwater until exit criteria are met in those specific areas of the 
ptume. The air stripper treating the discharge from the Army ALC Building 500 storm sewer system and under- 
drain would continue to be operated until it is determined that it is no longer needed to meet the surface water 
discharge requirements. The treatment-system monitoring requirements would be revisited during the design 
phase and documented in the O&M plan for the overall remediation system. 

2.13.2.3 Long-term Groundwafer Monitoring 

Under this alternative, groundwater monitoring would be performed at approximately22 wells every9 months 
to track contaminant concentrations within the Site 4 groundwaler plume. Groundwater monitoring on a 
g-month schedule allows collection of data in each of the four seasons. These data would be used during the 
5year reviews to determine the effectiveness of the controls. It was assumed thal22 welts would be sampled 
for VOCs, and a smaller number of these wells would also be sampled for explosives and perchlorate. 

2.13.2.4 ffepofting 

Reports would be prepared after each g-month sampling event thal would document the results of the 
sampling round. Since contamination will remain on site for a period longer than 5 years, 5-year reviews would 
be required. 

2.13.3 Alternative 3: Monitored Natural Attenuation with ICs and LTM and Continued Operation of 
Portions of Ihe Existing Groundwater Extraction System 

The primary components of lhis alternative are: 

l Long-term monitoring of groundwater contamination and natural attenuation parameters 

l Preparation of annual technical memoranda and 5-year MNA analysis reports 

l Provisions for Ihe selection of a contingency remedy in the event that MNA is shown to be ineffective 
. Continued operation of the existing groundwater extraction and treatment systems with the exception that 

the extraction wells near the centrifuge would be shut down 
4 Implementation of institutional controls until PRGs are met 

MNA, as defined in this alternative, would be selected in tandem with the remediation approaches discussed 
under alternatjves 4, 5, and 6 of this section for the Site 4 groundwater. because the active remediation 
identified in those alternatives would address only the defined Site 4 groundwater target remedialion zone. 
(i.e.: the highest levels of contamination detected downgradient of Site 4). This would be discussed further 
under each of those alternatives. The primary components of Atternative 3 are discussed in detail below. 

2.73.3. I Long-term Groundwater Monitoring 

Under this alternative, groundwater samples would be collected annually from a monitoring well network of 
approximately 22 wells. The monitoring wells in the MNA network would be sampled for all VOCs and a 
smaller number of wells would also be sampled for explosives and perchlorate. The groundwater also would 
be sampled for primary MNA indicating parameters: ferrous iron, sulfate, chloride, nit!-aate, alkalinity, methane. 
ethane, ethene, carbon dioxide, and total organic carbon. The following field parameters: dissolved oxygen, 
temperature, pH, conductivity, and redox potential also would be collected. 
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2.13.3.2 Ueporting 

Annual reports would be prepared for each year of monitoring. These reports would focus on data reporting 
and trend analysis rather than detailed MNA evaluation. A detailed MNA study would be performed after 4 
years to be induded as parI of the 5year review report, to confirm contaminant biodegradation rates, 
reevaluate the data collected, and document lines of evtdence for MNA. The 5-year review report would 
indicale whether NA is occurring at a rate sufficient to maintain control of the contaminant plume and degrade 
it to PRGs within a reasonable time frame or whether a contingency remedy should be implemented. Detailed 
reports would continue to be prepared every 5 years 

2.73.3.3 ConCingency Remedy 

A contingency remedy would be selected and implemented in the event that MNA is shown not to be an 
effective remedy at the end ot 5 years. Selection would be based on the most recent data available. The 
contingency remedy would be one of the other alternatives evaluated in this FS. A contingency remedy could 
be implemented belore the end of the 5 years of monitoring if interim results indicate that MNA is not going to 
be effective. 

2.13.3.4 Institutional Controls 

Institutional controls to prevent groundwater exposure irom the site would be the same as those included in 
Alternative 2. including preparation of a LUG remedial design document. These would remain in effect until 
groundwater PRGs are met and risks from groundwater are shown to be reduced to acceptable levels. 

2.13.3.5 Continued Operation of Some of the Existing Groundwater Extraclion and treatment 
Systems 

In order to maintain containment of the plume, and continue mass removal, the Site W Swale extraction trench 
and the groundwater-treatment systems associated with the extraction trench would be maintained until exit 
criteria are met in lhat area. The air stripper treating the discharge from the Army ALC Building 500 storm 
sewer system and under-drain would continue to be operated until it is determined that it is no longer needed 
to meet the surface water discharge requirements. The treatment-system monitoring requirements would be 
revisited during the design phase and documented in the O&M ptan for the overall remediation syslem. 

However, the extraction wells near the centrifuge would be shut down so that MNA would be the predominant 
remedial alternative for the majority ot the dissolved-phase plume south of Site 4. 

2.13.4 Alternative 4: In-Situ Enhanced Reductive Dechlorinalion with KS and LTM and Continued 
Operation of the Existing Groundwater Extraction Systems 

The primary components of this alternative are: 

. Installation of addltional wells to define treatment area and establish an optimum groundwater monitoring 
network 

. Installation of injection wells and injection of electron donor 
l Groundwater monitoring of baseline and post-injection conditions 
l Preparation of annual technical memoranda and 5-year report 
l Continued operation of the existing groundwater extraction and treatment systems 
l Long-term monitoring of the downgradient portions of the plume 
l Implementation of institutional controls until PRGs are met 

The enhanced reductive dechtorination (ERD) portion of this alternative would only be applied to the high 
levels of groundwater conlaminafion (i.e., those greater than 500 pg/L VOCs) identified as the Site 4 
groundwater larget remediation zone (TRZ) (see Figure 2-l 0). 
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The assumption is that the current remediat measures in place (i.e., the centrifuge extraction wells, the 
extraction trench, and the Building 500 underdrain) provide eftective remediation for most contamination 
further downgradient from this area and need not be replaced with ERO 

ICs and LTM such as described in Alternative 2 would he selected for the lower levels of contamination 
bypassing the centriiuge extraction wells to the east toward the Floral Drive stream and the groundwater 
downgradient of the extraction trench and Building 500 underdrain. 

In this alternative, the naturally occurring process of chemical decomposition under reducing conditjons would 
be enhanced through injection and distribution of an electron donor or co-substrates (food source) in the 
groundwater target remediation tone just downgradient of the Site 4 source area, to increase Ihe 
biodegradation rates of the contaminants by naturally occurring microorganisms. Injection of an electron donor 
material should result in creation of an anaerobic aquifer and the producGon of hydrogen. Reductive 
dechlorination by microbes present in the aquifer occurs, resulting in the removal of chlorine atoms from the 
chlorinated hydrocarbon contaminants The major components of this alternative are discussed below. 

2.13.4.1 Installation of Additional We/is 

A design phase investigation involving the installation of an estimated six temporary wells and five permanent 
monitoring wells would be conducted. The temporary wells would be used to more precisely define Ihe leading 
edge of contamination greater than 500 ItgIL; contamination within the dissolved-phase plume south of Site 4 
greater than this concentration would be considered the groundwater target remediation zone and would be 
addressed by this technology. The additional wells would provide information that could be used to avoid 
injecting electron donor in areas not needing treatment. The permanent wells would be installed in lower part 
of the saturated interval in the Coastal Plain deposits to provide adequate monitoring locations for evaluating 
the eftectiveness of ERD. 

2.73.4.2 Performance of a Pilot Test 

During the design phase a field-scale pilot test would be conducted. The electron donor would be injected into 
one or two wells and contaminant degradation and byproduct production will be tracked over time at 
surrounding monitoring points to determine the optimum donor and dose for full-scale application. 

2.13.43 Installation of injection Wells and lnjeclion of an Electron Donor 

The electron donor substrate is metabolized by naturally occurring microorganisms, resulting in the creation of 
anaerobic aquifer conditions and the produclion of hydrogen. The electron donor is typkally a tood-grade liquid 
thal can be injected under pressure into the saturated zone for plume remediation. 

The electron donor would be injected using injection we/Is in three curtain arrangements. arrayed 
perpendicular to the direction of groundwater flow and contaminant migration. With this configuration, 
contaminated groundwater would flow through the curtains and contact the injected material as the 
groundwater flows by. The treatment curtains would be installed just upgradient of the leading edge of the 
contamination (defined here as contamination greater lhan 500 lLg/L contour) and along two traverses 
between this curtain and Site 4. 

Injection wells would be drilled using a hollow stem auger rather-than using direct-push technology due to the 
cobbles/boulders present in the site soil. The re-usable injection wells would consist of 4-inch diameter 
Schedule 80 PVC pipe and would be screened across all 2.5 ft of the target zone. The lactate solution has an 
estimated radius of influence of 6 It to 10 ft under site conditions. Therefore, the final design of injection point 
locations would need to be closely spaced (i.e., on a 16-ft spacing). This alternative would require a large 
number of injection wells because the estimated width of the plume perpendicular to groundwater flow is about 
430 ft. Therefore, an estimated 81 injection points (27 points In each of the three traverses) would be required 
to allow for sufficient overlap of the injected material. 

2-37 



The aclual electron donor and dosage would be calculated in the remedial design process. Preliminary 
estimates are summarized here: 

l Radius ot influence: 6 ft lo 10 It 

l Length of each of the three injection curtains: 430 ft 
l lnjeclion well spacing and configuration: 27 wells spaced at 16 ft at each of three curtains 

. Length of injection interval: 25 It 

. Electron donor dose rate in pounds/well 1600 pounds Per WeI 
(assumes sodium lactale): 

l Materiat requirement: 130,000 pounds per injection event 

A remediation time of 0 years was calculated for the high levels of contamination in the groundwater target 
remediation zone. The time to remediation estimate for the remaining pltume downgradient oi Ihe groundwater 
target remediation zone is 45 years. However. a greater amount of contamination would be removed earlier on 
in the remediation process than with Alternatives 1, 2 or 3. The centrifuge extraction wells could be shut down 
in 45 years. 

2.13.4.4 Baseline and Post-injection Monitoring 

Bioremediation effectiveness would be monilored by collecting and analyzing groundwater samples from 
approximately 10 selected wells before and throughout the duration of the treatmenl. Sampling and analysis 
would be conducted to track Ihe disappearance of contaminants and byproduct generation, and the dispersion 
of the sodium lactate, to determine effectiveness and if additional applcations are necessary. 

The scope of each sampling event would include sampling the five new monitoring wells plus five other 
existing wells: two wlthin the zone of treatment and three downgradient. per event, with modifications as 
needed to better understand the effectiveness of the electron donor injection. Laboratory analysis of the initial 
sampling rounds would involve analysis of hydrogen and metabolic organic acids in addition to the parameters 
identified under Alternative 3. 

Baseline sampling would be conducted before the injection of the electron donor, then quarterly for the 
remainder of the first year, and then semrannually until PRGs are achieved. The sampling intervals have been 
chosen to represent durations after which the remediated groundwater would pass through the new monitoring 
wells immediately downgradient of the treatmenl curtain, based on the estimated groundwater linear velocity in 
this area. 

2.13.4.5 Reporting 

Semiannual result reporting would be performed for the first year and annual reporting would occur thereafter. 
These reports would focus on data reporting and trend analysis ralher than detailed ERD evaluation. A 
detailed ERD study woutd be performed after 4 years of data and included as part of the 5-year review report, 
to determine contaminant biodegradation rates, reevaluate the data collected, and evaluate the effectiveness 
of the remedy. 

2.13.4.6 Continued Operation of the Existing Groundwater Extraction and Treatment Systems 

The existing extraction systems (the centrifuge extraction wells and the Site W Swale extraction trench) would 
conlinue to be operated to extract and lreat groundwater until exit criteria are met in those specific areas of the 
plume. The air stripper treating the discharge from the Army ALC Building 500 storm sewer system and under- 
drain would continue to be operated until it is determined that it is no longer needed to meet the surface water 
discharge requirements. The treatment-system monitoring requirements would be revisited during the design 
phase and documented in the O&M plan tar the overall remedlation system. 
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2.13.4.7 Long-term Groundwater Monitoring 

Groundwater monitoring would be performed at approximately 22 wells every 9 months to track contamjnant 
concentrations within the Site 4 groundwater plume downgradient of the groundwater target remediation zone. 
Groundwater monitoring on a g-month schedule allows collectron of data in each ot the four seasons. These 
data would be used during the 5-year reviews lo determine the effectiveness of the controls It was assumed 
that 22 wells would be sampled for VOCs, and a smaller number of these welts would also be sampled for 
explosives and perchlorate. 

2.13.4.8 Insiifutionai Controls 

Institutional controls to prevent groundwater exposure from the site would be the same as those included in 
Aiternat{ve 2, including preparation of a LUC remedial design document. These would remain in effect until 
groundwater PRGs are met and risks from groundwater are shown to be reduced to acceptable levels. 

2.13.5 Alternative 5: Air Sparging with KS and LTM and Continued Operation of the Existing 
Groundwater Extraction Systems 

Air sparging is an in-situ technology that involves injecting ambient air into the groundwater target remediation 
zone lovolatilize dissolved, adsorbed, and residual contaminants. The primary components of this alternative 
are: 

. Installation of additional wells to define the treatment area and establish an optimum groundwater 
monitoring network 

. Instattation of air sparging wells 
l Groundwater monitoring of baseline and post-sparging conditions 
. Preparation of annual technical memoranda and 5-year report 
l Continued operation of the exisling groundwater extraction and treatment systems 
. Long-term monitoring of the downgradient portions of Ihe plume 
l Implementation of institutional controls until PRGs are met 

The air stripping portion of this alternative would only be applied to the hqh levels of groundwater 
contamination (i.e., those greater than 500 pg/L VOCs) identified as the Site 4 groundwatet TRZ (see Figure 
2-10). The assumption is that the current remedial measures in place (i.e., the centrifuge extraction wells, the 
extraction trench, and the Building 500 underdrain) provide effective remediation for most contamination 
further downgradient from this area and need not be replaced with air sparging. 

ICs and LTM such as described in Alternative 2 would be selected for the lower levels of contamination 
bypassing the centrifuge extraction wells to the east toward the Floral Drive stream and the groundwater 
downgradient of the extraction trench and Building 500 underdrain. Each of these components is discussed in 
detail below. 

2.13.5.1 installation of Additional Wells 

A design phase investigation invoiving the installation of an estimated six temporary wells and five permanent 
monitoring wells would be conducted. The temporary wells would be used to more precisely define the leading 
edge of contamination greater than 500 pg/L; conlamination within the dissolved-phase plume south of Site 4 
greater than this concentration would be considered the target remediation zone and woufd be addressed by 
this technology. The additional wells would provide information that could be used to avold conducting air 
sparging in areas not needing treatment. The permanent welfs would be installed in lower part of the saturated 
interval in the Coastal Plain deposits to provide adequate monitoring locations for evaluating the effectiveness 
of air sparging. 

2.13.5.2 Installation of Air Sparging Wells 

Approximately 51 air sparglng wells would be installed in three curtain arrangements (with 17 wells in each 
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curtain) oriented perpendicular to the groundwater flow and contaminant migration. With this configuration, 
contaminated groundwater would flow through the cullains and contact the injected air. The treatment curtains 
would be installed just upgradient of the leading edge of contaminatron (defined here as contamination greater 
than 500 pg/L) and along two traverses between this curtain and Site 4. 

A radius of intluence of approxirnalely 15 ft was assumed for each sparge we[l. based on site geology. The air 
sparging wells would be drilled using HSA and be constructed of 2-inch PVC, with a 2-ft screen in each well 
set at the base of the contaminalion from approximately 63 ft to 65 ft bgs. An air-sparging blower would be 
connected to each well network. Blowers of 500 scfm and 16 psjg capacity would be provided to inject 
approximately 30 scfm of air into each of the sparge wells. The estimated design parameters and system 
layout are specified below: 

. Radius of influence: 15 It 

l Length of injection curtain: 430 fl 

. injectjon well spacing and configuration: 17 wells spaced at 25 ft in each of three curtains 

l Air injeclion rate: 30 scfm per well 

l Blower demands: 500 scfm and 16 psig 

Once the contaminants are stripped from the saturated zone, [hey will enter the vadose zone. However, given 
the small amount of mass (90 pounds in the groundwaier and 108 pounds adsorbed on the soil below the 
water table), the fact that lateral dispersion will occur, and that the remediation will be occurring over several 
years, there is no need for an SVE system Installed above the air sparging system. 

A remediation time of 8 years was calculated for the high levels of contamination in Ihe groundwater target 
remediation zone. The time to remediation estimate for the remaining plume downgradient of the target 
remediation zone is 45 years. t-iowever, a greater amount of contamination would be removed earlier on in the 
remediation process than with Alternatives 1, 2 or 3. It is estimated that the centrifuge extraction wells could 
be shut down in 45 years. 

2.13.5.3 Baseline and post-injection Monitoring 

Groundwater sampling and analysis would be conducted to track the removal of chlorinated VOCs and other 
chemicats for which PRGs had been established. The scope of each sampling event would include sampling 
the tive new monitoring wells plus five other existing wells: two within the target remediation zone and three 
downgradient per event, with modilications as needed to better understand the effectiveness of air sparging. 

Baseline sampling would be conducted before the start of the air sparge system, quarterly for the remainder of 
the first year, and then semiannually until PRGs are achieved. The sampling intervals have been chosen to 
represent durations after which the remediated groundwater would pass through the monitoring wells based 
on the estimated groundwater linear velocity in this area. 

2.13.5.4 Reporting 

Semiannual result reporting would be performed for the first year and annual reporting would occur thereafter. 
These reports wourd focus on data reporting and trend analysis A detailed evaluation would be performed 
after 4 years of data are collecled and included as part of the 5-year review report, to evaluate the 
eliectiveness of the remedy. 

2.73.5.5 Continued Operation of the Existing Grouodwater Extraction and Treatment Systems 

The existing extraction systems (the centrifuge extraction wells and the Site W Swate extraction trench) would 
continue to be operated to extract and treat groundwater until exit criteria are met in those specific areas of the 
plume. The air stripper treating the discharge from the ArmyAK Building 500 storm sewer system and under- 
drain would continue to be operated until it is determined that it YS no longer needed to meet the surface water 

2-40 



discharge requirements. The treatment-system monitoring requirements would be revisited during the desiyn 
phase and documented in the O&M plan for the overall remediation system. 

2.73.5.6 Long-term Groundwater Monitoring 

Groundwaler monitoring would be performed at approximately 22 wells every 9 mortlhs to track contaminant 
concentrations within the Site 4 groundwater plume downgradient of the target remediation tone. Groundwater 
monitoring on a 9. month schedule allows collection of data in each 01 the four seasons. These data would be 
used during the 5-year reviews to determine the ellecliveness of Ihe controls. It was assumed that 22 weils 
would be sampled for VOCs, and a smaller number of these wells would also be sampled for explosives and 
Derchlorate. 

2.13.5.7 Instibtionai Controls 

Institutional controls to prevent groundwater exposure from the site would be the same as those included in 
Alternative 2, including preparation of a LUC remedial design document. These would remain in effect until 
groundwater PRGs are met and risks from groundwater are shown to be reduced to acceptable levels. 

2.13.6 Alternative 6: Additional Groundwater Extraction and Ex-SifuTreatmenl with ICs and LTM and 
Conlinued Operation of the Existing Groundwater Extraction Systems 

Alternative 6 involves installation of a groundwater extraction system south of Site 4 to achieve hydraulic 
control of the plume and mass removal within the Site 4 groundwater target remediation zone. The primary 
components of this alternative are: 

l Irislatlation, testing, and stariup of groundwater extraction wells 

l Construction of a groundwater conveyance and treatment system to treat the extracted water 

l lnslrumentatlon to monitor and record flow rates and notify maintenance personnel of malfunction 

l Discharge of the treated water to a surface water body 

l Annual operation and maintenance (O&M) to monitor performance and assure proper operation 

l Groundwater monitoring forcontaminantconcentwtions and hydraulic capture (including addition of a new 
monitoring well) 

l Preparation of annual technical memoranda and S-year report 

l Continued operation of the existing groundwater extraction and treatment systems 

. Long-term monitoring of the downgradient portions of the plume 

. Implementation of institutional controls until PRGs are met 

The new extraction and treatment portion of this afternative would only be applied to the high levels of 
groundwater conlaminalion (i.e., those greater than 500 pg/L VOCs) identified as the Site 4 groundwater TRZ 
(see Figure 2-10). The assumption is that the current remedial measures in place (i-e,, the centrifuge 
extraction wells, the extraction trench, and the Building 500 underdrain) provide effeclive remedialion for most 
contamination further downgradient from this area and need not be replaced or enhanced. 

ICs and LTM as described in Alternative 2 would be selected tar the lower levels of contamination bypassing 
the centrifuge extraction wells to the east toward the Floral Drive stream and the groundwater downgradient of 
the extraction trench and Building 500 underdrain. Each of these components is discussed in detail below. 

2.13.6.1 Installation of Groundwater Extraction Wells 

Groundwater extraction serves two purposes: 1) it allows for contaminant mass removal and 2) it can provide 
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hydraulic containment by altering the natural hydraulic gradient to prevent contaminated groundwater flow 
either horizontally or vertically. 

A network of between three and six groundwater wells, pumping a combined 9 gallons per minute (gpm), 
would be installed to control the groundwater in the Site 4 groundwater target remediation zone. In addition, 
between four and six piezometers would also be installed to monitor water levels around the extraction wells 
and determine if the necessary capture zones were being establrshed. It is assumed that these piezometers 
would be constructed identical to Z-inch monitoring wells. 

2.13.6.2 Groundwater Treatment System 

A total of approximately 9 gpm would be extracted and directed to a treatment system consisting of a filter, 
equalization tank, low-profile tray air stripper. and a discharge pump Calculations show that the potential for 
calcium carbonate scaling is very iow. Therefore. no additional pre-treatment besides equalizalion and filtration 
are anlicipated to be required. Preliminary calculations also show that no emissions control is necessary. The 
treatment system would be equipped with instrumentation to record flow rates and total flow, and to shut down 
the system and notify maintenance personnel in the event of malfunction. 

2.13.6.3 Discharge of Treated Wafer 

The treated water would be pumped to an appropriate nearby surface water stream, assumed to be the 
stream that flows along the east side of Isherwood Road, under a National Pollutant Discharge Elimination 
System (NPDES) permit. Discharge concentrations would have to meet the State ol Maryland surface water 
discharge requirements. 

2.73.6.4 Annual O&M and Target Remediation Zone Groundwater Moniioring 

The pumping time estimated to achieve PRGs in the Site 4 groundwater target remediation zone is 6 years. 
This assumes that any continuing source in the vadose zone soil at Site 4 (the Site 4 soil target remediation 
zone discussed in section 2.9) has been removed, the adsorbed phase contaminant concentrations are 
minimal, and there are no NAPLs in the subsurface. During this period, annual O&M and monitoring would be 
performed. 

In addition to mechanical system maintenance and checks, annual O&M would include sampling the 
discharge from each well and stripper inlluent and effluent monthly, and collecting water levels in the 
surrounding wells and piezometers monthly. 

Groundwater monitoring would include collecting groundwater samples for VOC and perchlorate analysis from 
a network of 6 wells on a quarterly basis for 1 year and then semiannually for the duration of the remediation: 
estimated at 6 years for the groundwater target remediation zone. 

2.13.6.5 Reporting 

A 5-year report would be prepared that documents the effectiveness of the treatment system and meets the 
requirements of CERCLA. Technicat memoranda would be prepared on a quarterly basis to report treatment 
performance. 

2.13.6.6 Continued Operation of ihe Existing Groundwater Extraction and Treatment Systems 

The existing extraction systems (the centrifuge extraction wells and Ihe Site W Swale extraction trench) would 
continue to be operated to extract and treat groundwater until exit criteria are met in ihose specific areas of the 
plume. The air stripper treating the discharge from the Army ALC Building 500 storm sewer system and under- 
drain would continue to be operated until It is determined that it is no longer needed to meet the surface waler 
discharge requirements. The treatment-system monitoring requirements would be revisited during the design 
phase and documented in the O&M plan for the overatl remediation system. 
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2.73.6.7 Long-term Groundwater Monitoring 

Groundwater monitoring would be performed at approximately 22 wells every9 months to track contaminant 
concentrations withln the Site 4 groundwater plume downgradient of the target remediation zone Groundwater 
monitoring on a g-month schedule allows collectjon of data in each of the four seasons. These data would be 
used during the S-year reviews to determine the effectiveness of the controls. It was assumed that 22 welts 
would be sampled for VOCs, and a smaller number 01 these welts would also be sampled for explosives and 
perchlorate. 

2.13.6.8 institutional Controk 

tnstitutronat controls to prevent groundwater exposure from the site would be the same as those included in 
Alternative 2, including preparalion 01 a t-UC remedial design document. These would remain in effect until 
groundwater PRGs are met and risks from groundwater are shown to be reduced to acceptable levels. 

2.13.7 Alternative 7: Mid-Plume Extraction System 

Alternative 7 involves installation of a groundwater extraction system between the current centrifuge extraction 
system and the southern edge of the groundwater targel remediation zone to achieve hydraulic control and 
mass removal of the plume across its entire width at this distance from the source. This alternative is not 
considered a stand-alone alternative, but rather an alternative that would be combined with one of the previous 
six. The primary components of this alternative are: 

. Installation, testing, and startup of groundwater extraction wells 

l Construction of a groundwater conveyance to treal the extracted water in the existing air stripper that 
serves the cenlrifuge extraction welt system and the Site W swale extraction trench 

. Instrumentalion to monitor and record flow rates and notify maintenance personnel of malfunction 

l Annual O&M lo monitor performance and assure proper operation of the wells 

l Groundwater monitoring for contaminant concentrations and hydraulic capture 

Each primary component is discussed below. 

2.13.7. I Installation of Groundwater Extraction Wells 

A network of six to eight groundwater wells, pumping at a total combined rate of 10 to 11 gpm would be 
installed to control the contaminated groundwater northof the centrifugeextraction system. This would reduce 
the clean up time for groundwater relative to the other six alternatives and contain contaminated groundwater 
that Ls moving toward the middle reaches of the Floral Drive stream and bypassing the existing centrifuge 
extraction well system. Specifically, the time to remediate the area between the southern edge of the TRZ and 
the centrifuge extraction wells would be reduced from 45 years to 20 years. The conceptual locations of Ihe 
wells are shown in Figure Z-10. 

In addition, four to six piezometers would also be instatled to monitor water levels around the extraction wells 
and determine if the necessary capture zones were being eslablished. It is assumed that these piezometers 
would be constructed identical to 2-inch monitoring wells. 

2.73.7.2 Groundwater Conveyance System 

The extracted water would be piped to an air stripper to remove volatile organic compounds. Based on historic 
groundwater data at the locations of the proposed extraction wells, all non-VOC contaminants in the 

groundwater extracted by these wells would be at concentrations below surface water discharge limits and 
would not require treatment to reduce concentrations. The treated water would be discharged to the surface 
water in the stream that runs along the east side of Isherwood Road. 
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2.13.7.3 Annual O&M and Groundwater Monitoring 

During the estimated ZO-year operation period, annual O&M and monitoring would be performed. In addition to 
mechanical system maintenance and checks, annual O&M would include sampling stripper inlluent and 
effluent and the discharge irom each well and collecting water levels in the surrounding wells and piezometers 
on a monthly basis. 

Groundwater moniloring would include collecting groundwater samples for VOC analysis from a network of 3 
wells on a quarterly basis for 1 year and then semiannually for the duration of the remediation (estimated at 20 
years). 

2.13.7.4 Reporting 

Preparation of technical memoranda and 5-year reports for the mid-plume extraction system would be 
included in those prepared for the existing extraction systems. 

2.13,8 Common Elements and Distinguishing Features of Each Allernative 

The one significant element which is common to all six alternatives is that hazardous substances would 
remain on site for some time at concentrations above those protective of unrestricted use. Therefore, all 
alternatives would require institutional controls. A distinguishing lealure of Alternatives 4.5 and 6 is Ihe use of 
active remediation to accelerate the removal of COCs from groundwater within the most contaminated part of 
the plume (the TRZ) and Ihe achievement of PRGs wtthin IO years. Further distinguishing features of 
Alternatives 4 and 5 is that the active remediation would occur in-situ. 

2.13.9 Expected Outcomes of Each Alternative 

Under Allernative 1, potential unacceptable risks to human health and the environmenl would continue 
indefinitely. 

Alternatives 2, 3, 4, 5, and 6 would be immediately protective of human health and the environment through 
the use of institutional controls to prevent groundwater use, and monitoring to ensure institutionalcontrols are 
addressing all contamination. Alternatives 4, 5, and 6 would also allow unrestricted groundwater use in 
portions of the plume within 10 years and for all of the plume in 45 years. Adding Alternative 7 to any of these 
three active remedies would allow unrestricted groundwater use for the entire plume in an estimated 20 years. 
The duration until unrestricted groundwater use would apply under Alternatives 2 and 3 is substanttatly longer. 

Since May 2002 there has been a substantial increase in djssolved TCE concentrations immediately below the 
Site 4 source area. This increase has coincided with, and may be due to near-record rainfall over the past 
24 months. This rainfall has resulted in increased infiltration through the contaminated soil in the source area 
and a substantial rise (over 14 feet) in the groundwater levels at the site. The infiltration and water level rise 
have both likely flushed TCE out of the subsurface soil and have submerged contaminated soil that was 
proposed to have been treated through SVE as dlscussed in section 2.12. 

2.14 SUMMARY OF COMPARATkVE ANALYSIS OF ALTERNATIVES 

The NCP outlines the approach for comparing remedial alternatives. Evaluation of the alternatives uses 
“threshofd,” “primary balancing,” and “modifying” criteria. To be considered for remedy selection, an alternative 
must meet the two following threshold criteria: 

1. Overall protection of human health and the environment 
2. Compliance with ARARs and T8C criteria 

The primary balancing criteria are then considered to determine which alternative provides the best 
combination of attributes. The primary balancing criteria are: 

2-44 



3. Long-term effectiveness and permanence 
4. Reduction in toxicity, mobility, or volume through treatment 
5. lmplemenlabilily 
6. Short-term effectiveness 
7. Cost 

A comparative evaluation for these 7 criteria was conducted in the OU-1 FS for the seven remedial 
alternatives developed to address Site 4 groundwater. A summary of the evaluation is provided in Table Z-46. 
The cost information is repeated below for ease of comparison. The seven alternatives were then ranked 
relative to each other and given a r&live score. This ranking is provided in Table 2-47. 

Allernative 1 

Aitemative 2 

Alternative 3 

Alleroative 4 

Allernative 5 

Alternative 6 

Alternative 7 

---._ 
Capital Cost 
._._____ 

$l4.000 

$25,000 

$25,000 

$540,000 

$630,000 

$578,000 

$200,000 

O&M Cost Net Present Worth 

$6,000 $34,000 

$85,000 $1,570,000 

$84,000 $1,550,000 

$80,000-$280,000 $2,aoo,ooo 

$60,000-$200,000 $2,800.000 

$80,000-$220,000 $2,400,000 

$SO.OOO-$60,000 $400,000 

Based on the criteria evaluation and ranking, the combination of Alternatives 6 and 7 was identified as the 
preferred remedy and was presented to the State of Maryland and the public as such in the Proposed Plan. 
Comments on the Proposed Plan are used as the basis tar evaluating the selected remedy further against two 
modifying criteria: 

I. Acceptance by the State 
2. Acceptance by the community 

State Acceptance 

The State of Maryland has gone on record in the Proposed Plan as supporting the combination of Alternatives 
6 and 7 as the preferred remedy for Site 4 groundwater. 

Communily Acceptance 

8ased on comments expressed at the public meeting and received during the public comment period, the 
community generally agreed with the preferred remedy for groundwater with one exception. 

This exception, together with new groundwater data collected since March 2003 (see section 2.5.3.3) and 
recent Navy guidance strongly discouraging the use of groundwaterextraction and treatment, has resulted in a 
clifference between the prelerred remedy as described in the Proposed Plan and the selected remedy as 
described below. The selected remedy relies on in-situ bioremediation similar to that described in Alternative 4 
of the FS, but expanded to include biological treatment ot the groundwater at the source area. Specific 
responses to public comments are in the Responsiveness Summary section of this ROD. 

2.15 PRINCIPAL THREAT WASTES 

The NCP establishes an expectation that treatment will be used to address the principal threats posed by a 
site wherever practicable [40 CFR 300.430(a)(l)(iii)(A)]. Principal threat wastes include non-aqueous phase 
liquids in the environment, drums of liquids containing the COCs for the site, and drummed non-liquid waste or 
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so11 containing significant concentrations of highly toxic materials. Based on available information and on 
results of remedial investigations, Site 4 contains no principal threat wastes as defined by Ihe NCP. 

2.16 SELECTED REMEDY 

This section expands upon the details of the selected remedy for Site 4 groundwater. 

2.16.1 Summary of the Rationale for Ihe Selected Remedy 

The selected remedy for Site 4 groundwater is in-sifu enhanced reductive dechlorination, institulional controls 
and long-term monitoring combined with the continued operation of the existing groundwater extraction and 
treatment syslem. The selected remedy consists of an approach similar to that outlined in Alternalive 4 from 
the FS expanded to biologically treat the groundwater within the source area and Ihe groundwater in the 
vicinity of the mid-plume extraction system defined in Alternative 7 (as necessary). 

Table 2-47 provides a summary of the results of Ihe detailed analysis and a numeric ranking of each 
alternative. A numeric value from 0 to 5 was assigned to each qualitative assessment oi the criteria. Where 
significant uncertainty existed in the value of the ranking, a numeric range was provided to include the bracket 
of uncertainty. The values were added to arrive at a final tolal score for each alternative. Each criterion was 
assigned equal weight in determining the final score. Note that Alternative 7 was not ranked because it is not a 
stand-alone alternative and can be included with the selected alternative for non-source groundwater. The 
highest-ranking alternatives were: 

l Alternative 6 with Alternative 7- Groundwater Extraction and Ex S&Treatment with ICs and LTM and the 
Mid-plume Extraction System 

l AlternatIve 4 with Alternative 7 -Enhanced Reductive Dechlorinalion with ICs and LTM and the Mid-ptume 
Extraction System 

Alternatives 4 and 6 scored the same lor protection of human health and the environment; compliance with 
ARARs; long-term effectiveness and permanence; reduction in toxicity, mobility, or volume, short-term 
eflectiveness; and implementabitity. The two alternatives differed only in cost, with groundwater extraction and 
treatment being the less expensive of the two. Clean-up time using Alternative 6 is expected to be on the order 
of 6 years for the target remediation zone, whereas the clean-up time for Ihe target remediation zone under 
Alternative 4 is expected to be on the order of 10 years. The cleanup of the overall plume under both 
alternatives is expected to take 20 years. 

Alternative 5 (air sparging) had a similar cost to Alternative 4 but did not score as well for compliance with 
ARARs because of its likely inability to effectively meet clean up goals for 1,1.2,2-PCA. Alternative 3 (MNA) 
had a wide range in overall score because of the uncertainty with its effectiveness. 

The FS concludes that Alternative 7, when combined with either Alternative 4,5, or 6, would reduce the time of 
remediation for the portion of the plume that bypasses the existing extraction systems from 41 years to 16 
years. It would also reduce the overatl time to cleanup the area between the southern end of the target 
remediation zone and the centrifuge extraction system from 45 years to about 20 years. 

Since the time that this ranking was conduded in the FS, several events have occurred lhat have increased 
the overall benefits of Alternative 4 and decreased the attractiveness of Alternative 6 and 7. 

. In April 2004 the Navy finalized groundwater remediation guidance that strongly discouraged the use of 
groundwater extraction and treatment as a final remedy. The guidance was based on site experience that 
shows thal this technology very rarely achieves clean-up goals and almost always results in significant 
increases in treatment duration and cost accompanied by serious treatment inefficiencies. 

. A more detailed look at remediation costs in 2004 indicated that costs for ex-situ groundwater treatment 
(Alternatives 6 and 7) would likely be greater than that Indicated in the fS because of the need to treat for 
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iron in the water. At the same time It was determined that in-situ bioremediation costs would likely be less 
than lhat indicated In the FS because market pressures have reduced the price of the various substrates 
typically used for in-situ bioremediation. 

l The resulls of several sampling events conducted at Site 4 in 2003 have shown that there has been a 
substantial increase in dissolved TCE concentrations immediately below the Site 4 source area. This 
increase has coincided with, and may be due to near-record ralnfall over the past 24 months. This rainfall 
has resulted in increased infiltration through the contamtnated soil in the source area and a subslantial 
rise in the groundwater levels at the site ol over 14 feet. The inlillralion and water tevel rise have both 
likely flushed TCE out of the subsurface soil and have submerged contaminated soil that was proposed to 
have been treated through SVE as discussed in section 2.12. 

l As a result of these recent events and findings, the Navy and EPA have determined that in-si/uenhancecl 
reductive dechlorinalion, wilh institutional conlrols and long-term monitoring combined with the continued 
operation of the existing groundwater extraction ancl treatment system would be the most effective 
alternative for treating the groundwater at Site 4. 

An initial evaluation of MNA (I.e.: natural reductive dechlorination) at Site 4 was conducted in the OU-1 RI. The 
high concentration 01 ethene in the groundwaler beneath Site 4. as well as low dissolved oxygen (DO) and 
oxidalion/reduclion potential (ORP). indicate that reductive dechlor-ination is happening in the area but that iI is 
severely limited by lack of a carbon source. Providing a carbon source, such as that proposed in the selected 
remedy, should significantly increase the rate of dechlorinalion at the site and, together with soil remediation 
via SVE and downgradienl groundwater remedialion via continued operation of the existing extraction and 
treatment system, should clean-up the plume in a manner that is as timely and cost effective as possible. 

2.162 Description of the Selected Remedy 

The primary components of the selecled remedy are: 

l Installation of injection wells and injection of electron donor at the former Site 4 disposal pits 

l Installation of injection wells and injeclion of electron donor in the areas of higher concentrations of TCE in 
the downgradient portion of the Site 4 plume between the former Site 4 disposal pits and the centrifuge 
extractjon wells. 

l Continued operation of existing groundwater extraction wells and trench and associaled treatment system 

. Long-term monitoring of the in-sifu reductive dechlorination area, existing extraction system areas and 
downgradient portions of the plume 

l Preparation of annual technical memoranda and 5-year reports 

l Implementation of institutional controls until PRGs are met 

2.16.2.1 installation of Injection We/is and injection of Electron Donor in the Source Area 

The electron donor, is metabolized by naturally occurring microorganisms, resulting in the creation of 
anaerobic aquifer conditions and the production of hydrogen. The eleclron donor is typically a food-grade liquid 
lhat can be injected under pressure into the saluraled zone for plume remediation. 

The electron donor substrate will be injected using injection wetls rn the groundwater directly beneath the area 
of the former Site 4 djsposal pits. This area is approximately 175 feet by 80 feet. Injeclion wells will be used 
because the site geology (which contains an abundance of boulders) precludes direct push technology. The 
electron donor substrate is assumed to have an estimated radius of influence of 6 to 10 feet under site 
conditions, therefore, the injection wells will be spaced at 16 feet. The re-usable injection wells will consist of 2 
to 4-inch diameter, Schedule 40 PVC pipe with a 15-foot screened interval. The wells will be 55 feet deep on 
average in order to allow delivery of the electron donor throughout the depth of the saturated zone. The 
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electron donor chemical will be mixed into a slurry and using a pressurized pumping system, pumped into 
each injection well. The pressure of the injection would depend upon the head loss within the formation. The 
exact number and location of injection wells and the eloc?ron donor type and injection dosages will be 
calculated in the basis of design and the remedial action work plan and will be approved by EPA and MDE. It 
is likely that multiple injections of the electron donor substrate wiil be needed. 

2.16.2.2 Installation of Injection Wells and Injection of Electron Donor in the Downgradient Portions 
of the Plume 

Biological treatment barriers will be established at key locations in the plume between the source area and the 
existing centrifuge extraction wells to degrade the TCE and 1 ,I ,2,2-PCA. Each barrier will consist of a line of 
injection wells constructed perpendicular lo the direction of groundwater flow (See Figure2-11). Treatment will 
focus on the areas of greatest contamination (greater than 100 to 500 pg/L). It is expected that if the higher 
levels are treated, it will cut off the source to the areas of lower concenlration. It is anticipated that the barriers 
will be installed in a phased approach so that Ihe most effective approach can be determined before the entire 
system is installed, The number of barriers needed will be determined based on the initial results. The exact 
number and location of injection wells, the details of the phased approach, and the type and dosage of the 
etectron donor, will be calculated in the basis of design and the remedial action work plan and will be approved 
by EPA and MDE. 

2-16.2.3 Continued Operation of the Existing Groundwater Extraction and Treatment Systems 

The existing extraction systems (the cenlrifuge extraction wells and the Site W Swale extraction trench) will 
continue to be operated lo extract and treat groundwater until exit criteria are met in Ihose specific areas of the 
plume. The air stripper treating the discharge from the Army ALC Building 500 storm sewer system and under- 
drain will continue to be operated until it is determined that it is no longer needed to meet the surface water 
discharge requirements. The treatment-syslem monitoring requirements will be revisited during the design 
phase and documented in the O&M plan for the overall remedjation system. 

2.16.2.4 Long-term Groundwater Monitoring 

Varrous groundwater monitoring programs would take place throughout the plume area to meet several 
moniloring needs. 

First, the effectiveness of in-situ enhanced reductive dechlorination will be monitored by collecting and 
analyzing groundwater samples from selected wells (approximalety 8) prior to, and throughout the duration of, 
the treatment. The number of wells may be increased as the treatment system is expanded. Sampling and 
analysis will be conducted lotrack removal of contaminants and byproduct generation, and the dispersion of 
the electron donor, to determine the remedies effectiveness and if additional electron donorappljcations are 
necessary. 

During each sampling event, the groundwater will be sampled for VOCs, perchlorate (where appropriate) and 
the primary reductive dechlorination indicator parameters including dissolved manganese and iron, 
sulfate/sulfide, chloride, nitrate/nitrite, ethane, ethene, methane. Field parameters such as DO, temperature, 
pH, conductivity, and ORP will also be collected. Laboratory analysis of the initial sampling rounds will involve 
analysis of additional parameters, particularly metabolic organic acids, to track the degradation of the electron 
donor. 

Baseline sampling will be conducted prior to the injection 01 the electron donor, quarterly for the next year. and 
then semiannually until PRGs are achieved. Field sampling efforts may be conducted more frequently for 
parameters such as DO and ORP. The frequency of sampling events may be adjusted based on the results of 
the early sampling events. Locations of sampling points are estimated to be as follows: one upgradient. three 
at the source area, and four downgradient. A sampling and analysis plan for in-situ enhanced reductive 
dechlorination will be developed during the work plan and will be submitted to EPA and MDE for approval. 
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Groundwater monitoring also will be performed at approximately 22 wells every 9 months to track contaminant 
concentrations wilhin the Site 4 groundwater plume within and downgradient of the target remediation zone. 
Groundwater monitoring on a S-month schedule allows collection of data in each of the four seasons. These 
data will be used during the 5-year reviews to determine the eifectiveness of the controls. It was assumed that 
22 wells will be sampled for WCs, and a smaller number of these wells will also be sampiec! for exptosives 
and perchlorate. A sampling and analysis plan for the plume will be developed during the design phase and 
approved by EPA and MDE. 

2.16.2.5 Reporting 

A 5-year report will be prepared that documents the effectiveness of the treatment system and meets the 
requirements of CERCLA, Technical memoranda will be prepared on a quarterly basis to report groundwater 
extraction and trealment system performance, and every third quarter to present g-month plume sampling 
data to the BCT. Separate technical memoranda will be prepared after each sampling round related to the in- 
situ bioremediation area. 

2.16.2.6 Institutional Controls 

InstItutional controls will be implemented to meet the foliowing LUC Objectives: 

l Ensure no withdrawal 01 groundwater for any purpose (including as drinking water) from within the 
restricted area shown on Figure 2-6 until the PRGs are met and risks from groundwater use are shown to 
be reduced to acceptable levels. 

l Ensure adequate protection to minimize potentially adverse health and envjronmental effects of work or 
development in the restricted area. 

l Ensure adequate protection to minimize physical disruption of any remedial equipment, such as 
monitoring wells, or remedial operations in the restricted area. 

l Ensure adequate notification of pertinent use restrictions to current and future owners. 

Institutional controls will be maintained until the concentrations of hazardous substances in the groundwater 
are at such levels as to allow for unrestricted use and exposure. 

The Navy is responsible for tmplementing, inspecting, reporting! and enforcing the LUC Objectives in 
accordance with a LUC Remedial Design. The LUC Remedial Design will be developed during the design 
phase, submitted to EPA and MDE within 180 days of signature of this ROD, and will be subject to review and 
approval by the EPA and MDE. 

Although the Navy retains ultimate responsibility for meeting the L?IC Objectives, the Navy may arrange, by 
contract or otherwise, for another party to carry out the LUC Remedial Design implementing actions. In 
addition, since the particular sites subject to this ROD are presently under the jurisdiction of GSA, the Navy will 
work with GSA to ensure that the LUC Objectives are met in accordance with the LUC Remedial Design. 

Should any LUC Remedial Design implementing action faii or any LUC objective not be met. the Navy will 
ensure that appropriate actions are taken to reestablish the action and ensure compliance with the LUC 
Objectives. The Navy may initiate legal action against a third party to compel action and/or to recover the costs 
for remedying any LUC violation. 

2.16.2.7 Exit Strategy for Centrifuge Area Grounciwater Extraction System 

The selected remedy for groundwater at Site 4 includes an exit strategy that identifies performance objectives 
for helping to determine when it is appropriate to turn olf the centrifuge extraction wells and treatment system 
and transition to a less aggressive approach such as MNA and LTM. 
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Once the area of high concentrations in the plume upgradient of the centrifuge extraction wells is cleaned up 
or cut off from the portton of the plume being contained by the extraction wells, the concentrations of COCs in 
the extracted water are expected to decrease. However, if groundwater extraction is the only process 
removing contaminant mass, concentralions will likely decrease to a certain value and then level off. The 
asymptotic concentration will depend on several factors such as the contaminant’s equilibrium concentrations 
partitioned between the aquifer soiJ and the water, the heterogeneity in the aquifer soil, etc. It is unlikely that 
the asymptotic concentrations achieved in the groundwater WIII be below the PRGs established for all COCs. 
The achievement of an asymptotic concentration is an indication that the groundwater extraction and 
treatment system may no lunger be cost effeclive. or may nol have Ihe technical capability of meeting PRGs in 
Ihe aquifer. 

It is also possible that, once the source area and plume is treated. and the enhancement of in-silu enhanced 
reductive dechlorination becomes established in the aquifer, the data will show that biological activity Ls 
remediating the aquifer at a rate that will make the extraction system unnecessary: i.e.: that remediation wilt 
occur in a similar lime frame even if the extraction system is turned off. 

This ROD establishes a set of performance objectives to help determine when it is appropriate to turn off the 
centrifuge extraction wells. Performance objectives are different from RAOs. RAOs are Ihe overall objectives 
of the remedial action, while performance objectives are based on the practical technical llmitations of the 
various components of 1he remedy, and 8re used to identify decision poinls and transitions for the remedial 
action. The establishment of performance objectives and the transitions in the remedial action approach Ihat 
they lrigger is referred to as the exjt strategy. 

Centrifuge Area Groundwater Extraction and Treatment System Performance Objectives- 

Performance objectives established for the centrifuge area groundwater extraction system are: 

l Asymplolrc COC levels in the extraction wells and selec! monitoring wells upgradient of the extraction 
system, achieved after temporary shutdown periods (to evaluate rebound) and appropriate system 
optimization. 

. Evidence that natural attenuation (NA) will effectively remediate the plume within an acceptable time 
frame. 

l The operation of the extraction (and treatment) system is no longer cost effeclive, based on a comparison 
of the operating costs per unit mass removed to Ihe associated risk or to alternative cleanup technologies 
including MNA, or enhanced in-situ bioremediation. 

All three of these performance objectives will be monitored during the operation of the remedial actiorl. 
Meeting one or more of these performance criteria to the satisfaction each of Ihe Navy, EPA, and MDE will be 
considered adequate evidence for considering disconlinuing groundwater extraction and transitioning to a 
more appropriate technology. 

To determine if perlormance objectives are met, concentrations of COCs in the extraction wells, and in 
upgradient monitoring wells, will be monitored to determine if these concentration approach asymptotic levels. 

Select wells upgradient of the extraction wells will also be monitored for NA parameters to evaluate if, once the 
Site 4 source is cut off or remediated, NA or enhanced bioremediation would be the appropriate remedy and 
would be more cost effective than continued groundwater extraction. 

The exit strategy considers system optimization and contingencies for rebound in determining when system 
shutdown and transition to other technologies is warranted. The need for further active or passive treatment to 
meet RAOs will then be evaluated based on the remaining groundwater conditions and associated risk. 

The specific sampling protocol used to collect the data to be evaluated when making these decisions wili be 

2-50 



outlined in the Site 4 groundwater long-term monitoring plan to be prepared as part of the remedial design 
process. The monitoring plan wiil be subject to review and approval by EPA and MDE. 

Groundwater Extraction and Treatment System Optimization- 

Steps io improve optimization of the groundwater extraction system wilt be taken at various intervals ot 
operation based on an evaluation of capture, mass removal rates and operating costs. Optrmization will a/so 
be evaluated prior lo the decision to shut Ihe system down once performance objectives have been met. 
Optimization steps may inctude: 

l Shutting down individual extraction wells 

l Cyclic operation of weils 

Groundwater Extraction and Treatment System Rebound Contingency- 

Once the preliminary pertormance objectives have been met (i.e.: asymptotic mass removal even after system 
optimization has been achieved and/or evidence of the effectiveness of MNA or enhanced bioremedialion is 
found) a rebound evaluation will be conducted. The rebound evaluation will consist of putting the system on 
standby for a minimum period of 1 year. During that time, data will be collected in support 01 the next step in 
the treatment tram (LTM, MNA, enhanced bioremediation). Appropriate data collected after one year will be 
used to determine whether rebound is occurring using the tollowing formula. 

Rebound = [log{Cr/Cf)]/[log(Co/Cf) 

Where: 

Co = Ihe initial concentration of a COG (at system startup) 

Cf = the final asymptotic concentration of a COC 

Cr = the concentration of a COC after 1 year of system shut-down. 

A rebound of 0.2 or less reflects a permanent reduction and confirmation that performance objectives for 
groundwater extraction and treatment have been met. 

A decision to turn off permanently all or portions of the centriluge area extraction system will be made by Ihe 
Navy with consent and written approval of EPA and MDE. Any decision to permanently turn off the centrifuge 
area extraction system wjll be documented in a technical report and will also be addressed during subsequent 
5-year reviews. 

2.16.2.8 Exit Strategy for Building 502 StormwakMGroundwater Treatment System 

The 8uilding 502 air stripper treats storm water and groundwater that is collected passively in the storm sewer 
system and underdrain of the Building 500 complex. Because the Building 500 underdraln will continually 
discharge water to the system, this exit strategy pertarns to the continued use of the air stripper to reduce VOC 
concentrations only. 

Operation of the Building 502 air stripper may be discontinued and the water collected in the system may be 
discharged directly to the storm water outfall when it is determined that the combined ILCR associated with the 
VOCs in the influent waler is below 1 x10‘” and the HI for a given target organ is less than 1, based on site- 
specific exposure parameters for the receiving outfalI/surface water body. The data used to evaluate whether 
the risks and hazards are below the acceptable limits will be the maximum influent concentration to the 
Building 502 air stripper collected over the most recent 12 month period. Influent samples currently are and 
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will continue to be collected and analyzed quarterly; however, if the air stripper is shut down samples will then 
be collected and analyzed on an annual basis for a period of five years. These data wiil be evaluated by the 
BCT. Assuming concentrations are stilt below acceptable human health risk-based levels for surface water, 
monitoring will be discontinued. 

A decision totum off permanently all or portions of the Building 502 stormwaler/groundwatertrealment system 
will be made by the Navy with consent and written approval of EPA and MDE. Any decision to permanently 
turn off the Building 502 stormwater/groundwater treatment system will be documented in a technical report 
and will also be addressed during subsequent 5-year reviews. 

2.16.2.9 Exit Strategy for Site W Swale Groundwater Extraction Trench and Treatment System 

The Site W Swale extraction trench is a passive, gravity-operated extraction system. The extracted water IS 
treated in the same air stripper as the water extracted by the centrifuge area extraction wells. While the 
centrifuge area wells supply approximately 6 gpm of groundwater with relatively high (and consistent) 
concentrations of VOCs to the stripper, the trench collects approximately 17 gpm of water with low (and 
continually decreasing) concentrations of VOCs. Therefore, il is likely that the groundwater from the centrifuge 
extraction wells will continue to require treatment (see section 2.16.2.7) tong alter the need to treat the water 
from the trench has ceased. Significant savings in operating costs can be realized by discontinuing the 
treatment of water collected in the Site W Swale trench once concentrations have receded to an acceptable 
level. As such, this exit strategy presents a rationale for the discharge of water collected in the trench directly 
to surface water without treatment for VOCs in the air stripper. 

The water collected in the Site W Swate extraction trench will be able to be discharged directryto the surface 
water (the stream that currenlly receives the effluent from the Site W Swale air stripper) when it is shown that 
the combined ILCR associated with the VOCs in the groundwater collected by the trench is below 1 xl 0’” and 
the HI for a given target organ is less than 1, based on site-specific exposure parameters for the receiving 
surface water body. The data used lo evaluate whether the risks and hazards are below the acceptable limits 
will be the maximum concentration found in monitoring wells located immediately upgradient of the exlraction 
trench (well C-08) collected over the last four sampling events. Well data had been collected quarterly through 
2004 and is now collected annually. If the Sile W Swale extraction trench is shut down samples will continue to 
be collected and analyzed on an annual basis from wells C-08 and either 46GW210 or 46GW 124 for a period 
of five years. These data will be evaluated by the 8CT. Assuming concentrations are slill below acceptable 
human health risk-based levels for surface water, monitoring will be discontinued. The Site W Swale air 
stripper will continue to be operated to treat water from the centrifuge area extraction wells until the criteria in 
Section 2.16.2.7 are met. 

A decision to turn off permanently all or portions of the Site W swale groundwater exlraction trench and 
treatment system will be made by the Navywith consent and written approval of EPA and MDE. Any decision 
to permanently turn off the Site W swale groundwater extraction trench and treatment system will be 
documented in a technical report and will also be addressed during subsequent 5-year reviews. 

2.17 STATUTORY DETERMINATIONS FOR SOIL AND GROUNDWATER REMEDIES 

The selected remedies for both soil and groundwaler satisfy the statutory requirements of Section 121 of 
CERCLA, 42 U.S.C. Section 9621. Under CERCLA, remedial actions sites must achieve proteclion of human 
health and the environment, comply with federal and state ARARs, be cost effective, and utilize permanent 
solutions and alternative treatment technologies or resource recovery technologies to the maximum extent 
practicable. In addilion, remedies that employ treatment that permanently and significantly reduces the 
volume, toxicity, or mobility of hazardous wastes as a principal element are preferred. The foltowjng discussion 
addresses how these statutory requirements and preferences are met by the selected remedies. 
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2.17.1 Protection of Human Health and the Environment 

The selected remedies for both soil and groundwater will be protective of human health and the environment. 
Institutional controls will minimize the risk of direct exposure to the contaminated groundwater until 
concentrations of COCs have been reduced to PftGs. There are no short-term threats associated with the 
selected remedies that cannot be readily controlled. In addition, no adverse cross-media impacts are expected 
from the selecled remedies. Monitoring will ensure that the selected remedies are effective, that the source in 
the soil is removed and that the plume of COGS is not expanding or unexpectedly increasing in concentration. 

2.17.2 Compliance with ARARs 

The selected remedies will comply with all location-, chemical- and action-specific ARARs. The ARARs 
analysis is summarized in Appendix B. 

2.17.3 Cost Effectiveness 

In the Navy and EPA’s judgment, the selected remedies are cost effective and represent reasonable value for 
the money to be spent. In making this determination, the following definition was used (40 CFR 
300.430(f)( l)(L)(D)): “A remedy shall be cost-effective if ils costs are proportional to its overall effectiveness.” 
The Navy and EPA made this determination by evaluating the “overall protectiveness” of the selected remedy, 
which satisfied the threshold criteria (Le., it was both protective of human health and the environment and 
complies with ARARs). Overall effectiveness was evaluated by assessing three of the five balancing criteria in 
combination (long-term effectiveness and permanence; reduction in toxicity, mobility, or volume through 
treatment; and short-term effectiveness). Overall effectiveness was then compared to costs to determine cost 
effectiveness. The relationship of the overall effectiveness of the selected remedies was determined to be 
proportional to its costs: therefore, the selected remedies represent a reasonable value for the money to be 
spent. 

The estimated net present worth (NPW) of the selected remedy for soil is $313,000. This is one-hall to one- 
third the price of each of the other two active remedies evaluated. It was also the least costly remedy 
developed that was capable of meeting the RAOs. 

The estimated NPW of the selected remedy for groundwater is $2,750,000 over 30 years. This is slightly less 
than other active remedies based on post FS information, and approximately twice as much as passive 
remedies such as rnstltutional controls with long-term monitoring. 

2.17.4 Utilization of Permanent Solutions and Alternative Treatment (or Resource Recovery) 
Technologies to the Maximum Extent Practicable 

The Navy and EPA, with MDE concurrence, have determined that the selected remedies represent the 
maximum extent to which permanent solutions and treatment technologies can be utilized in a practicable 
manner at the site. The Navy and EPA have determined that the selected remedies provide the best balance 
of trade-offs in terms of the five balancing criteria. The Navy and EPA also considered the statutory preference 
for treatment as a principal element, the bias against off-site treatment and disposal, and state and community 
acceptance. 

2.17.5 Preference for Treatment as a Principal Element 

The selected remedies for both soil and groundwater satisfy the stalutory preference lor treatment as a 
principal element, employing soil vapor extraction for soil and both the enhancement of in-situ natural 
biological processes and groundwater extraction and treatment to contain and remediate the groundwater 
plume. 
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2.17.6 Five-Year Review Requirements 

Because the selected remedy for groundwaler will result in hazardous substances, poWutants, or contaminants 
remaining on site above levels that allow for unlimited use and unrestricted exposure for an estimated 20 
years, a statutory review will be conducted within 5 years after initiation of remedial action to ensure that the 
remedy is, or will be, protective of human health and Ihe environment, and every five years thereafter. 

2.18 DOCUMENTATION OF SfGNlFlCANT CHANGES 

The Proposed Plan for Site 4 soil and groundwater at the former NSWC-While Oak, Silver Spring, Maryland 
was released for public comment on June 24,2003. The Proposed Plan identified soil vapor extraction as the 
preferred alternative for soil. The Navy reviewed all comments received during the public comment period. It 
was determined that no significant changes lo the soil remedy, as originally identified in the Proposed Plan. 
were necessary or appropriate. 

The Proposed Plan identified groundwater extraction and treatment with institutional controls and monitoring 
as the preferred alternative for groundwater. The Navy reviewed al1 comments received during the public 
comment period as well as grOundWater data that continue to be collected from the site as parlol Ihe interim 
monitoring program. Based on public comment (see Section 3 of this ROD) and the other issues discussed 
below, the remedy selecled by this ROD differs from the preferred remedy that had been identified in the 
Proposed Plan. The selected remedy was one of the alternatives presented to the public in the Proposed Plan 
(Allernative 4). 

In April 2004 the Navy finalized groundwater remediation guidance that strongly discouraged the use of 
groundwater extraction and treatment as a final remedy. The guidance was based on site experience thal 
shows that this technology very rarely achieves clean-up goals and almost always results in significant 
increases in treatment duration and cost accompanied by serious treatment inefficiencres. 

A more detailed look at remediation costs in 2004 indicated that costs for ex-situ groundwater treatment 
(Alternatives 6 and 7) would likely be greater than that indicated in the FS because of the need to treat for 
iron in the water. At the same time it was determined that in-&u enhanced reductive dechlorination cosls 
would likely be less than that indicated in the FS because recent market pressures have reduced the price 
of the various substrates typically used for m-situ enhanced reductive dechlorination. 

The results of several sampling events conducted at Site 4 in 2003 have shown that there has been a 
substantial increase in dissolved TCE concentrations immediately below the Site 4 source area, This 
increase has coincided with, and may be due to near-record rainfall over the past 24 monlhs. This rainfall 
has resulted in increased inlillration through the contaminated soil in the source area and a substantial 
rise in the groundwater levels at the site of over 14 feet. The infiltration and water level rise have both 
likely flushed TCE out of the subsurface soil and have submerged contaminated soil that was proposed to 
have been treated through SVE as discussed in section 2.12. 

As a result of public comment and these recent events and findings, the Navy and EPA have determined that 
in-situ enhanced reductive dechlorination, with institutional controls and long-term monitoring combined with 
the continued operation of the existing groundwater extraction and treatment system would be the most 
effective alternative for treating the groundwater at Site 4. 
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3.0 RESPONSIVENESS SUMMARY 

3.1 OVERVIEW 

This Responsiveness Summary provides a summary of comments received during the public comment period 
for Site 4 groundwater and soil, along with responses to lhose comments. The pubtic comment period tar the 
proposed remedy for Site 4 groundwater and soil began on June 24, 2003 and ended on July 24, 2003. A 
public meeting was held on July 8, 2003 at the Sheraton College Park In Beltsville. Maryland to describe the 
proposed remedy and lo solicit and accept either written comments or verbal comments. This 
Responsiveness Summary was prepared in accordance with guidance in “Community Relations in Superfund: 
A Handbook” (Oilice 01 Solid Waste and Emergency Response (OSWER) Directive 9320.38, January 19921. 

3.2 BACKGROUND ON COMMUNITY INVOLVEMENT 

The Navy has had a comprehensive community relations program for NSWC-White Oak since research 
activities commenced at the Base. Recent commuoily relations aclivities have been conducted in accordance 
with the NSWC-White Oak Community Relations Plan, originally developed in 1991 and revised in 1998.2000, 
and 2003. These activities have included regular technical and Restoration Advisory Board (RAB) meetings 
with local officials and residents, the distribution of fact sheets, site tours for the community, the establishment 
of the information repository at the local library, and Ihe development of a web-page for the dissemination of 
information to the White Oak communily. 

The Navy organized a Technical Review Committee (TRC) in 1989 to review and discuss the NSWC-White 
Oak environmental issues with local community officials and concerned cilizens. The TRC was reorganized 
into the RAB in 1995. The RAB consists of representatives of the Navy, EPA, MDE, the Prince George’s 
County Health Department, Maryland-National Park and Planning Commission, and members of the 
community. The RAB has met frequently since its inception and now meets quarterly. The RAB has been 
assisting in the planning and review of environmental investigation, remedial alternative evaluation, and 
remedialjon activities. The Remedial Investigation, Feasibilily Study, and Proposed Plan for Site 4 
groundwater and soil were discussed at the RAB meetings. 

RAB meeting minutes and reports presenting the findings of the investigations are maintained at the local 
information repository. The repository is located ai the Montgomery County Public Library, White Oak Branch, 
located at 11701 New Hampshire Avenue, Silver Spring, Maryland. The Adminislratlve Record for NSWC- 
White Oak is located at NAVFAC Washington, 1314 Harwood Street, S.E. Washington Navy Yard, District of 
Cotumbia. 

Communily relations activities for the final selected remedy include the items below: 

l The documents concerning the investigation and analysis of Site 4 groundwater and soil were presented 
at the RAB meetings and copies were provided to RAB members for review, discussion, and comment. 

4 The documents concerning the investigation and analysis of Site 4 groundwater and soil, as well as copies 
of the Feasibility Study and Proposed Plan, were placed in the information repository. 

. The Navy mailed copies of the Proposed Plan to members of the RAB. 

4 Newspaper announcements on the availability of documents and the public meeting and comment period 
were published in the Washington Post, i3urtonsvilie Gazetie, College Park Gazette, and Silver Spring 
Gazette during the week prior to the beginning of the public comment period. 

l The Navy established a 30-day public comment period For this Proposed Plan starting June 24.2003 and 
ending July 24, 2003. 

l A public meeting was held on July 8, 2003 to present the Proposed Plan and to answer questions 
concerning Site 4 groundwater and soil 
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3.3 SUMMARY OF COMMENTS RECEIVED DURING THE PUBLIC COMMENT PERIOD AND 
NAVYRESPONSES 

Questions were received during the information session held on July 8, 2003. Two other formal comments 
were received during the public comment period. A summary of the questions and responses provided are 
provided below. A copy of the transcrrpt of the open discussion portion of the public information session is 
provided in Appendix C. 

The Navy and the EPA have taken the comments received during the public comment period into 
consideration and continue to believe that soil vapor extraction adequately and appropriately addresses Site 4 
soii in a cost-effective and responsible manner. 

Based on the public comments, recent site data and Navy guidance, the Navy and the EPA have revised the 
preferred remedy for Site 4 groundwater that had been presented in the Proposed Plan, as described in 
Sectton 2.18 above. The Navy and EPA believe that this revised remedy: in-situ enhanced reductive 
dechlorination, with institutional controls and long-term monitoring combined with the continued operation of 
the existing groundwater extraction and treatment system, adequately and appropriately addresses Site 4 
groundwater in a cost-effective and responsible manner. 

Comments received during the June 24 - Juty 24,2003 public comment period (and responses) 

Comment 1: The presentation says that risks were evaluated for White Oak residents, but does not mention 
risks to people who live in Adelphi, which is the community south of Site 4 where the contamination is. 

Response 1: The term “White Oak residents and tenants” (in the presentatron), refers to people who may live 
or work on the former NSWC White Oak in the future (i.e.: the property currently owned by GSA or the Army). 
It does not refer to the residents of the town of White Oak. Current and future risks have been evaluated for 
people living outside of the boundaries of the government property (such as Adelphi). These people are 
referred to as “the surrounding community” in the presentation There are no current unacceptable risks from 
site contaminants to people living in the surrounding community. 

Comment 2: The RI states that Paint Branch is a natural boundary. However there are people living within 
this contaminated area between the former NSWC White Oak and Parnt Branch. It’s beenciearlyestablished 
that two former residential wells are contaminated. There is also contamination in two small creeks located on 
private property. So there is risk to the community. 

Response 2: It is recognized jn the Operable Unit (OU)-1 Ri (a public document) that several private 
propertres are located within the natural boundaries of the groundwater plume in OU-1, and that it is known or 
is possibte that the groundwater and surface water conlain site-related contaminants. For that reason 
extensive sampkng was conducted at represenlative “worst-case” points where exposure of humans and/or 
animals and plants to contaminants might be possible. Areas that have been sampled extensively include the 
two wells and the two creeks mentioned in Comment 2, along with Paint Branch and the stream that runs 
along the east side of Floral Drive and the eastern boundary of the government property (referred to as the 
Floral Drive stream). In addition to extensive sampling, detailed human health and ecological risk 
assessments were conducted to evaluate risk tram exposure to surface water and sediment present in each 
of these streams. The results of the sampling and risk assessments concluded that although low levels of site- 
related chemicals were detected in the surface water in some of these streams and in the groundwater 
underlying small portions of some 01 the private properties, the concentrations found do not present an 
unacceptable risk to any of the receptors evaluated. 

Risks from groundwater exposure at the two referenced residential wells were evaluated and found to be 
acceptable, because there is in fact no exposure. The two residenls are currently serviced by the public water 
supply and, as a result, the wells were abandoned In accordance with County requirements. 
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Comment 3: The commenter noted that he had not been aware that contamination extended to cer-tain areas 
at the site. Have the owners of all affected properties been notified of the potential for contamination on their 
propertIes? 

Response 3: This comment is addressed by the response to Comment 15 below. 

Comment 4: The seep that feeds the creek on the Paint Branch Home was 200 parts per billion (of TCE) for a 
tong time. That’s way above EPA standard of 50 parts per billion. 

Response 4: The standard that is being applied to the surface waler in the stream is a risk-based 
concentration based on a site-specific exposure scenario, and not the federal drinking water standard of 5 
parts per billion (ppb) (which is what we believe the author of the comment is referring to). For example the 
risk assessment performed on the surface water in the stream on the Paint Branch Home property, (which 
stream is only a foot or two wide and several inches deep), assumed a worst-case exposure of a 33-pound 
child playing in the stream for 2.6 hours per day, 52 days per year, throughout their childhood. Each day the 
bare skin of their hands, feet, and lower legs were assumed to be exposed to the water for 2.6 hours and lhat 
they ingested 7 ounces of the water- daily. Under this scenario, 200 ppb does not represent an unacceptable 
risk based on the criteria used by EPA under CERCLA. No unacceptable risk means that the rtsk of 
developing cancer from this exposure would be less that 1 in 1 ,OOO,OOO, and that there would be no risk of any 
non-cancer illnesses. 

Additionally, the 200 ppb refeiencsd is a maximum TCE concentration detected several years ago at the point 
that the groundwater seep reaches the ground surface. Concentrations of TCE in samples collected during the 
same period, 50 feet turther down the stream, were only 10 ppb. 

Furthermore, the Navy took action in 1998 to prevent further off-site migration of contamination in groundwater 
in this area by constructing a groundwater extraction trench as an interim measure approximately 200 feet 
upgradient of the seep. The surface water at the seep has been sampled regularly since the trench was 
installed and quarterly since January 2001, TCE concentrations at the seep have been below 35 ppb for the 
last six quarters. Concenlrations in all other sampled points in this stream since January 2001 have ranged 
from 0.1 to 2 ppb. 

Comment 5: Has the Navy checked to see if there are other wells in the area? 

Response 5: Yes. While there are other supply wells in the area, none are located within the boundary of 
Operable Unit 1, Any supply wefls located across Paint 8ranch from OU-1 woufd not be impacted by Site 4 
because the groundwater is intercepted by Paint Branch. 

Comment 6: Will the groundwater contamination affect the city water? 

Response 6: No. The public water line to the residential properties between the government property and 
Paint Branch property (which was constructed in 2001) was designed and installed with the consideration that, 
where the water line is situated below the groundwater table, the surrounding groundwater may contain low 
concentrations of TCE and 1 ,1,2,2-PCA (5 to IO ppb). As a result it was constructed of material (pipe and 
joints) that are compatible with (resistant to} these contaminants and will not allow them to enter into the waler 
line. There are no other public water lines located below the water table within the area lhat is or may be 
impacted by Me-related contamination. 

Comment 7: The rusk assessment may show that there is no risk at this moment to offsite residents, but there 
has been risk in the past and that’s not indicated in this presentation at all 

Response 7: None of the data collected at the site, over the course of many years, suggested that there was 
an unacceptable risk posed to offsite residents. Moreover, the purpose of the proposed plan and the preferred 
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remedy is to address the current and possible future conditions, and to present what’s proposed to mitigate 
risks caused or potentially caused by those conditions Whether or not there were risks associated with the 
contamination in the past is beyond the scope of the Navy’s current work at the site. 

Comments 8, 9, 12 and 14, along with the responses, reflect that the preferred remedy for groundwater at the 
time was pump and treat. The selected remedy is in-si/uenhanced reductive dechlorination, with institutional 
controls and long-term monitoring combined with the continrred operation of the existing groundwater 
extraction and treatment system. 

Comment 8: Can you clarify how the groundwater trealment system will work, specifically how Ihe 
contaminants will be removed and how it wiil be monitored’? How would you know what types of contaminants 
are placed in the air? 

Response 8- The extracted groundwater will be run through an air stripper. The lype of air stripper to be used 
is a countercurrent stripper, which is one of the most common (and acceptable) forms of Lrealment forvolatile 
organic compounds such as TCE and 1 ,I ,2,2-PCA. Contaminated water enters the stripper from the top and 
trickles down through a series of perforated trays while air is blown upward. The contaminants. which prefer 
to be in the vapor phase under atmospheric conditions, readily transfer to the air. 

The water flowing into and out of the stripper would be sampled and analyzed on a regular basis (to be 
determined and approved by EPA and the State of Maryland). The water exiting the stripper would meet the 
conditions established in the ROD. 

The concentration of VOCs vented to Ihe atmosphere would be catculated by assuming that ail of the TCE, 
1 ,I ,2,2-PCA, and other organic compounds entering the stripper rn the water are removed and transferred to 
the air. The air discharges would be compared to allowable limils. If the VOC concentration in the untreated 
groundwater indicates that the air emissions limits will be exceeded, then treatment will be required for the air 
discharging from the stripper. Treatment could consist of passing the air through an activated carbon filter 
prior to discharge to the atmosphere. The conceptual design calculations indicate that air treatment will not be 
necessary. 

Comment 9: Would discharges from the air stripper to the air be continually monitored, or how would ihey be 
monitored? 

Response 9: The need for treatment 01 air discharges from the stripper would be frequenlly evaluated by 
monitoring the VOC concentration in the water entering the stripper. If, as part of the design of the treatment 
system, it was determined that ait treatment was needed, control/treatment equipmenl will be added and air 
monitoring would be performed on a regular basis (i.e., monthly, quarterly), in conjunction with the monitoring 
of the air stripper operation. The timeframe lor monitoring would be approved by EPA and the State of 
Maryland. 

Comment IO: You’re talking about a goal of 22 years to clean up of the plume. Does that refer to both the 
groundwater and surface water? 

Response 10: The 22-year cleanup period refers to the groundwater and reflects treatment in the area of the 
contaminant plume with the slowest groundwater fiow. 

Cleanup times for the surface water have not been calculated because none of the chemical concentrations 
found in any of the surface waler bodies exceeds levels thal represent unacceptabte risks and, therefore the 
surface water does not require remediation. 

Nevertheless, it is appropriate to conclude that when groundwater concentratjons have been reduced to the 
established cleanup goals (which are based on residential drinking water standards) the concentrations in the 
receiving streams will also be below these drinking waler standards; there is no significant lag time 
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Comment 11: Is any of the contaminated groundwater plume hitting the main stem of Paint Branch or is it all 
going off into the tributary streams? And are any of these discharges to streams off the former NSWC White 
Oak. 

Response 11: No volatile organic compounds, or explosives compounds have been detected in Paint Branch 
during any round of sampling, however. TCE has been detected at concentralions of 1 to 2 ppb in monitoring 
wells within 20 feet of Paint Branch. The Building 500 outfall and the Site W swale stream are the only 2 
surface water bodies where TCE has been cletected. 

Comment 12: Will the operation of the air strippers be monitored continually? 

Response 12: The two air strippers that are in place are equipped with a cellular-phone based autodialer 
system. If a part of the system malfunctions, a phone call is made automatically to a responsible person who 
will address the problem. The new air slripper will be equipped with a similar system. 

Comment 13: When was (the current autodialer system) installed? 

Response 13: The cellular-phone based autodialer system was installed in 2002. Prior to that, a land-based 
telephone system served the same function. A switch was made to cellular technology because the land- 
based system was not atways dependable 

Comment 14: When will we have information as to how the new system will actually be monitored or are you 
definite that it wit1 be on the phone system as well? 

Response 14: A cellular phone system will be incorporated into the new air slripper’s performance monitoring 
system. Specifics on the performance monitoring program will be developed in a long-term monitoring plan lo 
be developed in consultation with, and approved by. USEFA and MDE This plan will be made available in the 
information repository for public review and discussed with the White Oak RAB. 

Written Questions and Comments Received During the 30-day Public Comment Period (June 24 
through July 24,2003) 

Comment 15: As indicated by Navy maps and discussion at the meeting, the olf base contamination has 
reached properties on Pleasant Acres Drive and Powder Mill Road. The Navy admitted that they have not 
notified these property owners of the contamination on their properties. I find this decision to keep the citizens 
uninformed about contamination of their property deplorable, unethical, and even criminal. The citizens and 
neighbors need to know the truth. They should have been informed of this situation years ago. This indicates 
negligence on the part of the Navy. The Navy must be required to inform these property owners of all types of 
contamination, all testing dates and all levels of contamination that have been found on their property. The 
contamination testing should have been intensive in this area since at least 1996. 

I also find statements such as creeks being “natural boundaries of conlamination” to be extremely misleading. 
Some creeks that are contaminated by these sites are in fact “natural carriers’ of contamination to off base 
civilian properties. 

I find your lack of complete djsctosure of off base contamination to be quite alarming. There needs to be a 
completely new section added to the document presented at the public meeting, and a new public meeting. 
This section should include a detailed, accurate and complete disclosure of all contaminated off base civilian 
properties. The off base contamination is a serious issue that needs to be addressed by the Navy. 

If the Navy continues to refuse to inform the neighbors and cibzens about their contaminated properties, I will 
take whatever means t feet necessary to inform these citizens of this serious situation. ff the Navy does not 
take the necessary action to remedy this situation by August 15, 2003, as a concerned citizen, neighbor, and 
founder of Paint Branch Citizen Association, I will inform the property owners. 
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Response 15: The map in question (which shows the estimated extent of the TCE contaminant plume 
extending off-site onto portions of several private properties before discharging into the Floral Drive stream) 
appears in the Operable Unit (OU) 1 Ri. the OU-1 FS, and the proposed plan for Site 4. These documents and 
the findings discussed therein have been discussed at regularly scheduled RAB meetings and are available 
for review by the public at the information repositories, the locations which have been advertised in the local 
papers. Further, the Navy has collected groundwater samples on several of these properties (with owners’ 
consent) which show that groundwater from the government property does not flow beyond Ihe Floral Drive 
stream. The Navy has also collected surface water and sediment samples (with properly owner consent) from 
the Floral Drive stream where it llows through private property. 

White the groundwater sampling was conducted to verrfy the assumption that the stream(s) were natural 
boundaries for groundwater flow, the extensive stream sampling was also conducted to determine if the 
streams surrounding the government property were “natural carriers of contamination” as the above comment 
alleges. 

As stated in the response to comment 2. the surface water and sediment samples collected from all of the 
streams in question were evaluated in an EPA-approved risk assessment. While low concentrations of some 
site-related chemicals have been detected in several surface waler samptes, the assessments conclude that 
there are no unacceptable risks to humans or animals from chemicals in any of the streams. 

Cammenl 16: Perchlorate was identified as a potential contaminant of concern (PCOC) as part of the risk 
assessment for groundwater at Site 4. However, in the feasibility study for Sile 4, perchlorate was excluded as 
a contaminant of concern (COC) and subsequently, it was not part of the remedial alternative seleclion 
process. Perchlorate is a contaminant of great inlerest to many public health agencies. In 1999, EPA’s Office 
of Research and Deveiopment issued an Interim Assessment Guidance for Perchlorate. The guidance states 
“if state or local environmental authorjties decide to pursue site-specific clean-up or other water management 
decisions based on this provisional RfD [reference dose for perchlorate] range by applying the standard 
default body weight (70 kg) and waler consumption level (2 L/day), the resulting provisional clean-up levels or 
action levels would range from 4-18 parts per billion (ppb).” In a January 22, 2003 memo from Marjanne 
Lamont Horinko. Assistant Administrator for the Office of Solid Waste and Emergency Response at EPA, the 
1999 guidance was affirmed with the added suggestion “to carefully consider the low end of the prov%ional4- 
16 ppb range.” Additionally, the State of Maryland recently issued a perchlorate advisory for levels at 1 ppb or 
greater in drinking water. 

The EPA and Maryland Department of the Environment should consider perchlorate a contaminant of concern 
and follow the 1999 Guidance and 2003 suggestion in its selection of a remedial alternative for the Site 4 
groundwater. Since virtually every other decision regarding remediation of contamination at White Oak has 
been based on drinking water standards, the assessment of remedial alternatives should include 
consideration of human health risks of Site 4 groundwater as a drinking water source. The Assistant Depuly 
Under Secretary of Defense for the Environment, John Paul Woodley, Jr, recently issued interim Guidance on 
Perchlorate Activities. The guidance recognizes that the results of a study being conducted by the National 
Academy of Science “will likely lead to the development of an oral reference dose (RfD) for perchlorate. Once 
established, the RfD can be used for conducting risk assessments for environmental restoration purposes and 
for setting a Federal drinking water standard (i.e., maximum contaminant level under the Safe Drinking Water 
Act).” Given this recognition by the Department of Defense that a drinking water standard may soon exist for 
petchlorate, the selection of a remedial alternative for Site 4 groundwater should include consideration of 
perchlorate as a COC. It may prove difficult and costly to retrofit a remedial system in the future if perchlorate 
is not considered and unnecessary releases of perchlorate to other ecosystetns would occur. 

The proposed plan for Sile 4 indicates that the preferred alternative would include discharge of treated 
groundwater to a surface water body; at the July 8, 2002 public meeting it was stated that this would be Ihe 
stream along Isherwood Road. Since the preferred alternative will not remove perchlorate, this will result in 
discharges of perchlorate to the stream along Isherwood Road. The proposed plan indicates that perchlorate 
is present in the groundwater at concentrations up to 76 ppb. Perchlorate is an endocrine disruptor and has 
negative impacts to wildlife including amphibians. A recent study of the effects of perchlorate on amphibians at 
concentrations below the maximum level found in the Site 4 groundwater indicated inhibition of thyroid function 
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with associated developmental problems (Goleman, W.L, J.C. Carr and T. Anderson. 2002). Environmentally 
relevant concentrations of ammonium perchlorate inhibit thyroid function and alter sex ratios in developing 
Xenopus laevis. Environmental Toxicology and Chemistry (21(3): 590-597.) 

The groundwater from Site 4 should not be discharged to a surface water body without treatment to remove 
perchlorate to a level that will have minlmal environmental impact. EPA and Maryland Department of the 
Environment should determine what concentration of perchlorate in the groundwater will result in minimal 
environmental impact. 

Response 16: Perchlorate it is not considered a COC in surface water because detected concentrations 
have never exceeded EPA’s recently published (April 2005) human health risk-based concentration. However 
the Navy will continue to monitor perchlorate in the groundwater. Specific monitoring locations wiil be 
determined in the long-term monitoring plan. 

It should noted that, as part of the conceptual design evatuabon process for OU-1 FS, estimates were made of 
anticipated perchlorate concentrations in the influent to the treatment system proposed under Alternative 6. 
This involved identifying the average concenlrations of perchlorate detected in each of the monitoring wells (13 
wells) that fall within the immediate capture zone of the new extraction wells, and then using these values to 
calculate an average influent concentration for each of the proposed extraction wells and for the system as a 
whole. Only one of the 13 monitoring wells contained an average perchlorate concentration above the 5 ppb 
detection limit (30 ppb). The resulting predicled average perchlorate concentration in the air stripper influent 
would have been approximately 5 ppb. 

Perchtorate has only been detected in ten of the 94 monitoring wells that have been sampled for perchlorate 
within the Site 4 area. and has been detected at concentrations greater than 24.5 ppb in only four wells. One 
of these four wells falls within lhe area of the formerly proposed extraction wells as discussed in the preceding 
paragraph. The well lhat had contained the greatest site concentration (76 ppb) is located immediately (30 
feet) upgradient of the Site 4 source area. Under the preferred remedy, this area will be addressed using 
enhanced anaerobic biodegradation (injecting electron donor), which should be effective at degrading 
perchlorate. The other two wells are located on the periphery of the Site 4 TCE plume where the selected 
remedy relies on long-term monitoring. 

However, since the currently selected remedy - if?-situ enhanced reductive dechlorination with institutional 
controls and long-term monitoring - does not involve additional extraction and treatment in areas with high 
perchlorate concentrations, lhere will be no additional discharge of perchlorate contaminated water to any 
surface waters. 



LIST OF ACRONYMS AND ABBREWATIONS 

AOC 

ARAR 

BCT 

BERA 

bgs 

BHHRA 

BRAG 

B&R Environmental 

CERCLA 

CERFA 

cfm 

CMS 

cot 

CSF 

CSM 

CTE 

DCA 

DCE 

DO 

DOD 

OPT 

QRO 

DVSAP 

EA 

E8S 

EFACH ES 

EPA 

EPC 

ERD 

FDA 

FS 

wm 

GRO 

GSA 

HI 

area of concern 

Applicable or Relevanl and Appropriate Requirement 

BRAC Cleanup Team 

Baseline Ecological Risk Assessment 

below ground surface 

Baselrne Human Health Risk Assessment 

Base Realignment and Closure 

Brown & Root Environmenlal 

Comprehensive Environmental Flesponse, Compensation, and Liability Act 

Community Environmental Response Facilitation Act 

cubic feet per minute 

Corrective Measures Study 

chemical of concern 

Cancer Slope Factor 

Conceptual Site Model 

Central Tendency Exposure 

dichIoroethane 

dichloroethene 

dissolved oxygen 

Department of Defense 

direct-push technology 

diesel range organlcs 

Design Verification Sampling and Analysis Plan 

EA Engineering Science and Technology 

Environmental Baseline Survey 

Engineering Field Activity Chesapeake 

United States Environmental Protection Agency 

exposure point concentration 

enhanced reductive dechlorination 

United States Food and Drug Administration 

Feasibility Study 

gallon(s) per minute 

gasoline range organics 

General Services Administration 

Hazard Index 



LIST OF ACRONYMS AND ABEREVIATIONS -- 

HNUS 

HQ 

HRCO 

HSA 

HSWA 

HQ 

IAS 

1C 

ILCR 

IM 

IRP 

ISCO 

LTM 

LUCS 

MCL 

MDE 

mst 

Km 

!-a- 

Navy 

NCEA 

NCP 

NEEP 

NEESA 

NlOSH 

NPDES 

NPL 

NPW 

NSWC 

O&M 

ORP 

OSWEFI 

ou-I 

PAH 

PCA 

PCBS 

PCOC 

Halliburton NUS Corporation 

Hazard Quolienl 

hydrogen release compound 

hollow stem auger 

Hazardous and Solid Waste Amendmenls 

Hazard Quotient 

Initial Assessment Study 

lnstitulional Controls 

incremental lifetime cancer risks 

interim measure 

Installation Restoration Program 

h situ chemical oxidation 

tong-term monitoring 

land use controls 

Maximum Contaminant Level 

Maryland Department of the Environment 

mean sea level 

microgram(s) per kilogram 

microgram(s) per liter 

Department of the Navy 

National Center for Environmental Assessment 

National Oil and Hazardous Substances Pollution Conlingency Plan 

North East Environmental Products 

Naval Energy and Environmental Support Activity 

National Inslitute for Occupational Satety and Health 

National Poltutant Discharge Eljmination System 

National Priorities List 

net present worth 

Naval Surface Warfare Center 

operation and maintenance 

oxidation/reduction potential 

Olfice of Solid Waste and Emergency Response 

Operable Unit 1 

polycycljc aromatic hydrocarbon 

1 ,I ,2,24etrachloroethane 

polychlorinated biphenyls 

potential chemicals of concern 
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LIST OF ACRONYMS AND Al3BREVlATlOMS .^....-“*“-- I. 

PEL 

PRG 

RAE) 

RAO 

RBC 

RCRA 

RFA 

AfD 

RFI 

RI 

RME 

ROD 

SARA 

scfm 

SI 

SVE 

svoc 

SWMU 

TBC 

TOC 

TRC 

TSDF 

TtNUS 

UCL 

USACOE 

UTL 

voc 

permissible exposure level 

preliminary remediation goal 

Remedial Action Board 

remedial action objective 

Risk-Based Concentration 

Resource Conservation and Recovery Act 

RCRA Facility Assessment 

reference dose 

RCRA Remedial Feasibility Investigation 

Remedial Investigation 

reasonable maximum exposure 

Record of Decision 

Superfund Amendments and Reaulhorization Act 

standard cubic ft per minute 

site investigation 

soil vapor extraction 

semivolatile organic compound 

Soltd Waste Management Unit 

to-be-considered 

total organic carbon 

Technical Review Committee 

Treatment, Slofage, and Disposal Facility 

Tetra Tech NUS, Inc. 

95% Upper Confidence timit of the Mean 

U.S. Army Corps of Engineers 

upper tolerance limit 

volatile organic compound 

3 



REFERENCES 

Brown and Root Environmental. September 1997 Draft GroundE&er Resulfs for Various Sites, Naval 
Surface Warfare Center White Oak, Silver Spring. Maryland. 

CI-IZM HILL. August 2002. Remedial Investigation of Operable Unit 1, NSWC White Oak, Siiver Spring, 
Maryiand. 

CH2M HILL. June 2003. Feasibility Study for Operable Unit 1. NSWC White Oak, Siiver Spring, Maryland. 

Department of the Navy. November, 1984. /n/tia/Assessment Study of Naval Surface Weapons Cenfer, 
White Oak Laboratory Silver Spring, Mary/and. 

EA Engineering Science and Technology April 1996. Environmental Baseline Study, Naval Surface 
Warfare Center, White Oak, Silver Spr’ing, Maryiand. 

Halliburton NUS Corporatjon. June 1995. Design Verification Rep& for Remedial Actions at Site 2, 3. 4, 
and 9. Naval Surface Warfare Center, White Oak. 

Halliburton NUS Corporation, August 1995. Wetland and Forest Stand Delineation Reporl for /RF Sifes, 
Naval Surface Warfare Center, White Oak. Silver Spring, Maryland. 

KearneyiCentaur Division. November 1990. Phase II RCRA F&lily Assessment of fhe Navai Surface 
Warfare Center, White Oak Laborafory, Silver Spring, Mary/and. 

Malcolm Pirnie, Inc. April 1987. NACIP Frogram Confirmation Study, Verification Phase, Naval Surface 
Weapons Center, White Oak, Mary/and. 

Malcoim Pirnie, Inc. October 1992. Remedial Investigation Report, Dahlgren Division Detachment, White 
Oak, Silver Spring, Maryland. 

Malcolm Pirnie, Inc. March 1993. Feasibility Study Report, Dahlgren Division Detachment. White Oak, 
Silver Spring, Maryland. 

TTNUS, Inc., August 1998. Work Plan for RCRA Facility tnvestigation and Corrective Measures Study, 
Naval Surface Warfare Center, Wh& Oak, Silver Spring Maryland, Sites 2, 3, 4, 7, 8, 9. and II. Prepared 
by Tefra Tech NUS, Inc. 

TTNUS, Inc., November 1998. Site Investigation Report /or Site 46, Naval Surface Warfare Center, White 
Oak, Maryland. Prepared by Tetra Tech NUS, Inc. 

TTNUS, Inc., December 1998a. Engineering Evak/ationKost Analysis (EE/CA) for Site 46, Former Naval 
Surface Warfare Center, White Oak, Maryland. Prepared by Tetra Tech NUS. Inc. 

TTNUS, Inc., December 1998b. Background Investigation Report Former Naval Surface Warfare Center. 
While Oak. Prepared by Tetra Tech NUS, Inc. 

TTNUS, Inc., January 1999 (Draft), Basis of Design Repoti for Centrifuge Groundwaler 
Extractionflreatment System, Former Naval Surface Warfare Center, White Oak. Prepared by Tetra Tech 
NIJS, Inc. 

TTNUS, Inc., October 1999(a). Draft Basewide Screening Level Ecological Risk Assessment, Naval 
Surface Warfare Center, White Oak, Silver Spring, Maryland. Prepared by Tetra Tech NUS, Inc. 



REFERENCES 

TTNUS, inc.. October 1999(b). Posf-Removal Acfian Report for Site 4 and Site 33, former Nava/ Surface 
Warfare Center, White Oak, Silver Spring, Maryland. Prepared by Tetra Tech NUS, Inc. 

TTNUS, Inc., April 2000. Addendum, Rounds 1, 2, 3, & 4 Groundwafer Data, RCRA Facility Investigation 
for Sites 2, 3, 4, 7, 8, 9, Naval Surface Warfare Center, White Oak, Siiver Spring, Maryland. Prepared by 
Tetra Tech NUS, Inc. 

SINUS, Inc., October 2000. Final RCRA Facilify Invesfigafjon for Sites 2, 3, J, 7, 8, 9, and Paint Branch. 
Naval Surface Warfare Center, White Oak, Silver Spring, Maryland. Prepared by Tetra Tech NUS, Inc. 

U.S. Army Corps of Engineers (USACE), Baltimore District, 1997. Remedial /nvesfig&on (R/,1) ofAde/phi 
Laboralory Center (ALCJ. 

USACE, 3altimore District. February 1998. Final Remedial Investigafion Report, Remedial investigation at 
the Building 500 Area, Adelphi Laboratory Center, Adelphi, #aryland. 

USACE Baltimore District. September 1998. Long Term Moniforing Report R7, Sampling Even&-June 
1998 at fhe Building 500 and Site 8 Areas, Adelphi laborarory Center, Adelphi, Maryland. 

USACE Baltimore District, April 1999. Long Term Monitoring Report #2, Sampling Event-January 1999 at 
the Duiidihg 500 and Site 8 Areas, Adelphi Laborafoty Cenfer, Adelphi, Maryland. 

USACE, Baltimore District. September 1999. Long Term Moniforing Report #3, Sampling Event June 1999 
at fhe Building 500 and Site 8 Areas, Adelphi Laboratory Center, Adelphi, Maryland 

USACE, Balfirnore Oisfricl. May 2&?0 Long Term Monitoring Report #5, Sampling Event June 2000 at fhe 
Building 500 and Site 8 Areas, Ade/phi Laboratory Center, Adeiphi Mary/and. 

USACE, Baltimore District. September 2000. Long Term Monitoring Report #5, Sampling Event June 2000 
at the Building 500 and Site 8 Areas, Adelphi Laboratory Center, Adelphi, Maryland 

USACE, Baltimore District. April 2001. long Term Monitoring Report #6, Sampling Event January ZLIOI at 
fhe Building 500 and Site 5 Areas, Adelphi Laborafory Center, Adelphi, Maryland. 

USACE, Baltimore District. September 2001. Long Term Moniforing Report K7, Sampling Event June 2001 
at fhe Buiiding 500 and Site 8 Areas, Adelphi laboratory Center, Ade/phi, Maryland 

USACE. Baltimore District. August 2002. Long Term Monitoring Report f8, Sampling Event Aprii 2002 at 
the Building 5UO and Sife 8 Areas, Adelpbi laboratory Cenfer, Adelphi, Maryland 

2 







Table 2.2 
Compounds Oelecwd in Sutsurixe Soil Samples al Site 4 April 2002 

ROD far Sire 4 
Former NSWC Whrte Oak, Silver Spring. Madand 

Wet Chemistry 
% SdldS (%I 
To:al organic carbon (TOC) (MG;KGI 

Total Petroieum Hydrocarbons (MGIKG) 
TPH-diesel range 
TPHqs range 

89.1 i 
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I 

19001.l 
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39OiL 
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I 
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CIIJ 
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2400 1 601 !litJ lZitJ[ 1OiU 23coj 

93i 0.77: O.lliU 1 0.12/u 1 O.l;U ) 190! 

NA _ Not analyzed 
B . Slank conramlnation 

J. Esrimaied 
L - Biased lo& 
u . Undereciec! 

IJJ Undetected, estimated limll 
UL . Undetecred, limit biased tow 
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Table 2-3 
Compounds Dslected in Subsurf.zce Soil Samples at Sl!e 4, January 2003 

ROD for Site 4 
Former NSWC While Oak. Siwt Sprang, Maryland 
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Table 2-4 
Detected Compounds in Groundwater Monitoring Well Samples from Site 4 (Round 8, September 2D01) 

ROD &or Site 4 
Former NSWC Whife Oak, Silver Spring, Maryland 

--I 
__1--- 

.---.--- 

-- ___ _^.__ _-- . . . .._,. - _--.-....,,. ̂  l_l__... . . . . ̂  ___.._ 
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U=unueteCted 
J=Estitiated 
R=Rejecled 
NA=Nol analyzed Page 1 of 2 Ow25l2OQ3 



Table 2-4 
Detected Compounds in Groundwater Monitoring Well Samples from Site 4 (Round 8, September 2001) 

ROD for Siie 4 
Former NSWC Whlte Osk, Sitver Spring, Maryland 
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P-Arnn~;.6-Dinirrololuer.e ;UwL I NAj NAi : j.JA! NA: ?+A: / O.Z6!U / NA! j NA; j XA 
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Field Psnmele~s ; ! / : 
I ’ 

~ ! j / 1 / ! ! / : 
Femus Iron !hiGt -1 01 1 NA! 0: :?p+i / 01 / 8; I 31 t 4.4 

HydrdceO Scllide :MG,L I .\ 01 i NAi : O! 1 NAj I (II 0: I 0: 0’ 

?H 5.93, 5.07! I 5.17: 4.52; I SA ~ 4.731 f 5.78; i 5.&J 5.35 

SDeo!lC Condufilviiy (SC) ‘MSCM j 0621 0.195: 0?54! o.Isl: I Nh, 0.2G6. j 0.548; ! 01&r’ -- 0.355 

Lbso!ved Oigon [DO, ;hWL ! 54dl 3.05, 0.3! : 1431 i Nk, ; IQ! ; <O.l! / c0.l 0’ -._- 
1esperalL-r~ ;c 1571 152 j 15.3: 14.81 “:A. j 15.3: 15; 18, 

3r.dZlicrs Reduction P~l:er.l~ai (EH’CRP) ihlV I 132i 1901 : 2151 : 222 HAi t 
-I-- 

259’ -91: lOOi -226: 

kundelecred 
J=EstimateC 
R=RejecW 
NA=Nol analyzed Page 2 of 2 08/25/2003 



Table 2-5 
Detected Compounds in Groundwater Well Samples from Site 4 (Interim Sampling, May 2002) 

ROD for Site 4 
Former NSWC White Oak, Silver Spring, Maryland 

CNoroform I 1’U 1 1;u 1 0.21 IJ 1 0.54,J 

Toluene 1 [U 0.13.J 1jU 5:u 

Trrchloroethene 

Viny! chloride 

CC-1 2Dichlor@zerhene 

ffans-t ,Z~Dichloroethefle 

211 1 4 0~57: J 120' 

t.1 1 ‘U ljti 51lJ 

291 1.5; OlliJ 4.4/J 

0.19IJ 0.i7:J 1;u s]lJ 

NA . Nal analyzed 
J - Estimated 
Ii - Undew!ec! 

Pap 1 01 1 



Table 2-6 
Delecled Compounds in Groundwater Monitoring We!l Samples Ior Sl!e 4 (Round 9, February 2003) 

ROD for Site 4 
Farmer NSWC White Oak. Siher Spring Maryland 

Well ID 
Location 
Sample ID 
Sample Date 

-- 

04GW48 

Source Area 
04GW50 04GW203 

004GW2030009 

04GW302 
DowngradienUBedrock -.-m, _ I---___x_ 

Notes 

f4.4 - Not analyzed 
J - Repofted vall?e is eslimaled 
K - Rrponed value may be brased h!gh 
U - Anaye nor deracred 

Pege : 0: 1 



Table 2-7 
Delected Compounds in Groundwaler Monitoring Well Samples for Site 4 (Round 10. May 2003) 

ROD for Site 4 
Former NSWC White Oak, Silver Spring Maryland 

Source Area 

004GW0480011 004GW0500011 

Some Area DowngradienUBedrock 

004GW1050011 004GW203OO11 001GW301001 I 00iGW3020011 

NA - Not analyreu 
J - Reported value is estimated 
K - Reported value may be btased high 
U - Analyte not detected 

Page 1 of 1 









TAi3LE 2-S 

OCCURRENCE; DISTRIWTIOFI. MO SELECTLON OF POTCMIAL CONSTITUEXTS Of CONcmti 

POST-REMOVAL SURFACEW~SUA~A~E SOIL. s17E 4 -CHEMI~~~RI.U IREA 
NSWC-WHTTE OAK. BICYER SPRING, MARYLAFiD 

PAGE 4 OF 5 
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h’.EDIUM-SPECIFIC EXPOSURE~POtNT CONCENTRATLON SUMMP.RY . SURFACE!SUBSUFACE %CIL 
SlTE 4 - CIiEMlCAL BURIAL AYEA 

NSWC~irlHlYE OAK, SILVER SPR!NG, MARYL4ND 

NCXni2 Detecled Quali!:er uni:s 

ma Consenrrmon Vedum 1dediu.m 

EPC EPC 

Valve Slaristic 
I 

3.375~1 1.73Ec00 n-g/kg 2.8?E-O! 95% UCL-T 

3.fOE-31 1.3SE-03 nprg 2.83E-O! 95% UCL.7 

3.52E-01 l.?CEcOO ’ .m@g 3.32E-D! %% KC-7 

2.511E-0: l.SI5c: r’ ng,<g : .53E.C< Merimu.7 

2 35E.31 : .6%E-C3 mpg 3.‘4E-C.: 95% UC?-T 

1 ME-04 5.97504 J mgiirg l.BSE-Gc 95% UCL.T 

Statistics. ?Jaximum Derecled Value Qvlax); 95% UCL of Normai Data (95% UCL-N); 95% UCL of t.og-transformed Data (95% UCL-T); 
Mean of Log-transformed Data (Mean-T); &an of Normal Oata (,Mean-N). 

: 1~ Shapiro-Wilk W Test is inconclusive. Data are assumed IO be log-normally distributed. 
f.2) 95% X1_ exceeds maximum detected concentration. Therefoz, maximum concentration is used for EPC. 



CANCER TOXICITY DATA -- ORAUDERMAL 
SITE 4 - CHEMICAL BURIAL AREA 

NSWC-WHITE OAK, SILVER SPRING, MARYLAND 

Chemical 

Ci Pcten!ial 

Concern 

Oral CSF Oral to Dermal 

Adjus!menL 
Facror”.’ 

Adpsled f&ma\ 
Cancer Slope Feclor:‘! 

Unlls Weight of Evidence: 

Cancer Guideline 
Description 

Source Date”‘ 

Aioclor-i260 

Benzo(ajan!hracene 

Dibenzo(a,h)an!htacene 

2378-TCDD TEQ 

I 2.OE100 7 2.00EtOO (mgikg-day).’ 82 1RlS 

7.3E-O! 

7/21;2002 

1 7.30E-01 (mgikg-day)” 82 Region 3 4!2/2002 

(mgfkg-day)” 82 tRIS 7121/2002 

(mgikg-day)” 32 

7.3EtOO I 

Region 3 4!21’2002 

1 7.30EtoO (mg/kg-day)‘! 82 

T.5E+05 

4/2L?QO2 
7 i .50E+05 (mgikg-day)“ 

Region 3 f 

a2 Region 3 42/2002 

(7) RAGS~PARY E (USEPA, September 2001). 
12) CSFdermal = dSFotal/(Otal to Dermal Adjustment Factor) 

(3) Date ol IRIS 

Notes: 

CSF = Cancer Slope Factor 

IRIS = Integrated Risk information System, on-line database search (USEPA, 

HEAST = Health Effecls Assessment Summary Tables (USEPA. July 1997) 

Region 3 - USEPA Region III RBC Table, April 2, 2002 

EPA Group: 

A - Human carcinogen 

81 - Probable human carcinogen - indicates that limited human data 

are available 

&llYl999) 

62 - Probable human carcinogen - indicates sufficient evidence in 

animals and inadequate or no evidence in humans 

C - Possible human carcinogen 

D - NOI ckssifiable 2s a human carcinogen 

E . Evidence bf noncarcinogeniciiy 

ToxCanr WD2,x!s ?I31 1200’ ? AM 



7 2E-68 

7.2E.C’I 

7 E-C3 

c,rE-C? 

2.6E.CI 

9.9E.08 

T 
t 

-. ----- 



T 

f 

- 



- 





- 
I- 

-i 

1” 
P

 
a 2 
I. 





9.6~.OS 

9 7E.67 

I.OE.67 

5x-07 

5 CE-c7 

\.E.OS 

- 
1 

1 



!r;;cslim 

2 3E.07 

2.3~.CE 

2.CE.G 

’ 35% 

8.2E.$7 

3 !I%5 



CCN~RAL TENDENCY Exro5uRE (cx) 

SiMMJRYOF RECEPT3R RWS ;%I h(PL*RDS F3R COPCI XJTURC CH!CO RES’DCNT 

SITE 4. ChEMICfd B~JWAL AREA 

NSWC-WHITE OAK. S!:VER SPRING. W$tYtiND 

T 

i 

f l- -i- 

t 

i 

,r.grs,,on 

2.5f-58 

2.5E-07 

2.7EQB 

I.dE-07 

9, IE-08 

3.5E-09 

3.?E-38 

1..7i.:‘s 

3.8i.39 

2 IE-SB 

l.rE-oe 

1.25-37 

i +” 
SOi! 

i i 

r 

TablsSCh \CTEADD.xls 7/Z!.’ j3 .:.!.I 



L 4.. 
I 

T 

I t 



T I 



. 
J .I 

.- 



T 

i 2378.?:3D JEO S.7E.CB 3.1 E-C9 

T 

I - &.CC-OS (237e.icoc TEQ 

I 

I 

r t 

i I 
i 

I 

TablaMer ^,TEADD.x!s 



S.DE-$9 

5 CE.@d 

WE-09 

2.6aa 

I ai-m 

6.6E.07 

-I- 

TableSCo YTEADD.XlS 



Ezjctws Cn*.x!ca! 

Pas! 
I--- 

a cE-;i 

B.Oi.lC 

Y.Gl 

GE, 10 

3.:E.10 

2.5E.09 1 23?8-TCDD TEO 1.3E-57 

fableW1 -EAOD.rls 
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TABLE 2-27 

Summary of Dala Ouanlilativoly Used In Risk Asscssmcot for OU-I Groundwater 

Medium -1 
roundwater - 
m - Feb 2000 

xii 2000 

Dale of 
Sampling 
rock’ 

ROD for Site 4 Soil and Graundwatcr 
Former NSWC While Oak 

Sample 
--we 

IQ Parameters 

mw 1 rxmo5 

co9GW105m5 

MIJGWl ouM5 

CC’3GW201 IX05 

009QW201SDO5 

C4$GW l250M5 

cwawooDoo5 

wEGw214oco5 

a4GGWCl2005 

609GWlMM05 

MKW I25mm.5 

M6GWZNCtBS 

BEGW213DooF 

WMW22CCCC6 

04GGwc12wx 

WGGWC5(yxy; 
d Sapralite’ 

f 



TABLE 2-28 

Summary of Chemicals of Potential Concern for the HHRA 

for O&l Groundwater 

ROD lor Site 4 Soil and Groundwater 

Former NSWC White Oak 

Groundwater 
Coastal Plain and Saprolite 

Aquifer Bedrock Aquifer 

~gesl~on and Dermal Scenarios Ingestion and Dermal Scenarios 

,I ,2.2-Tetrachloroethane 

,I ,2-Trichloroelhane 

, i-Dichlaroethene 

,‘&Dtbromoathane 

,2-Dichloroethane 

,2-Dichloropropane 

,4-Dichlorobcnzone 

lenzene 

lrarnodichtoromelhano 

:arbon totrachlortde 

:hlorobenzene 

:hlorolorm 

‘etrachloraethenc 

‘oluene 

‘richloroethono 

‘inyl chloride 

is-l .2-Dichloroethone 

rans-1.2.Dichloroethene 

Japhlhalene 

lis(2-Elhylhexyl)phthalato 

‘,4,6-Trinilrotoluene 

t-Amino-4,&dinilrotc~tuene 

.-Amino-2,6.dinitrotoluene 

‘crchloratc 

3DX 

4luminun~-’ 

4rsenic 

Sariurn 

Seryllium” 

:admium 

Chromium 

Cobalt 

Coppec” 

Cyanide” 

Iron 

l&ad 

Manganese 

Mercury” 

Nickel 

Thallium 

Vanadium 

1.1,2,2-Tetrachloroetliane 

1.2~O~chtoroethane 

Chforolorm 

Trichloroethene 

Vinyl chloride 

cis-1.2-Dichloroelhene 

2,Amirlo~J,G-dinilrotoluene 

4-Amino-2,6-dirlilrotoluone 

Perchlorale 

RDX 

Aluminum 

Arsenic 

Barium 

Chromium 

I ml 

Manganese 

Nickel 

Vanadium 

’ Combines surface and subsurface soit. 
‘- COPCs for the construction worker scenario only (bas?d on total metals results). 

Page 1 of 1 
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Tat& 2-23 

CCCURRENCE, DISTRlSUflONAND SELECTION OF CVEMICALS OF POTENTIAL CCNCERNI~ COASTAL PLA!N ~.a S.@PRO~TEGROUNDWA~ER THRO~HOUTOPER~~LE mn I 

ROD IOr Si:e 4, NSWC While Oak 

3 

OPI 
Fag 

E 
YES 

NC 
NO 
YES 

YES 
NO 

YES 

NO 

YES 

YES 

NO 

YES 

?:C 

YES 

YES 

NO 

YES 

r’ES 

NO 

YES 

NO 

YES 

r<o 

NO 

NO 

NO 

YES 

NO 

NO 

c 
: I 

J 

J 

J 

J 

J 

J 

J 

.J 

? 

J 

J 

J 

2 

L 

J 

J 

J 

i 

J 

J 

A 

2.4.6TnnilroMuens 263 

89.0 

1 50 

: 50 

101 

201 

1‘8 

472 

1.270 

4.K 

501 

0.390 

5.10 

9e.xo 

26.0 

83.e 

be.5 

29,7ryJ 

224 

72.m 

5,030 

OBM 

95.8 

1a.4m 

532 

3 IO 

-16,cm 

4.60 

aw 

la3 

1.2.117 

12.117 

26-26 

28-26 

12.117 

5-6 

2.6 26 

26-26 

317.357 

2.8.4 1 

02.u.5 

c I O.! 

0.3 0.e 

2?.6.46 

0.5~ 0.6 

05-l 

0.9. t 

166-239 

1.2. 1.3 

201.53 

02-1. 

01.01 

lb,: 

9:.(86 

22~23 

0.8.1.2 

x4.289 

3.1 - 3.3 

0.5. I 3 

I.&J N! 

022 N 

6.03 N 

12.2 N 

0.22 N 

1.8 N 

le;, ri 

okc5 c 

3.6scl N 

C.cM46 c 

256 N 

7.30 N 

1.63 N 

N’A 

110 El 

73 rI 

!G N 

‘22W N 

ISC 

WA 

73G N 

I 1C N 

73.c N 

WA 

18.3 N 

18.3 N 

Nd.4 

32’6 N 

25.6 N 

l.cB5 N 12-1.9 11 Tea 
- 





Table 2-30 

MEDIUh4.SPECIFIC EXPOSURE POINT CONCENTR4TION SUMMARY 1” COASTrL PLAIN clnd SAPROLITE GROUNDWAYER MROUGHOUT OPERAELE UNIT 1 

ROD for Sire 1. NSWC Whne Oak 

I .1,2,2-T4lrachl0roelhalle 

1 ,I&Trichtoroethane 

1.1~D!chlOroe~ene 

62.9 

1.46 

0.985 

1,2-Uichloroetiane UG’L 9.74 

1 ,2-Dtchl~roprcpane UG% 0.945 

I.+Dichloro%nzene ucik 0.982 

arnrene UG’L 52.7 

9r0malich!oromelhane UWL 0.930 

Camon relrachloric?e UWL 0 857 

Chlwobenzene UGL I 93 

Chloroform UGiL I .2B 

Tet:achloroethene UGJL 52.3 

Toluene UOL 76.2 

Tnchloroetiene UWL 13s 

‘In,1 chiwde U&L 2.60 

CIS-1 .BDichloroe:heoe UWL 26.0 

~rans-l.?~Gichlor~lhme UWL 5.30 

Naph;halene lfwt 2.37 

biS(.EI~ylhe)rlt)ph!halat~ UWL 3.27 

2.4.8.Tnntiro:oluene U&L 0.82 

2-A~in~4.6-Ut~lrrololuerre UG’i 3.25 

~~~~in~2,6-dmiiroto!uenr U&L 3.59 

Perch!orale U&L 10.8 

ROX U&L 20.1 

ATSV?ll:C UWL 184 

Barium UWL 92 E3 

Cadmrum UWL 0.77 

- 

- 

124 

2.26 

1.61 

2.66 

24 3 

1 57 

1.61 

t4c 

1.5 

I.48 

3.29 

2.01 

9.86 

2bl 

227 

5 19 

42.6 

10.2 

2.76 

5.57 

22.3 

7.79 

8.74 

21.7 

wa 

2.C6 

132.94 

1.17 
- 

Maximun 

Delecteu 

concenta\;cn 

993.5 

6.5 

3.3 

20.6 

285 

3.2 

32 

1700 

2.7 

0.6 

16.6 

8.3 

70 

2487 

1200 

49.0 

208 

78 

2.1 

4.0 

262 a 

a3 

lcc3 

20’1 

672.2 

4.8 

501 

5.1 

c 

J 

K 

J 

J 

K 

J 

L 

J 

L 

L 

L 

J 

J 

Reasonate Maximum Exposure I Central Tendency 

Units I 

hkdium bledium Medium MedIm Meulum 

EPC 

Value 

EPC 

Rationale 

EPC 

ValW 
FPC 

Statistic 

UG’L 1.75t+02 95% XL-T W.Tw-(4) 6.29E+Ol MAean 

UGIL 2 26E+C0 95:b UCL.N W-Tesl-(A) 1.46E+C0 Mean 

UGlL 1.61E+M) 95% UCL-PI W-T&-(4) J.85~.31 Mean 

UG’t. 2.66E+@3 95% UCL-PI ‘N-T&.(4) 1 47E100 Mean 

U&L 2.43E+OI 0% UCL.N W-T&-(4) 9 74E+W Mean 

UG/L 1 57t+03 95% UCL.N W-Tesv(4) 9 <SE-01 Mean 

UGiL 1.61E+O3 05% UCL.N W-Test-(4) 9.82E.O? idean 

UWL 1.40E+@ 959. UCL.N WTeS(4j 6.27E+Ot Mean 

U&L lSSEt00 95% KL-FI W-Test-@) 9.30&0: tiean 

UWL 6.63E.01 L7ax w-T&(S.2) 6.c.5501 Max 

UaL 3.2OEcSO 95X UCL-14 W-T&-(4) 1.93&00 Mean 

UGL 2.OlE~cO 95% KC-N W-T&-II) 1.28EIC0 MI.%? 

UG.11 0.88E+00 95% UCL-N W-T851.(4) 5.268+00 Mean 

UG’L 2.04E+OZ 95% UCL-N W-Test-(a) ?.BZE+Ol Mean 

uwc 1 ?OE+03 Max W-TwA(4.2) 1.35E+02 Mean 

UGIF 5 t3EcW 95% UCL-N W-Test-(4) 2.63E+rXJ Mean 

UWL 7.9EitOZ 95% U&T W.Tes:.(a] 2,6OE+Ol Mean 

UG’L 1.02i41 95% UCL-N W-T&.(4) 530E+K1 hkan 

UWL 2.10Exu Mar W~Tew(4.22) 2.7OE40 t&.x 

UWL 4 6OE+Oo Max W-Tes~(4.2) 3.27Eco3 Mean 

UWL 2.23.E+01 95X UCL-N W.Tesl-(4) 8.92&W Meen 

UG’L 7.79EcCC 95Y. UCL.N W-Test.(a) 3.25E+oO Mean 

UOL B.74E-CO 95X UCL.N WTesc(4) 3 SE+00 Mean 

LKYL 2.1 l&O1 95% UCL-N W.Test-(4) t .oaE+01 Me ar? 

LlWL 4 48501 95% UCL.N W.T4st.(4J 2.01E+01 L!.XZT 

JG’C 2 ME+W 95% WC-N W-Teesk(4) l&E+60 h!WP. 

JG/L I 4-tEtO2 95% U&-T W-rest-(l) 9,28E+Ol Mean 

JWL 1.17E*IIO 95% tiCL,N W-Tear-(4) 7.66E.01 Mean i - 

!?&25!2CO3 
%?6 AM Page 1 of 2 
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Tab!2 2.?a 

MEDIUE.I.SPEClFfC EXPOSURE POIrJT CONCENTRATION SU.uMARY in COASTAL PWN and SAPROL!TE GROUNDWATER THROUGHOUT OPEwLE UNIT 1 

ROD for Sole 4, NSWC Whr:e Oak 

obalt 

0” 

Bad 

lkqanese 

iokei 

Full s!atisiIcs for data included in Appendix hl. 

For rw14elects. II2 sample quanfitalbn limit v+as used as a proxy concenlrauon, for Uupl~cere snmple resutts, the maximum value was used in the ca!culation 

W - Tear: Developed by Shapiro and Wilk, refer lo Supp!emen!al Guidance lo RAGS: Calculating the Concenlrxoo Term. OSWER Oirecwe 9285 7-031. May Iyg? 

Optionii: Maximum Detected Vafw (Maz+ 95% UCL of Normaf Dais (95% UCL-NJ; SS5x UCL of Cog-transformed Oata (95sb UCL-T): 

h.!ean of Lq-vansformed Data (Meant): Mew of Normal Oata (Mean-N). 

(1) Shzpuc-Wilk W Tesl indiires dala are kg-normal&! U&iitied. 

(21 95% UCL (or mean) exceeds madmurr dewted camenlramn. Therefore. maximum concentration used for EPC. 

(3) StlapircWi!ks W Tes! rndkates d&a zra n0mral~disfnDtied 

(4) Shapirc-Wl!ks W Tesr incwcliistie. Higner o: wmal or lcqtranslormed v&e useo for EPC. 

[S) Normal mean v2Iue used. 

Page 2 of 2 
-rant@ 2-3O.XlS 
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TABLE 2-. 

NOWCANCER TOXlClTY DATA _. OWDERLIAL (FOR ALL 0U.l COPCs) 

SiIe 4 800, NSWC While Oati 

Chemtcal 

01 PotEnlial 

concern 

Chromd 

Subchronic 

Oral R!D Oral RIO Oral lo Dermal Adjusted 

Value units Ad~uslmm Dwmal 

Factor (; j RID (2) 

Chronic i .OE+CO mq’kg-day 

Sutxhronic N/A 

Chronic 3 OE-04 mg&g&y 

Subchronic 3.0~~0-I mglkg-day 

Cnramc 7.0602 mgikg-day 

‘c.iEdl mgikgday cm 100 NCEA oa,26/199i 

2 SE-04 mQl)cg-dCly Sk10 3 IRIS 0-%17/1498 

2.9~.04 mgtkgday SkIi? 3 HEAST 0?/08r 199e 

7 0E.W w%dw Cardwascular 3 IRIS GW173’993 

Chronic 

Subchrow 

Cthr0IW 

Subchromc 

Chton:c 

Subchronic 

Chronic 

SUbCh~O~lC 

throw 

Subchronic 

Chronic 

SUbchWJnlC 

Chronic 

Subchronic 

Chronic 

Sobchconk 

ChrOnIC 

Subchronic 

Chronic 

Suhchronic 

07/08i1%98 

7 .oE-L?3 “IQkQday 2.5% 2 SE-05 mg,kg-day KldWi) 1G M3lS OS;1 7/l 990 

NIA 

%E-L% mQ,kQ.dC,y Sk 2.5E-05 m~.kg-day .m!oey 1c IRIS w: I711 59s 

WA 

3.0E-03 mflicg.day 1% 3.OE-OS mqYk~.day N(?AEl 500 IRIS WI 7il598 

2.OE-02 mgikQ-day 1% 2.OE-04 mgikg-day NOAEL ICO MAST 07io6/1999 

ZOE-02 mgkg-day 30% 6.OE.03 rn@Q.dzif Seoshirer WA NCEA 05,??4/2301 

NJA 

4.OE-02 mqkg-day GG?k 2.4E-02 
I 

mglkg.day Gastrolnwinal NlA MAST 07!OeJ1948 

4.OE-02 mglktpday m% 2.4E-02 mgikg-daqf Gasmrnteshnal NJA HEAS-I 07JOWl998 

2.0s02 mgfKgkg-day 20% 4.&E-03 mgke-day whole body 103 IRIS w17119.93 

2.0602 mgwaay 20x 4.0E.03 mglhg-day Who% body 500 EAST 07,w/1998 

6.OE-01 mglRg-day 20?& 1.2601 mglkg-ddy Gaslroioleslina~ 1 NCEA 072Y1996 

N/A 

2.OE-02 mglkg-day 5% 1 .OE-O3 rn%fkQ.day CNS 1 IR!S W17/1$98 

NJA 

NA 

NA i 

3.0~.04 mg.&g-day 15% 4.5E.05 mglkg-day Nervous System 100 IRS 06’17rl996 

NA mgf?q-day mgfkcg-day 

Page 1 of4 
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TABLE Z-31 

NON-CANCER TOXfCf?? DATA .- ORUOERMU (FUR ML OU-I COPCs) 

Site 4 ROO, NSWC White Osk 

Of Po:enrrac 

page 2 ot; 
Tabta ‘2.31.11s 

Taule 2-31 



NONCANCER TOXIC!?’ DATA -- ORWUEREAPL (FOR ,UL OU-? COPCs) 

!.Z-Dibrom&hane 

1.3.Dichlorcbenzene 

1 .l.D~chlor@ePeoe 

cis.l.Z-C)ichloroethene 

Chronic’ 

SUbchronic 

CiVOtliC 

Subchronic 

Chronic 

Subchronic 

Chronic 

Subchronic 

ChO2llC 

Subchronic 
Chrome 

Subchronic 

Chronic 

Subchroolc 

Chrow 

Subchronic 

Chronic 

Subchmnic 

Chronic 

Subthmnic 

Chronic 

SubFhrOnic 

Chronic 

Subchronrc 

Chrooic 

subchroc;c 

Chronic 

Subchronic 

Chronic 

SU!N!VOnlC 

Srre 4 ROD. NSWC White Oak 

3.OE.03 m&j-day 80% 2 45x m@g-day 

4.0603 mgkg-day 80% 

4.0E-O2 mgkg-day .%I% 

NiA 

NIA 

XIE-02 myX*day 80% 

NIA 

?.OE-02 mgxg-aay 9 W. 

3.2E-03 

3.28-02 

2.4E-02 

l.eE.02 

ll3Ql%g-&ly 

m9M-W 

mgkg-day 

rngrkg-day 

3.0603 mgkqday 

LOE-03 1 mgrXg-day 

3.OEG mglqday 

WA 

1 .OE-02 mgkg-day 

f.OE-OI m@Q-day 

?.OE-O2 m&-day 

?.OE-01 mQfkQ-uay 

NIA 

IVA 1 1 

80% 

80% 

80% 

lea. 

100% 

109% 

10% 

7.2E.03 mg&qdry 

7.2E.03 WW-day 

24E-02 mp)cg-day 

1 OE-02 mgnq-d”, 

l.OE-01 man;a-day 

2.0602 m9wdav 

Z.OE-OI mg%g-day 

I 

L” 

NCEA OaRCd20co 

Pros:ra:e 

10011 MAST 06/2212OW 

NCEA O530.‘2OW 

loco IRIS 0?!02’?393 

Blood IGO HWST 0’108:19B3 

I I I 

her l&M IRE I 07~02/1958 

Liver 

Liver 

1OMJ HWsr 07/0811998 

1000 NCEA C-uO5fl993 

I , 1 

S!md 30C.0 HEAST ii/inal19oa 

Page 3 014 
TabIt 2-31 XIS 
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TA0lE 2-31 

MONCAJICER TOXICITY OATA -- OFGUDERhlAL (FOR ALL 0U.i COPCs) 

Site r. ROD, NSWC White 02k 

Sources oi RID: 

Target 0rQ.W (3) 

For ~m3W?nls 04l avallabla m He Region tll document the forlowing general value8 ww? ubed VOCs - 8Oo’ ml Pesricides/PCBs~ 50%. dioxntiturans - 50%. and midIs. 2aTo 

ATSDR = Agency ior Toxic Subslances and Disease Registry 

IRIS = Inlqmed Risk lnlormalion Syslem 

HEaST= Mealth Effect Assessmenl Summary Tables 

NCEA = National Center for Enwonmenlal assessment 

(2) P~av!de equaiian ior derhath U-I text. 

13) For RIS v&es. prowde the dale IRIS was searched. 

For HEAST valves, provide the date a: HEAST. 

For NCEAralues. provide rhe dale of the ariic!e provrded by NCEA. 

RESP = Respiraroy System 

CNS = Cenml N~NOUS System 

MMEL = NO adverSe effeecr level 

9:te. AM 

08?252c03 



CANCER TOXICITY DATA -. ORAL~EAMAL (FOR ALL OU-1 COPCs) 

ROD lo! Sile 4. NSWC While Oak 

of Po:en:ial 

Oral to Dernal Adjusred Dermal 

Cancer Slope Factor 17) 

PaseloP 
Table 2-32 XLS 

TABLE 2-32 



TABLE 2-32 

CANCER TOXICITY DATA -- ORAUDERMAL (FOR .4cc Owl COPCs) 

ROD for S&e 4. NSWC While Oak 

Chemlwl 

of Potentlai 

concern 

Ihetrachlorcethene 

richloroethene 

iny1 chIoride (lifetime Irom birth) 

Oral Cancer 

Slope Fanor 

Oral to Dermal 

Adjusvnenl 

FaCtOr 

5.IE-02 

NIA 

Adjusred Dermal 

Cancer Slope Factor (1 j 

i.lE-02 

1.4E+OO 

7.2f-01 

@@kg-day) .’ 

FWWW) 

@g/kg-day) ~’ 

EPA 

Cardnogen 

Group 

source 

NCEA 

NCEA 

iRlS 

IRIS 

Dale (2j 

(MM’DDNYj 

NU-Did not use th6 Oral stops factar for defmal evaluation bemuss ths chemicals may act directly st the point al wndacl per Mefr&vendum from Jennifer Hubbard, 1211 g/96. 

N/A-fIot available EPA Carcinogen Group: 

IRIS = Integrated Risk Informabon Syaem A - Human carc!nogen 

HE4ST= !-k&h Effects Assessment Summary Tabtes Sl - Probable human carcinogen _ indicates that Iimiled human data are available 

:<CEA = Wlional Cemer for Environmeolal Assessment 82 - Probable human catinogen . indicates sufkient evidence in animals and 

Ll = Under review. inadequate or no evidence in humans 

C _ Possible human carcinogen 

0 - Nat classifiable as a human carcinogen 

E . Evidence a! noncarcinogenlci!y 

(1) Refer to RAGS. Pan A Sows is EPA Fiegran Ill Oral Absorplfor~ Values lorOr&!o~Oermal Emqoolanon , April 8, (999. 

Dermal carcinogenicity should no! be assessed for Ihe carcin~enic PA%. as these ch6mrcaIs may xi directly at the poinr oi mntacr. 

For constituents not available in the Region III dccument the following general values were used: VOCs - 80 %. Pesflcides/PCBs - 5076, dioxintiwans - SO:.. and merals - 20%. 

(2) For tRlS w&as, prowds the dale IRIS was searched. 

For HEAST values. provide rhe date of HEAST. 

Fo: NCEA va[ues. provide article dale provided by NC% 

5(24/2001 

%24/2001 

O~=!I25/2003 
3.17 P' 

Table 2-32 XLS 
TABLE 2-32 



TABLE 2-33 
Summary of Media-Specific Risks and Hazards For RME to OU-I and Site 4 Groundwater 

ROD for Site 4 Sol1 and Groundwater 

NSWC Whit2 Oak 

Media: Groundwater in Coastal Plain and Saprolite 

I 
Future Resident Adull Future Flesident Chdd 

._ WA 0.0 ( -- . . 

._ _- 1 -. .- 1 NA 

1. 0.001 1 -0.01 1 - 1 -. ] .- 1 NA 

[ 0.07 f 0.02 1 0.1 1 - -. .- 

I. , , ‘, .- -. , ( pJ;* , 3 - . . _L 
1.4 1 OS303 1 0 4 -- . . , I no, ( , ._ . . 

0.2 1 -- -- 



TABLE 2-33 
SUmmary of Media-Specific Risks and Hazards For RME to OU-1 and Site 4 Groundwater 

ROD for Site 4 Sol1 and Groundwater 

NSWC Whfre Oak 

Shdded ccnsl~tuen~s are COPCs fcr OU-l grOUndiva?el lhal were also dewzted in Site 4 growndivater. Page ? of 3 







TABLE 2-W 
Summary of Media-Specific Risks and Hazards For CTE to OU-1 and Site 4 Groundwater 

ROD for Site 4 Soil and Groundwater 

Shaded constibents are COPCs for 001 groundwater that were also delacted in We 4 groundwaler. 

Page 2 ot 3 



TA 2-34 
Summary of Media-Specific Risks and Hazards For CTE to OU-1 and Site 4 Groundwater 

ROD for Site 4 Soil and Groundwaler 

NSWC White Dale 

Media: Groundwater in Coastal Plain and Saprolite 

1 
Fulure Conslruclion Worker 

:hlomeihane 
. . 

Cnlorolmn2ene 

TOluene 
-./1 

~-4,S-dinilmloluene . . 1 - -- I NA., 
ritmtoluene -- ’ NA I 

II - 1 -_ ._ 

Shaded constituents are COP& for OU-1 groundwater that were also detected in Site 4 grcundwater. 





r- 

~-I__.-_I_~_ 

Table 2-36 

Preliminary Remedialion Goals Ior Site 4 ~00 

Groundwaler 

Child Residential Scenario 

Site 4 Colnpliance Area 

I Cl1r0bic Chronic C)vonic 
0ral Dermol hlhalalioc~ 

Nollcarcirlogerl PRG 
Targe! OAcvem An 

Cllel~liCSl RID 
I311 

RID ll!D Organ 

ww (RfUd) 
TilKJfl 

(RIDi) PUG 
(my/kg-day) ( 

HO’ 
mg/kg-day) (q&g-day) 

WCS 
(Ucd-day1 (kg-Umg) (Iqumg) (MJL) 

I, 1,2.2-‘1 clr,lc~,loroclt,nllc 6 oorsoz 4.&x-02 NA - .---_-.._ IIVI:I, kirlrwy 1.4E-05 
1, I-Dichloroclhcne 9.00E-03 

1.7L:tOl 
7.ZOE-03 

2x too 
NA liver 

1.4rso I 0.17 

1,2~Dichlorooltww 
-.- ).5E-05 

1 XOOE-0: 
1,11:to2 

2.40502 
I.GEbOI 

1.40E~03 liver 

2.1 E-02 0.17 
-.- 

Ber1zcnr 
S.OE-06 3.3f+Ol 

_ 3.oori-03 3.00E-0.3 I 70E.03 
1 .GE so0 

liver 
7.GE-02 0. I7 

-_^..--l.l 1.7E-05 3.3f to2 
CL+1,2-DiclIlorocth,!IIC t.ooL:.oi! l.OOf-02 

S.5E.01 
Nh blood 

7.Ol.-03 0.17 

I’ltcllloroelt\wlc 
-.-II__ _I_ 9.35-06 l.OL! to2 

6 OOlI.03 y 6.0@03 Nh 
7x roe 7.31:-02 

I~vur, kldne 
050 

-lll.l-_-l- 
Vlrryl Ghloridc 

19E-05 1.7C+O” 
:l.ooLi .0:3 2.4Of-03 

2.5E +o I 
ZBOE-02 lwer 

l.lC-02 0 I7 

Energetks I- - 
5 LIE’-06 3.x 10% I.BlTI.Ol 7.a-03 0.17 

Pcrchlorntu EZ. Nh Nh 
horganics 

Ihyrovf. CNS O.OE+Oo NA NA NA I 00 

Iroll -~-- 
--- 

1 6.001:.01 --. I .201:-o I NA Gi. tAoocl 3.X-07 1.7t: 100 2 2E~O2 4.Gllt 00 050 





Table 2-35 
Preliminary Remediation Goals for Site 4 ROD 

Groundwater 

Residential Scenarro 

Site 4 Compliance Area 

Risk-Based 1 MCL-Based 
Chemical 

I 4.6E+OO Chi!d. H&O.50 / 
I 

Cummulalive Risk 4.aE-05 / 1.6E-04 1 

For constituen!s vjilh basis ot CR = ;O-5, PRG for CR ~10” less than ?RG for applzcable HQ 
Used CR ot IO” (0 keep werall carcincgenrc rrsk b&w 10”. 
Appiicabe HO chosen to keep iota1 WI lor each iaryet orgarL be&c 1. 

tlIe!lama. Tables 2-35 2-38 vZ.xls 
worksheet: Table Z-38-sumGWresPRG Paga 1 01 1 





Table 2-40 
Prelimmary Remediation Goals for Site 4 ROD 

Groundwater 

Child Residemial Scenario 

Site 46 Compliance Area 

Chemical 

Chronic Chronic Chronic 
Oral Dermal fnhalation 
RfD RfD RfD 

Target 
Organ 

DAevent An Brl 
Nancarcinogen 1 Noncercinogen PRG 

Groundwater PRG 
HO =CI.l HQ = 0.5 HCI=l Target 

(RW WW (Fmi) 
fms!kg~dav) (mglkq-day) ( mglkg-day) (Ucn?-day) (kq-Umg) (kq-!fmg) 

PRG no’ 

(ma) (ma) (rnw hwL) 

Noncardnogenic camu!ations: 

Groundwaler Risk-Based PRG = THQ x EiW x AT, 

(mwU EFxEUxf~tn-&I) 

An = l!RfDo x IR 

Bn = lIRfl3d x SA x DAevenr 

15 
2.190 

25.550 
350 

6 
1 

7.930 

hlename: Tables 2-39 I 2-42 vz.ds 
;rorksheel: Table E-SD-GW-resch Page 1 cl I 



Chemical 
Oral Slope 

factor 
(CS~O) 

Dermal inhalation 
Slope Slope 
Factor Factor 
(CSFd) (CSFi) 

#,^A- 
1 (kg-day/mg) (kg -dayJmg) (kg-daylmg) 

2.5E-01 2.00E-01 
1.4E-02 S.OoE-03 
1 “I- -,-.n .4t+Vu ^ I-- - J.““lE-“. 2, 

5 OE-O2 NA 
NA NA 
NA NA 
NA NA 

YVLS 

1 ,I ,2.2-Tetrachloroethane 1 2.00E-01 
Tr~chlrirtxthene 1 l.lOE-02 
Vinyl Chloride 1 l.AOE+oo 
Energetics 
2.1,6-Trinitrotoluene 3 OOE-02 
2-Amrno+4.8-dinttrotoluene NA 
jdmino-2.6-dinilroloiuene IJA 
Perchlorate NA 
1noroanics 

#Arsenic 
Cadmium 
tron 

) t.%E+OO 1.6EX)O 1 .SlE+O’ 
NA NA 6.30Ec01 

I AIA hlh hl n 

Table 241 
Preliminary Remediation Goals for Sire 3 ROD 

Groundwater 

Liietime Residential Scenario 

Site 56 Compliance Area 

VJcmzdayj (Ucm’.day) @Jday) 
I I 

U--yrimg) &*ytimq) IL-yr/mg) 
1 

l.lE-05 1 .JE-05 2.3E+OO 2.2E-01 2.9E-02 1 .BE-01 
1 SE-05 1 .YE-05 3.8Et00 1.2E-02 2.2E-03 7.BE-03 
J IE-06 5.3E-06 5.OEi-00 1 SE@0 6.3E-02 5.2E-02 

! .9E-06 2.5E-06 3.3E-02 1 1603 
3,2E-06 4.X.06 
3.2E-06 4.2E-06 
O.OE+oO O.O&+oO 

I 
2.OE-07 3.3E-0: 1.6&00 3.6E-03 
2.OL07 3,3E-07 
2.0&O? 3.3E-07 

Groundwater RiskBased PRG = 7-R x AT, 
bww EFx(Ac+BctCc) 

AC = CSFo :: Ifladj 

EC F- CSFd x [(SAa x DAevent-a x EDa)lBWa + (SAc x DAevent-c X EDc)BWc] 

Cc z CSFi x Shower Exposure x EDa x 7IBWa 

SA - Skin surface area [cm’) 
ET - Exposure Time (hours/day) 
Pi4 _ No reference doe or slope facicr available 

Carcinogen 
PRO 

Risk = Risk = Rislr = 
1 E-!l6 1E-05 1 E-04 

(mgl) (mgl) t,mwL) 

1.8E-0: 1 .SE-03 I .8E-02 
3.3E-03 3 x-02 3.3E-01 
4.4E-05 2.1E-04 4.JE.03 

2 2E-03 2.2E-02 2 2E-01 

&JE-05 4.5E-04 4.5&03 

filename- Tables 2-39 - 2-42 v2.ds 
worksheet: Table 2-4l-GW-resAC Page 1 of 1 

0127,‘2001 
1251 FM 



Preliminary Remed;ation Goals for Site 4 ROD 

Groundwater 

Residential Scenario 

Site 46 Compliance Area 

Child scanar~o selected for ncncarcinogenlc PRGs since child scenario more conseNative (lower PRGs). 
For constituents with basis of CR = 1O’5 or 2x1 O”, PRG far CR =Io” fess than PRG for applicab!e HCI. 
Used CR of 10” to keep overall catcincgenic risk below 16’. 
Appkcabe HQ chosen to keep total HI for each target organ belc~r 1. 

Mename. Tables 2-39 - 2-42 v2.xls 
Iworksheet: Table 2-42-sumGWresPRG Page 1 cl 1 



Table 2-43 
PRGs for Groundwater in Site 4 and Site 46 Attainment Areas of OU-1 

ROD for Site 4 
Farmer NSWC White Oak, Silver Spring, Maryland 

SourceA Max Cont. ] COCT 

1,2-Dichloroethane 

l,l-Dichloroethene 
Cis-1,2-Dichloroethene 
1,1,2,2-Tetrachloroethane 
Trichloroethene 
Vinyl chloride 

Perchlorate 
Iron (dissolved) 

5.00E-03 M 

7.OOE-03 PI 
7.00E-02 14 
IJOE-03 RI3 
5.OOE-03 Cl 
Z.OOE-03 Iv1 

not established RB 
4.60E+OO RE 

2 57E-0 1 

LOOE-03 
3SOE+OO 
5.60E-01 
l.lOE+Ol 
7.60E-02 

7.6OE-02 
3 85E+Ol 

YES 

NOE 
YES 
YES 
YES 
YES 

NOC 
YES 

(8enzene 5.00E-03 

cis-1,2-Dichlomethene 7.00E-02 

1,2-Dichloroethane 
11,1,2,2-Tetrachloroethane 

5.00E-03 
3.61E-03 

ToIuene 1 ooE+oo 
Trichloroethene LOOE-03 
Vinyl chloride 2 C’OE-O? 
2-amino-4,6-dinitrotoluene 9.01E-04 
4-amino-2,6-dinitrotoluene 9.011504 

Perchlorate not established 

2,4,&Ttinitrotoluene l.S9E-03 

Arsenic (dissolved) 5.00E03 

Cadmium (dissolved) S.OOE-03 

1.71E+OO 

7.40E-02 

2.85E-01 
3.20E-02 

2.4PE+OO 
7.40E-01 
2.1OE-03 
l.OOE-03 
S.OOE-04 

C.75E-02 

5.80&03 

3SllE-03 

3.30-03 

YESF 

YESF 

YESF 
YES 

YESF 
YES 
YES 
YES 
YES 

Nd 

NO3 

No: 

NO: 
Iran (dissolved) 3.30Ec00 RB 2.62E+01 YES 

Foomores: 

* MyProposed PRG is based on KC, RB= Proposed PRG is based on calculated risk-based PRG 

’ Chemical is no: considered a COC because tt was on!y found in one or two scattered wells/samples at concentrahons above the rtsk-based PRG 

’ Perchloratz is not consldered a COC for reasons drscussrd rn section 3.3.1.2 

’ Chemical is not considered a COC because it IS present in concentrations simitar to background 

’ Chemical is not constdered a COC because maximum concentration dces not exceed PRG 

’ Chemical is considered a COC because it exceeds FICL, bu: it was no: considered in the cumulative risk catculatlons because it is present I” only one isolated vteri 

02/03/2004 Page 1 of j 



CERCLA Crllerla ALT-I -No Anion ALT-3 - lnailu Chlmlcal Oxidadon 



TABLE 2-45 
Summary of Detailed AlternaCves Analysis for Site 4 Source Area Scil 
ROD ior Sire 4 Soil and Groundwater 
Former NSWC Whife Oak, Silver Spfing, Mary/and 

Site 4 Soil Remediation Alternatives 

CEACLA Criteria Alt. 1 --No Action 
AN. 2--S&l Vapor 

Extraction 
AIL 3-in Si!u 

Chemical Oxidation Alt. I-Excavation 

Protection of Human Health and the MOD MOD-HIGH MOD-HIGH HtGH 
Environment’ 2 (4-5) (4-S) 5 

Compliance wilh ARARs’ NONE MOD MOD MO&HIGH 
0 (3-4) (34) w-51 

Long-Term Effectiveness and NONE MOD-HIGH MOD-HIGH MOD-HIGH 
Permanence’ 0 (3-C) (3-4) (4-5) 

Reduclion in Toxicity, Mobility, or Volume’ VERY LOW MOD HIGH MOD-HIGH 
1 4 5 (3-4) 

Short-Term Effectivonesst VERY LOW MOD HIGH HIGH 
1 (3-j) (4-5) 4 

Implemenlability’ HIGH HIGH MOD MOD 
5 5 4 3 

cost2 LOW LOW-MOD MOD-HfGH HIGH 
5 4 2 1 

TOTAL SCORE 14 (26-30) 025-29) (24-27) 

’ Alternatives are ranked relative to each olher in each category with zero (0) the IOW~SI ranking and five (5) rhe highesl ranking. A numeric range is 
provided in parenthesis where significant uncertainty exists. 

’ The tanking for cost is reversed, an assessed qualjty of Low Cost is equivalent to the highest score of five (5). 









CERCLA Werla ALT.5 - Air Sparglng ALT-6 - Gfoundwater Enrac~lon and troatmen: 



TABLE 2-47 
Summary of Detailed Alieroatives Analysis for Sfie 4 Groundwater 
ROD ior Site 4 Soil and Groundwaler 
Former NSWC White Oak, Silver Spring, Filaryland 

CERCLA Criteria 

Protection of Human Health 
and the Environment ’ 

Compliance with ARARs ’ 

Long-term Effectjweness and 
Permanence’ 

Reduciion in Toxicity, 
Mobility, or Volume 

Short-term Effectiveness’ 

Implementability’ 

cost’ 

TOTAL SCORE 

NOTES: 

ALT-I ALT-2 

No Action ICs and LTM 

Nan-Source Area Groundwater Alternatives 
T 

ALT3 ALT-4 ALT5 ALT-6 ALT-7’ 

MNA ERD Air Sparging Pump & Treat Mid-Plume 
Extraction 

LOW 

1 

NONE 

0 

NONE 

0 

NONE 

0 

LOW 

MOD 

3 

tow 

5 

10 16-19 20-23 22-26 21-24 24-27 

MOD 

3 

LOW 

MOD 

3 

LOW-MOD 

2-3 

MOD 

3 

MOD 

2-3 

MOO-HIGH 

3 

MOD 

3 

LOW-MOD MOD 

2 2-3 

MOD MOD-HIGH 

3-4 4 

MOD-HIGH MOD-HIGH 

2-3 2-3 

MOD-HIGH 

4 

MOD 

3.4 

MOD-HIGH 

4 

MOD-HIGH 

4 

MOD 

3-4 

MOD 

3 

MOD-HIGH 

1-3 

MOO-HIGH 

4 

MOD 

3 

MOD 

3 

MOD 

3 

MOD-HIGH 

4 

MOD-HIGH 

4 

MOD-HtGH 

4 

MOD-HIGH 

4 

MOD MOD 

3-4 3-4 

MOD-HIGH MOD-HIGH 

4 4 

MOD-HtGH MOD-HtGH 

l-3 l-3 

i 

+ 

+ 

+ 

Net jncrease of 
s400,000 

+ 

1 - Alternatives are ranked relarive CO each olher in each categoy wYjth zero (0) lhe tOwest ranking and five (5) the highest ranking. A numericat range is provided in parenthesis where significant 
uncertainty exists, 
2 - The ranking for cost IS reversed. an assessed quai@ of Low Cost IS equivalent to the highest score of five (5). 
3 -Alternative 7 is not ranked because it is not a stand.alone alternative and may be included with any other alternative seiecred except lor Alternatwe 1. Including Alternative 7 would eilhei 
increase Ihe ranking of an alternative (+) or have no eflect (=). While the present worth cost of Alt 7 is S680k. the reduc!ion h Overall remediatlon time would reduce rhe O&M cost of the parred 
alternative by $28Ok 

DEKTABLE 247.DOC 1 



Figure 2-1 
SITE VICINITY MAP 
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Appendix A 

Maryland Department of Environment 

Concurrence Letter 



MARYLAND DEPARTMENT OF THE ENVIRONMENT 
m 
MDE 

1800 Washington Boulevard l Baltimore MD 2 1230 
410-537-3000 l 2-800-633-6101 

Robert L. Ehrlich, Jr. Kendl P. Philbrick 
Govern01 Secretall 

Michael S. Steele 
Ll. Governor 

Jonas A. Jacobson 
Deputy Secrctaly 

May 18,2005 

Mr. David Steckler 
Department of the Navy 
Naval Facilities Engineering Command Washington 
Washington Navy Yard, Building 212 
1314 Harwood Street SE 
Washington D.C. 20374-X 18 

RE: Record of Decision Former Naval Surface Warfare Center--White Oak Site 4 Soil and 
Groundwater, CH2MHil1, November 23,2004. 

Dear Mr. Steckler: 

The Federal Facilities Division (FFD) of the Maryland Department of the Environment’s Waste 
Management Administration has reviewed the above referenced submittal. This Record of Decision 
(ROD) presents the determination that in-situ enhanced reductive dechlorination with institutional 
controls and tong-term monitoring to address groundwatcr contamination, and soii vapor extraction to 
address soil contatnination, are necessary to protect human health and the environment at Navy 
Installation Restoration Site 4, Chemical Burial Area at the former Naval Surface Warfare Ccnter-- 
White Oak (NSWC-White Oak), in Silver Spring, Maryland. 

In response to public conmcnts, rcccnt site data, and new guidance, the Navy and the EPA 
have revised the preferred remedy for Site 4 groundwater. The Navy and the EPA believe this revised 
remedy (itr-sifu enhanced reductive dechlorjnation, with institutional controls and long-term 
monitoring combined with the continued operation of the existing groundwater extraction and 
treatment system) will adequately and appropriately address Site 4 groundwater in a cost-effective and 
responsible manner. The FFD of the Maryland Department of the Environment concurs with the 
revised remedy. 

liccyclzd Paper 
I-W lkcrs I-800-735~2258 
Via Maryland Way Scrvicc 
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ARAR Tables 



Table B-l 
Chemical-Specific AFlARs and Performance Slandards 

ROD far Site 4 Groundwater and Soil 
Former NSWC White Oak, Silver Spring. R 

Chemicafs & 
Relevant Media Requiremenr Prerequisites Citation 

Gro~mchr&r. iMeel Nalionnl Pr~milry IUrlnLin0 water sowce or l%fe Dru~kurn Wnrcr 

, ., 
[jEPA&I@IR-941101) 
(CERCLA. NCP 



Table a-2 
Location-Specific AAARs and Performance Standards 

ROD for Sile 4 Groundwater and Soil 

1 
Former NSWC White Oak, Silver Spring, Maryland 

Applicahikty 

Prerequsite Citaaon De?rmznation Comments 

Page 1 ot 3 



Table B-2 
Locat;on-Specific ARARs and Performance Standards 

ROD for Site 4 Groundwater and Soil 
Former NSWC White Oak, Silver Spring, Maryland 

I 1 Applmbility 
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II Action-Specific ARARs and Performance Stafidards 
ROD for Site 4 Groundwater and Soil 

Action Requirement 

Former NSWC White Oak, Silver Spring, Maryland 

Prerequisite Citation 

Federal Aclian-Specilio AFiARs 

ARAH 

Determination COmmenlS 

Resource Consecration and Recoven/ Act (RCRA) 42 USC 6901 et seq.’ 
mild was1e IWas!e qenerakx shali derermlne II ~asw IS ~Ganerator oi hazardous 

I 

40 CFR 
262.10 (a). 
262.11 

40 GFR 262 35 

40 CFR 262.40 

:O CFR 268.40 

APpllcabie 

PoLenriatiy 

app!icable 

Polenliaily 
appl~cab!e 

Porentially 

appllcabie 

Appl~cabie for any operation vrh~re wasIc 
IS generated Remedba! allernal~ves for SIN 4 
may genetak co!xam~nawci ivasws. 

II ‘was@ generaled al While Oak is de!srnuned 

lo be RCRA hazardous ws~e. any srorage of the 
was@ w1!1 nol exceed 30 days. Accumulation 

ot hazardous wasws ons~te for longer lhen 
$0 days would be slrbiecr 1o the substanwc 

ACRA reguiremenk tar storage lachles 
Manifesls will be mainrained for &II 

ofWe shipmems of hazardous ‘wasle 
Appl~.dle 10 dsposal 01 SOII Lo a new 
lacamn ana placemen; m or on iand conlaining 
land-disposal-reslrlcted RCRA hazardous 
wasre. The waws qencrawc’ from response 

acl~ons al Whrle Oak may be RCRA 
hazardous ivdstis. 

I Table B-3 

Safe Onnkmg Waler Act 
AClionS Lhat al1er.1 Promulgai05 Nat~or~al Pnmary Drmkmg Werer 
urlnklng water supply Srandard Maximum Comaminant Levels (MCLs) 

I 
U.S. Depanment al Transportaiioo, 43 USC 1802, et seq.’ 

Hazardous No ~erscn shali represenl lhal a container or 
Malerlals package is safe unless II meers rhe ret;u~rernenrs 01 
Transporlalion 43 USC 1802, ei seq. or reprEsent Ihdl3 

hazardous material IS present I” a package 

n: mom velwle ri 11 IS no1 

fnrersrare carrrers 
fransporting hazardous 

~dasla and subsiances by 
mokx vehicle. Transporrarlw 
of hazardous male& under 
conlract wirh any depanmeol 

of rhe execul~ve branch cl 
Ihe Federal Governmem mus1 

IoIIIw/ IhiS regulailon. 

NO person shall unlawlully alIdr or aeface labels. 

plamds. 0: descriplwns. packages. containers. 
or motor ~vehicles used fc’r :ranspor&lloo of 

hazardous malerials. 

azardous 
laterlals 

larking. 

abellog. and 

lacardmg 

Each person who oilers hazardous marerial icr 

lransporm~on or each wrrdr (ha! xaospcns it 

shall mark each package. container. and vehicle 

I” lhe manner required. 

Person who clllers 

hazardlxs mare!lai for 

lransportalion; came5 

hazardous material; or 

packages. iabels. ar placsrds 
hazardous mareiial 

Each person cllwnrl non-bulk hazardous malei~als 

!or lransporfat~on shall mark Ihe proper shipping 

name and ~dent~lrcmm number (lecnnical I 
name] 3fld consignee’s name and addrass. 

49 CFR 171 .Zil; Polenl!ally Oltw(e lransporl of hazardous mawrials mus! 

applicable compiy wlh bolh subsmmive and adrnin~slralive 

reqriirernenls. 

49 CFR 172.300 

applicable materials musl comply :wh bcjrh subsmmve sod 

adminislralw requwmenls 

19 CF): 175.301 
I 
IPow~tra!lv 



Table B-3 
Actlcn-Specific ARARs and Performance Standards 

ROD for Site 4 Groundwater and Soil 
Former NSWC White Oak, Silw Spring, Maryland 

Action Requirement Prerequisile Cilation 

19 CFR 172.302 a.zarriaus 
aterials 
arkrrq 
Soling, and 

lacardrng (con{ ) 

Hazardous materials for transportation in bulk 

packages must be labeled with proper idcntit~cation 
(ID) number. specrfied in 49 CFR 172 101 lable, 
wrrh reqwred we of jxror. Packages must remain 

marked uniil c!eaned or refilled wilh material 
reqwring alher mark!r;g 

Person who offer5 

hazardous maternal for 
vansporwon: carries 
hazardous maler~af, OI 
packages, labels. or placards 
hazardous rnafcrraf. 

tJo package marked w!h a proper shlpplr?g name 

(II IO nurnboi may be olkred lor rranspon or 

lransporled unless rhe package contains the 
iden:lfied hazardous malerial or !rs residue. 

The marking must be durable. in English, in 

coolrasliny color.% unobscureo. and away from other 
markings 
Labellng ol hazardous malerial packages shall be 

as speclfled rn ihe lisi 
Person who offers 
hazardous material for 

tlon-sulk comb!naUon packages containing liquid 
hazardous maleriafs musl be packed wlh c!osures 
qward. and marked wrh xrows pamung upward. 

Each bulk packagmg or rransporr vehic!e conlarxng 

any quanrily of hazardous mawzal mt~s~ be 

lype of placards i~sred in Tables 1 and 2 of 

vansportalion; catrres 
hazardous maler~af: or 
packages, labels, or 
p!acarbs hazardous 

maierial. 

Ii 
I 

State Action-Specific Al 

ARAR 

Determination Comments 

Porenrraliy To be cetermined. Olfsiie Lransportof 

3pplicaDle hazardous mater& musr compiy ivith both 

subslanG/@ and administralive requiremenls 

4Y CFR i 72 303 Porenrlally 

appkcable 

19 CFR i:2 304 Porenllally 

applicable 

$9 CFR 172 400 Polentlaily 

applicabie 

“9 CFR 172 312 POtentlall’< 

applicabr; 

49 CFR 172 504 

1 L 

RARS 

Maryland Hazardous Waste Regulations 

Storage. treatment 
or disposal. and 
rransportallon of 

hazardous wasLe 

Regulallons and procedures fur the 
dentrtications, Irstiog, rranspoi;alion, 

lrealrnznl, storage, and disposal of hazardous 

wasles must be me!. 

Handlrng oi hazxdous 
wasles 

COMAR 26 13 0: ihrough Porenllally Any hamums waste found during slle 

COMAR X.13.04. Appficable ternedianon ~111 be drsposed of ollsrte accordrng 10 

Annolaled Code oi regulations. 

Marytend Title 7 
Any residues or by-producls from trealmenl 

syslems Lhal are hazardous musr be 

disposed of properly. 

Sorid Waste and Water Supply Regulations 
Well Consrrucrion Speclf~car~ons for well conslruclron and abandanmenl COMAR 26.04 0.3 (A&D): Applicable The reqowmenrs of lhis reg&Liw 

and Abandonment must be mol. Also provides a mechanism to prwde Ihe COhlAR 26 Cl4 04 are applicable to the respcwe actIons 

Stale of Maryland with a database of etistlny and abandoned at Whtle Oak If mon~ioring wetfs have io Se 
wefls. Permits are required for well conslruixon. insrdlled or dbdndoned. 

Stormwarer Management 

Deslgo and Regulallons require the design and ‘Owgn and c~nslruction COMAR 26.17.02 Applicable The remedial aciion will incorporate 
cwsrrixlron consmtr~*n of a sys~ern necessary ro :acrwmes medsures 10 conlrol and manage 

contm[ stormwater. slormwaier as necessary 

I 
Erosion and Sediment Controi 

I I I I 
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Table B-3 
Action-Specific ARARs and Performance Standards 

ROD for Site 4 Groundwater and Soil 
Former NSWC White Oak, Silver Spring, Maryland 

AUAR 
ACtiOn Requlremeni Prerequisile Citation Delerminahon Comments 

and cl&ring. gradrni, Rcgular~ons requite ihe preparatmn and Land clearmg, grading. COtv!AR 26 1 i 01 Applicable The remedial acl~on ivill rncorpordrb 
nd earth dMurbances wnplemenrarron of a plan lo control eros:on and earlh disrurbances lhe srandards required ior clearwy. 

and sadirnenl for acliw:ies involving land grading. and orher earlh disrurbanccs. 
ckaing. and gradlny and rarLh disrurbances. m:luduq compliance wlh county and 
Erosion and sedimenl control crilec~a are f1u~2jjd erosm and seatment conuol 
also oslabfished ardioznses, and Ibe Commisston’s 

eros~cn- and sedImenrar1on.con;ro)I regulaIioni. 

laryland Drinking Waler Law 
cwns thar affecl Provrdes thar rhe SI~IG has rhe pnmary en:orcamenl Acrion causmg pollulion UI COMAR 9.04. Pafi,s Refevanr and appfopr This regulation may be an ARAR lor OU-t II 
I~IF drinKIn water respons~b4lry ICI drinking wafer standards under drlnkrng water supply 4ll.Jl5 ir~evmes rhar al&r waler qualiry are conducled 

lhe Federal Safa Drinking Water AC!. 

Ecupattonal. Industrial. and Residential Hazards 
cllon lhal ~vII! Llrnlls sel on lhe !evels of noise mw Acrion linal wll generate COMAR 26.02.03.02A i.2) Applicable During LII~ reinediatton wrk. 
ener21a rlo!:e be rnel, lhese hnws are ~ro~acwe 4 ncxse and 912!, COMAFi Ihe msximum allowatiie r.olSe levels 

fhe health. wailare. and properiy ol 28.02 C’3.C*2 WA. iv~ll no1 be exceeded a sa? bwnrl?.r:es. 
lhe fieopie m lhe Sraie of Maryland. Ttie A.nnwa!ed Code ol 
maXimum permwd levels ior conslruclicn Maryland Tliie 1 
achvl!ies may “0~ exceed 90 d6A during 

the day and 75 dBA du!,nq n,qht. I 
,ir Quaky 

cl~ons fhal Involve Prowdes arnblen: air qua!lty standards. general enwxws Acmx lhai ~nvclve COMAR 26 11 Appfrcable May apply IO arrstrip?ers. SVE, or 
mlSSlcn5 IO dir slaodards. and rrstrlclions ior air enwsrons Irom em&on5 lo air above air spargina ailernawes. 

wnsLruclion acrwmes. venls. and rreamm technologies sprchc ,rm,,s. 

such as incinerators. Also indudes nuisance and odor 

conn3l. Consirucuon amvmes may em panicu!aw nmer 
onto rhe amblent air Remedial acwiks must {oltow 
ib?guiar~on5. 

Ta 0 es an I po icles. an s. pec;mc polenuar 5 are addressed in the table below eat eating 
ctonyms used rn the iable 

RAR . Applicabla or relevant and appropr~ale reqwremenl NPDES . Nailonal Polfuranr Discharge ElInTinail~n System 

AA Clean Air ACI OSHA _ Occupalional Safepj and Health Admin~srral~un 

CRA Re5cxwce Consermwn awl Recovery Act CERCLA . Comprehenwe Envxonrr;anral Responsr, Compen;alior.. and L~ab~lrty Aci 
FR . Code :or Federal Rsgv!atrons SD’UVA * Sale Drinking Waler AcL 

WA. Cleail Water Act ShdCL$ Secondary Ma.wiwm Contamlnanr Lwels 
1OT U.S Orparrmenr 01 Trenspor~~wn TBC . To Sa colwdered 

PA U.S. Enrlronmenral Prowlix Agency USC Uniled Slales Code 
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Appendix C 

Transcript from Open Discussion at Public 
Information Session for Proposed Plan, 

July 8, 2003 



FORMER NAVti SURFACE WARFARE CENTER 

MONTGOMERY COUNTY, MARYLAND 

PUBLIC MEETING 

to present and discuss the proposed plans for Installation 
Restoration Sites 4 and 7 

A public information session on the above-entitled matter 

was held on Tuesday, Jul.y 8, 2003, commencing at 6~00 p.m., at 

the Sheraton College Park, 4095 Powder Mill Road, Beltsville, 

Maryland, chaired by: 

WALTER A. LE'GG/U.S. NAVY Engineering F'ield Activity Chesapeake 
RAD Co-Chairman 

APPEARANCES 

BRUCE BEACH / US EPA 
SCOTT MacEWEN / CH2M HILL 
SCOTT NESBIT / 'l'etra Tech NUS 
MARK CALLAGHAN / MDE 
GARY IRBY / White Oak RAE Member 
TONI WALTER / Neighborhood Resident 
BARBARA MEUINA / White Oak RAB Member 
PAUL DeLEO / White Oak PXB Member 
DENNIS EROUD / NTEIJ 
HALL CRANNELL / White Oak RAP Member 
PAUL MEYER / White Oak F&B Member 

1 PROCEEDINGS 

2 MR. LDGG: Okay. I guess we'll get underway. Th@sc folks here 

3 know me, Walt Logg with the Navy. And this is a meeting to 

4 present the proposed plans for Installation Restorakion Site 4 and 

5 Site 7 at Former Naval Surface Warfare Center at White Oak. The 

6 members of our Ease Realignment and Closrxc Cleanup Team, myself, 

7 Erucc Beach with EPA; Mark Callaghan with Maryland Department of 



1 Environment; Bob Ridgway with Identix representing GSA; Scotk 

2 MacEwen from CH2M Hill; Scott Nesbit, Tetra Tech Nus; 

3 

4 PRESENTATLON OF SITE 4 PROPOSED PLAN 

5 (NOT PROVIDED HERE) 

6 

7 MR. LEGG: And also you can call me at anytime (202) 

8 665-0061. AX? that's the end of the presentation on Site 4. SO 

9 we'll open tho floor to questions and comments. 

10 Ml?.. TRBY: I have some comments . (Indiscernible) the 

11 slide on page 13, the full map. 

12 MR. MacEWEN: Can you speak your name too, so we get it 

13 on the -- 

14 MR. IRBY: Gary Irhy. 

15 MR. NESBIT: Sir, excuse me, Mr. Irby, which slide did 

16 you want. to see? 

17 MR. TRBY: On page, l.et's see, it's 21. 

18 MR. NESAIT: Sl.J.de 217 

19 MR. IRBY: No, it's on page -- 

20 MR. NESRIT; There's a little slide number in the corner 

21 of the slide. 

22 (Discussion off the record.) 

23 MR. IRBY: Can I come up these? 

24 MR. MacEWENr Yes. 
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2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

22 

13 

14 

15 

16 

17 MR. NESBIT: People that occupy and work within the 

18 

19 

20 

21 

22 

23 

24 

25 

MR. IRBY: I have some problems with this. You tal.k 

about the, it's a risk to White Oak tenants. Or as you pointed 

out contamination's here and it's coming down this way. 

MR. CALLAGHAN: That's correct. Exposed TCE, PC%, all. 

those contaminants coming down this way. 

MR. IRBY: Well, White Oak is clear up here. So 

obviously there's no risk to the White Oak people. The Adelphi 

people who live down here in the contamination there is risk. 

MR. CALLAGHAN: Excuse me. Where you pointed initially 

that's at White Oak, that's not White Oak at all. 

MR. IRBY: This is not White Oak at all down here. This 

is White Oak up here completely away from any contamination 

according to this map. 

MR. LEGG; When we refer to tenants, we are actually 

referring to the central tenants within the perimeter of the 

former base. 

fQ~~Er government property or the government property, the 

property owned by GSA, owned and managed by GSA or owned and 

operated by the Army. 

MR. IRBY: Okay. 

MR. NESBIT: That's within -- 

MR. IRBY: Then Lhe next thing down hare is the risk to 

the surrounding community. Well, down here there is risk. This 

is in the surrounding community. This gentleman said that Paint 

3 



Branch is a natural boundary which is down here and there are 

4 haven't seen this map before. But it's been clearly established 

8 

9 

10 

11 MR. LEGG: That will go to the existing surface-water 

12 stream there. The groundwater contamination is not going to go 

'13 

14 

15 

16 

17 

18 

19 

20 groundwater (indiscernible). The surface water is not something 

21 (indiscernible) that's exposed. 

22 

23 

24 

25 

people living, myself included, within this contaminated area. SO 

there is risk to the community. AlSO, according to this map, I 

that Charlton property is contaminated. The well there, our well, 

our creek, the creek on the Fred Stork Nursing Home, but this 

contamination comes back in behind all these houses on Pleasant 

Acres and the nursing home, DelHaven Nursing Home. I hadn't seen 

the contamination back in that area before.- Have those people 

been notified that this property is contaminated? 

beyond that stream. (Indiscernible). 

MR. IRBY: Well, this is the baseline on (indiscernible) 

R.ight? 

MR. LEGG: Correct. That's the baseline. 

MR. IRBY: And these people that live i.n these houses 

own property back to that line. 

MR. LEGG: Again, this is an indication of the 

MR. IRBY: Well, saying there's no risk to the community 

is not true. That there's been risk to the Charlton's, my fami.Ly. 

MR. MacEWEN: Scott MacEwen with CH2M Hill. When you 

say risk, we're talkiny about risk here, risk that's as defined by 

4 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 
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23 

24 

EPA as a risk to human health and the environment. A risk study 

was conducted on the surface water that you may be exposed to. 

The surface water that runs through your property and on the Stork 

property. And the risk from that surface water to human health 

and the environment were found to be within acceptable limits, 

below what EPA considered a risk. 

MR. IRBY: Well, I thouyhtr the risk -- 

MR. MacEWEN: And no one is drinking the groundwater 

that is, or had in the past drank groundwater that is considered a 

risk. 

MR. IRBY: We think that Charlton drank the groundwater. 

We don't I- 

MP,- MacEWEN: My understanding is -- 

MR. LEGG: The groundwaten as far as we can tell, all o.E 

our sampling has indicated that any groundwater that you drank 

from your well was not contaminated above any drinking water 

levels. 

MR. IRBY: That's been tested. 

MR. HacEWEN: Well, we haven't found contamination in 

the bedrock in wells right next to your well. 

MR , PRRY: Historic surface water was 1.2 parts per 

billion. That's way above EPA standard of 50 parts per billion. 

MR. PIacEVEN: I'm not familiar with that. 

MR. LEGG: I'm not sure that you're right. 
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MR. IRBY: Right back at the seep that was in the creek 

at the Charlton, and the Fred Stork Nursing Home was 200 parts per 

billion for a long time. 

MR. LEGG: Right at the seep we had detections of E 

think it was up to abollt 200 parts per billion of XE. Let's see, 

just downstream you'll see (indiscernible) considering below it. 

Also water is (indiscernible) surfac e water quality standard, not 

a drinking water standard. And we've anticipated and used that as 

a (indiscernible). 

MR. IRBY: I'm not at all comfortable with this there's 

no risk to the surrounding community. 

MR. CALLAGHAN: Yes;, Mark Callaghan, MDE. I guess the 

thing to take away from this is there is, it is going slightly off 

behind your property. i3ut there are no residential wells that are 

(indiscernible) . So what I'm saying to you is that they're saying 

that there's no risk to groundwater at the moment. There's no 

risk at all because nobody is drinking that groundwater. Nobody 

is going to drink that groundwater or the (indiscernible) near 

fUtUl% - 

So by the time, they're going to clean this up. There 

are no residential wells that people can use. Nobody has access 

to the groundwater. You're not going to drink the groundwater. 

Nobody else is going to drink the groundwater from now until a 

very long time in the future. So that's basically what we're 

saying that: there's no risk to residential exposure to groundwaker 

6 
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19 

20 
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22 

23 

24 

25 

or contaminants or to the public because nobody is drinking that 

groundwater. It's way bel.ow and everybody's connected to wssc 

public water. 

MR. IRBY: That's not true. 

MR. CALLAGHAN: We're saying, what we're 

(indiscernible). Am I correct? 

MR. IRBY: Has the Navy checked to see if there's other 

wells in the area? 

MR. LEGG: We're aware that that-there are drinking 

water wells in the area, but they’re outside of the extended 

design. They will not he receiving water from this site. 

MR. CALLAGHAN: So the next best thing you can take 

away, it's the groundwater, nobody has access to it. so your 

family, nobody's family is going to be affected by that 

groundwater because nobody's going to be drinking that 

groundwater. 

MR. IRBY: We have dranked that. Will it affect the 

city water? 

MR. CALLAC;HAN: Well, I don't want to go into comments 

on that or anything like that. But what I’m saying is now I'm 

saying there's no risk because no one has access to the 

groundwa ter You don't have access to the groundwater. Charlton 

doesn't have access to the groundwater and nobody's going to be 

putting a wei1 an*ywhere near that for a very long time in the 

future. So that may help to relieve some fears that you have 
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contamination that is coming over the public line in the 

groundwater. 1 hope I've answered your question. 

MR. IRBY: You answered it but it doesn't solve my 

concern. 

MR. CALLAGIIAN: We say that there's no risk. Well, 

again -- 

MR. IRBY: Maybe at this moment there's no risk. There 

has been risk and that's not indicated in this at all. 

MR. LEGG: We've been unable to determine the 

(indiscernible) of this. A11 our indications are, our 

investigations have indicated that at least going back as we can 

ascertain it did not: pose a risk. It did not, I should say, it 

did not pose a risk outside of the accepted (indiscernible) as 

determined by EPA. We don't know (indiscernible) drinking water 

from your well and again, we studied that multiple years. 

MR. NESBIT: 1 mean for the sake of, Scott Nesbit of 

Tetra Tech Nus. Just Eor the sake of getting through this, I mean 

we're here to talk about the current- conditions and what's 

proposed to mitigate prior releases, existing contamination. what 

happened in the past, we really can't, I don't think anyone here 

can speak of or really need to get into as past of this proposed 

plan. 

MR. IKUY: Okay. I just wanted to point auk a few 

things that are of concern. 
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MR. CALLAGHAN: Dr. Irby, your concerns are being 

recorded and I guess we'3.1 include them. They're being recorded. 

MR. BEACH: They'll be in the record of decision. 

MR. LEGG: Ms. Walter, you have a cluestion? 

MS. WALTER: I'm just not clear. I: just need 

clarification. I know that you're going to use the 

(indiscernible) the utilization process and as part of the clean 

up? 

MR. LEGG: Correct. 

MS. WALTER: That is part of what you're planning to do? 

MR. LEGG: Yes, we're planning to continue the exi.sting 

treatment system and incorporate the new system. 

MS. WALTER: Where you inject that it comes out into the 

air and stuff? 

MR. Lli:GG: That's right. You pull the groundwater up. 

You run it through a machine that blows air. The water goes down. 

The air comes up through it and it volatizes the contaminants out 

of the water. 

MS. WALTER: Now, how, can you just describe to me how 

the air quality will be monitored with regard to that? 

MR. LEGG: As part of th e design process we'll be going 

through and determining the necessity for (indiscernible) 

monitoring. (Indiscernible) you can if you want, but historically 

what we have planned, the levels are so low that the resultant air 
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from the stripping process would have a maximum potential 

contamination that=s probably not even detected- 

MS. WALTER: And is that the case that there are any 

other contaminants that are there would they also be placed into 

the air and would the levels also in that case be known? 

MR. MacEWEN: This is Scott MacEwen, CH2M Hill. As part 

of design process that Walter said, we would determine all the 

contaminants that are in the water from the wells we're going to 

be extracting and whaL's going to be going into the air stsipper 

and what will be coming out of the air stripper in the air, and 

what will be going, still be entering the water stream. And we 

have to make sure that those things that are still in the water 

are going to meet the water discharge criteria. Rut that surface 

water there may be some contaminants that can't get stripped out. 

Hut make sure there=s lciw enough concentrations that they=rc not 

above the certain criteria. 

And the air, the same thing, we have to determine what 

kind of mass of organics are going to be going into the air, 

compare that to the federal or state criteria. In other words how 

much pounds or grams of volatile organics you can put into the air 

over a certain period of time. And we're below that, we don't 

need to treat it. Lf we‘re above that then we probably need to 

run it through carbon absorption to collect it before it's given 

off to the atmosphere. 

10 



1 MS. WALTER: And will that be continually monitored then 
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23 here not being contained by the wells in this area, moved out of 

24 these we1 1s. So after say 20 years, now most of those will be 

25 

or how will. that be? 

MR. MacEWEN: It will be monitored by the concentration 

in the water. So you assume that 100 percent i.s removed. 

MS. WALTER: Oh, I see, okay. 

MR. MacEWEN: It will he sampled, the water coming in 

and out of the air stripper. 

MS. WALTER: I see. 

MR. MacEWEN: And typica1l.y it is not even close to what 

the ai.r quality criteria are. 

MS. WALTER: Okay. 

MR. IRBY: One final comment about the future. You're 

talking about a goal. of 22 years to clean up of the boom, 1 guess, 

the groundwater and surface water? Is that -- 

MR. MacEWEM: Well, if the groundwater is cleaned up, it 

won't be any addition to the surface water. So the surface 

water's going to follow, yes. 

f4R. XRBY: So you're expecting that to take 22 years? 

MR. MacEWF,N: Well, the 22 years is for, let me put up 

the picture. It is different time frames for different parts of 

the program. For itIs tance, the amount of time that the driving 

factor is 22 years. Tt was based on modeling, contamination from 

cleaned by {indiscernible) is some contamination in this area. So 
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it hasn't reached here yet. The time it takes for the groundwater 

to move from the low part of this trench to this stream down here 

is less than that and I can't remember what the number is, but you 

know, somewhere in the teens. I mean that's what the model shows. 

But as far as the surface water and through the risk assessment 

the concentrates in the surface water don't show a risk from any 

scenario, you know, including children playing in the stream or 

the risks have been tossed up for exactly what the parameters are. 

I don't know off the top of my head, but right now there's no risk 

and the concentrations would not be expected to go up because, you 

know, frankly this source is removed in the ground where the 

concentrations are going now. 

MS. MEDINA: 1 have a question. My name is Barbara 

Medina. Is any of l;he contaminated groundwater plume hitting the 

main stem of Paint Branch or is it all going off into these 

tributary streams? 

MR. MacEWEN: No volatile organics have been detected in 

Paint Branch. However, there are wells right down along Paint 

Branch thar have, you know, one or two part per billion TCE in 

them. So to say they're not getting in there, I don't know if we 

can say that, no, you know, zero is getting in. 3ut it's not 

getting in enough to be detected. It's either going volatilized 

or whatever. But the only area that would be, in fact, would be 

really right around here. 

MS. MEDTNA: Which is still on base or off the base? 
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MR. MacEWEN: No, that's off the base. 

MS. MEDINA: That's off the base. 

MR. LEGG: Ms. Walter. 

MS. WALTER: Yeah, Toni Walter. I just had one more 

question about the monitoring of the extraction levels. The air 

strippers, will they he monitored continually? The 

(indiscernible) basis, will that be monitored? 

MR. LEGG: The actual frequency monitoring will be 

determined as part of the design process. -I'm confident it will. 

not be continuous or daily, but the actual frequency I don't know. 

MR. NESBTT: But as an example, with the air strippers 

that are in pl.ace right now, we have installed telemetry so if 

there is a, something does go wrong, a phone call is made 

automatically from the -- 

MS. WALTER: Oh, I see. 

MR. NESEIT: B- from the system to someone who i.s 

responsible to get it back -- 

PIS. WALTER: 'rhat's great. 

MR IRUY : When was that installed? 

PIR. PJESBIT: Three months ago. 

MR. LEGG: The new system because there was an existing 

system prior. The new system was installed a couple months ago 

There was a land base system thatl was in there for a long time and 

then we lost our sponsor, not that S=III paying the bills- But so 

now we bid on a cell phone service. 
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contact, when that period is over as to the actual, how they will 

actually be monitored or are YOU definite that it will be on the 

phone system as well? 

MR. LEGG: It will be on the phone system. 

MS. WALTER: Oh, okay. 

MR. LEGG: Yes. And I misunderstood your original 

question. II thought you were asking about sampling type 

monitoring. 

MS. WALTER: No, I just meant being sure that they=re up 

and running correctly, yeah. Thank you. 

MR. DcLEO: Paul DeLeo with FDA and National 

(indiscernible) Employees Union. I have a couple of questions or 

comments about perchlorate. 

contaminant of concern. And the rationale used I think is rather 

weak. Perhiorate is something that is of great interest as a 

contaminant groundwater these days. My understanding is that EPA 

has an interim guidance which talks about using treatment levels 

down to 4 to 18 parts per billion as a guideline. Currently I 

understand that Maryland has perchlorate advisory down to one part 

per billion for drinking water. These are not requirements, but 

there's say a lot of concern about this compound. And I think 

this should be taken into consideration when looking at remedial 

alternatives. 
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making on this, so in a couple of years there may be a drinking 

water standard in which case if your remedial alternative is in 

place, you're going to have a hard time if you wanted to change 

I'll also say I found it a little unusual that you have 

iron included as a contaminant of concern and not the chlorate. 

That doesn't really pass a lab test. 

The other comment 1 have about perchlorate is the 

preferred remedial alternative you state that there's going to be 

discharge to surface water body. If you=re using the treatment 

alternative it doesn't treat perchlorate, discharging for chlorate 

to surface water bodies. The chlorate is an endocrine disrupter 

and at the levels that it's found in the groundwater right now, 

it's known to have negative impacts in development of amphibians. 

So the result is that you're going to be potentially impacting 

amphibians and other life forms in the stream that you discharge 

to. SO I believe you should have remedial alternative that 

i.ncludcs treatment of perchlorate or else discharge not to surface 

water body, but discharge to sewer system. But not a straight 

dischayge to the environment if you don't treat for perchlorate. 

&nd I'ITI going to send that to you, Walter. 

MR. LEGG: Thank you. 
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1 MR. MacEWEN: Yes, how about we address that one at a -- 

2 MR. DeLEO: That's fine. I'll send Walter a more 

3 detailed written comment. 

4 

5 PRESENTATION AND PUBLIC COMMENT PERIOD FOR SITE 7 

6 FOLLOWS (NOT PROVIDED HERE) 
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